LIPID METABOLISM IN FEMALE ASCARIS

LUMBRICOIDES DURING STARVATION

By
MEIL SOREN JACOBSEN

Bachelor of Arts
State University of lowa
lowa City, lowa
1952

Master of Science
University of Denver
Denver, Colorado

- 1956

Submitted to the Faculty of the Graduate School of
the Oklahoma State University
in partial fulfillment of the requirements
. for the degree of
DOCTOR OF PHILOSOPHY
May, 1965



LIPID METABOLISM IN FEMALE ASCARIS

LUMBRICOIDES DURING STARVATION

Thesis Approved:

Thesis Adviser 2

ii



LIERARY

MAY 28 1365

P — e LR

ACKNOWLEDGEMENTS

The author wishes to express sincere appreciation to Dr. Calvin
G. Beames, Jr. for his guidance and interest throughout the course of
thiétsfudy, and for his assistance in the preparation of this manuscript.
Appreciation is expressed to Dr. Larry L. Ewing for his encouragement
and to the members of my committee and other members of the Department of
Physiology and Pharmacology for their suggestions and inspiration.
Appreciation is expressed also to David Stewart for his help in the
analysis of some of the components of the lipids. Finally, special
thanks must go to my wife, Ann, and our children for their effort and
patience throughout the course of this study.

This work has been supported in part by grants from the National
Institutes of Health, United States Public Health Service (1-Fl-GM-20,
811-01 and Al 06047-01), by an Academic Year Fellowship from the National
Science Foundation (Grant No. NSF GE 20]3§) and by a grant from the
Agricultural Experiment Station, Oklahoma State University (Project No.

1243) .

28137H



TABLE OF CONTENTS

Chapter v
lo INTRODUCTION. . . . « . . . .
I1. LITERATURE REVIEW . . . . .

cu‘ ture. l'~ . ' & L] 2 L] .
Carbohydrates. . . . .
COI"I ten tl . s ‘a ¢ .6 o

. Volatile Fatty Acids .
Lipids . . . o & v v .
Lipid Content, . . . .

Lipid Metabolism . . ,

Fatty Acid OxidatrOn .

i, MATERIALS AND METHODS . . . .
First Experiment: Total
Culture. . ... + . . .
Lipid’ Extraction e e
Statistical Analysis .
Second Experiment:
Culture. . . . . . . .

Lipid Extraction and Purlflcatlon

s e

Synthesis of Glycogen and Trehalose.
G‘ycol,ysls b v & 08 0 8 0 v * » * - - »
Tricarboxylic Acid Cycle .

L

.
+

»

3

[

.

*

¢ & & s

ipid .

©

L

Gas=Tiquid ChromatOgraphy. .

Volatile Fatty Acids .

*

LY

+* %

LI

*

Non-volatile Fatty Acids . .

Third Experiments -

Mitochondria Preparation .
‘Incubation and Assay . . . .

End. Product Analysis .

1¥. RESULTS AND DISCUSSION.
First Experiment:
Body wall, . ,

Reproductive System plus Eggs

Combined Results
Discussion |

Fatty Acids.

.

4 & e

-
.

®

-

.

-

[}

»
-

-

L

Total Lipid |

.

)

-

.

.

-

.

«

1)

*

$ & & e

‘Fatty Acid Oxidation.,

> &

>

. .

s

.

* ¢ & & »

s a2 & & = »

¢

e + ¥ & 8

L I Y Y *

.« e

v, e °® ©v »



TABLE OF CONTENTS (Cont'd)

Chapter

Second~Experiment: Fatty Acids, ..
Total Lipid. . ¢« v vivieieisieiae o o v o s
Neutral Lipid . . . . . . . . . .« ..
Phospholipid . . . . . Ve e e e e e
Non=-volatile Fatty Acuds e e e e e
Volatile Fatty Acids . . . . o v e s

L S Y

Chromatography of the Non-volat|le Fatty Acids .

»

Chromatography.of’ the Volatile Fatty Acids .

"Discussion . . . NP c e e
Third Experiment: Oxldatnon_of Fatty Ac1ds
Rate of Dye Reduction . . . . . . . ..
End Products . . . . . . . . ... . ..
Discussion . . « « . v ¢ 4 ¢ 4 v o e ..

. & o

V, SUMMARY AND CONCLUSIONS . . . « + v 4 v .+ . 4.
BIBLIOGRAPHY. . o . v v v v v v v e e e

APPEND ICES ¢ . . . . L] . . < . » ¢ . . . . . . . »

-

@



LIST OF TABLES

Table ) . 7 - Page

f. Total L;pié @F“fh@‘ﬁédy Wall and Reproductive System:
of Female Ascaris lumbricoides Following
‘Starvation in Alr, 95% Air/S% t0,, Ny, and 95% NZ/S% €0s. . 25

11. Level of Sigiificance of the Difference Between Means
Ba sed Qn th& ! Sd‘ @ © ® . - 2 L o L3 o @ ] ? @ o L L o 2 @ @ 26

b11. Gas Chromatographic ldentification of Methyl Esters of
Non=volatile~Fatty Acids of the Neutral Lipids of
Ascaris Using an Ethylene Giycoel Succinate Coiumn se e oo o Lb

V. Gas Chromat@graphnc identification of Methyl Esters of
Neén-volatl|e Fatty Acids of the Neutral Lipids of
Ascaris Using an Apiezon L Column o o . & « o« o 0 0 o o o U7

V. anntit&ti&é”Ana1ys§é'OF NénaVOlatlle Fatty Acids in
Femate Ascaris Tissues Following Starvation Under
95% A‘ l" 5% COZ and 95% NQ/SA) Co e o o 4 & o & & e e 9 o @ 50

Vi. Quantitative Analysis of Volatnle Fatty Acids in
Female Ascaris Tissues Follcwung Starvation Un@er

95% A1r/5% CO and 95% Np/5% COpe « v v v v v o oo i 0o Bh

¥il. Molar Ratia of Volatile and Non=volatile Fatty Aceds in
the Neutral Lipids. . . . .+ o ¢ ¢ o o « o 5 « o o o o & o o 58

Vili. Fatty Acid Oxidation by Subcel]ular Fractions of , 7
Ascarus Muscle. o o= o ¢ ¢ v o o s 2 s o ¢« s s v s o a = o o 63

i1X. The EFfect of Variocus Substances on the Rate of Fatty
Acid Oxidation by Ascaris Muscle Mitochondria . . . . . . . 67

X. The Effect of Oxygen on the Rate of Fatty Acid Oxidation
by Ascaris Muscle Hitochondria. + o o o ¢ o v ¢ o o o = « o 10

Xl. ldentification of the Products of Fatty Acid Oxidation by
Ascaris Muscie Mitochondria . . . . . . ¢ v . o ¢ o o o o o 71

vi



Figure

10.

LIST OF FIGURES

Total Lipid in the Body Wall Follewing Starvation-
Under<N29 95% NZIS% 6@29 A?f and 95% Aﬁrf5% COZ e o o

Tota) Lipid.in the Reproductive System ?ﬁus Eggs
Following Starvation Under Ny, 95% Ny/5% €Oy,
Air and 95% AEI"/S% COZ o a s % @& © @ @ @ @ % e B o [

Total Lipid in the Body Wall and Reproductive System
Combined Following Starvation Under Ny, 95% No/5% CO,,
Air and 95% Air/5% €0s. . . « v v 0 ¢ v s 0 e o e o

Total Lipid in the Body Wall, Ovary=-oviduct Tissue and
Uterus Plus Eggs Following Starvation Under
95% A§f/5% CGZ and 95% Nzls% COZ o ¢ © a a 8 o o 6 o o

Neu;ral Lipid Content of the Body Wall, Ovary-oviduct
Tissue and Uterus Plus Eggs Foliowing Starvation
Under 35% Air/5% €0y and 95% N,/5% COp . . . . . .

Phosphol ipid Content of the Body Wall, Ovary-oviduct
Tissue =nd Uterus Plus Eggs Following Starvation
Under 95% Air/5% €0, and 95% Ny/5% CO02 . . . . . . . .

Non=volatile Fatty Acids of the Neutral Lipid of the
Body Wall, Ovary-oviduct Tissue and Uterus Plus Eggs
Following Starvation Undér 95% Air/5% €0, and 95%
Né/S% CGZ e 6 o s 6 & o v o o & o o o ® 6 o o & v o o

Volatile Fatty Acids of the Neutral Lipids in the Body
Wall, Ovary-oviduct Tissue and Uterus Plus Eggs
Following Starvation Under 95% Air/5% €O, and 95%
"Nz/s%cozPoaovaauoownoanauaooeo

Plot of the Log of the Relative Retention Time Versus
‘the: Number of Carbons for the Non-volatile Fatty
Acid Methyl Esters Chromatographed on an Ethylene
Glycol Succinate Column. . . . » &« & v & o o 4 o o o o

Plot.of the Log of the Relative Retention Time Versus the
‘Number of Garbons for the Non-volatile Fatty Acid

Methyl Esters Chromatographed on an Apiezon L Column . .

vii

Page

¢3?

- 39



Figure

11,

12.

13.

14,

15.

LIST OF FIGURES (Cont'd)

Plot of the Log of the Relative Retention Time of
Methyl Esters on an Apiezon L Column Versus the

Log of the Relative Retention Time of the Methyl

Esters on an Ethylene Glycol Succinate Column

°

. °

The Effect of Increasing Concentrations of Substrate

on the Rate of Oxidation of 2-methylvalerate .

¢ e

The Effect of Increasing Concentrations of Enzyme on
the Rate of Oxidation of 2-methylbutyrate plus ATP..

The Effect of pH on the Rate of Oxidation of

2°methylva]erate ¢ o s 9 e & o & e e o & * @

The Effect of Increasing Concentrations of

2=-methylbutyric Acid () and Oleic Acid (&) on the

Rate of Oxidation of Succinic Acid . .

viii

.

@

Page



NAD =
NADH =
ATP =
CoA =
HMole=
mM =
gn =
q -
mg% =
c -

ABREVIATIONS USED IN THESIS

nijcotinamide adenine dinucleotide
reduced nicotinamide adenine dinucleotide

adenosine triphosphate

coenzyme A

micromoie

millimolar

gram

gravity -

milligrams per 100 gm, of body weight

centigrade

fx



CHAPTER 1

INTRODUCTION

Ascaris lumbricoides is a large parasitic nematode found in the

small intestine of hogs and is of universal distribution. A physio-
logic variety of this parasite also infects man and is a serious health
problem in some parts of the world. Young pigs are more susceptible

to infection by Ascaris than mature hogs and it has been found that ex-
perimentally infected animals weighed at slaughter 45 to 54 pounds less
than worm-free litter mates (139). In the United States it is estimat-
ed that 7 of every 10 pigs and | of every 3 hogs of breeding age are
infected with this worm (139). It is estimated that economic loss

due to unthriftiness and death of young pigs costs hog raisers in the
United States 50 million dollars each year (139). Proper herd manage-
ment can reduce the economic loss due to Ascaris by reducing the inci=
dence of infection. |Infection is difficult to prevent entirely, however,
since the eggs in the soil remain infective for several years. |t is
therefore desirable to use medication to reduce loss from established
infections.

The basis of treatment of many infections is interference with the
metabol ism of the disease organism without interfering with the meta-
bolism of the host. Such methods of approach should be based on a
thorough knowledge of the metabol ism of both the host and the infectious

organism. While considerabl e knowledge of mammatlian metabol ism has



been accumulated, little is known about the metabolism of nematodes.

Reviews of nematode metabolism indicate that carbohydrates are
probably“the primary_source gf metabo}i; energy in the adults (19, 23,
26, 27, 55, 121). While Ascaris contains relatively large amounts of
lipids, littlelis known about its metabolism. It is not known if the
ljpfd; in the adult can be catabolized for energy or to what extent
they are transfgrred from one tissue to another. Most of the lipid
in the adult female is in the reproductive tract where it is incorporated
into eggs. As the embryo develops from the egg some of the lipid is
converted to carbohydrate, however, this has not been demonstrated in
the adult. Oxidation of fatty acids has not been demonstrated in
either the émbryo or adult worm,

Studies of lipid metabolism of mammalian tissues indicate that
triglyceride fatty acids can be oxidized for energy production more
readily than other lipid fractions. This may be true for Ascaris,
however, the adult worms are essentially anaerobic organisms and may
not be capable of oxidizing fatty acids by the same pathway that is
known for mammalian tissue. Adult Ascaris does not have a complete
tricarboxylic acid cycle or cytochrome system. This is probably related
to the worms' anaerobic environment. The absence of a complete cycle
would prevent the okidation of acetate as it is known to occur in
aerobic organisms. The accumulation of volatile fatty acids in the
medfum and in the triglycerides of Ascaris tissues suggests that the
volatile fatty acids are not Oxidizéd by this parasite.

This investigation was designed to determine the ability of Ascaris
to metabolize lipids during starvation under aerobic and anaerobic -

conditions with particular attention to the fatty acids of the saponifi-



able neutral lipids. Total lipid and various lipid fractions were mea-
sured after various periods of starvation to deiermine if the animal used
a measurable amount of lipid during starvation. Changes in proportion of
the fatty acids of the saponifiable neutral lipid were measured by gas-
1iquid chromatography. Oxidation of several fatty acids by mitochrondria
which were isolated from the muscle tissue of the body wall was investi-

gated.



CHAPTER 11

LITERATURE REVIEW

The chemical makeup of Ascaris has been well determined, and path-
ways of carbohydrate metabolism have been studied intensively. Lipid
metabol ism;on the other hand, has not been well elaborated in this
organism. This chapter is a review of what is known of the techniques
of in vitro culture of Ascaris and the interrelationship of carbohydrate

and lipid metabol ism in Ascaris and in mammals.

Cul ture

The normal habitat of Ascaris lumbricoides, the small intestine of

the hog, contains a complex solution of organic and inorganic sub-
stances maintained slightly above 37°C. The mixture varies according
to the diet of the host and is so complex that few investigators have
-attempted to duplicate it in an artificial medium, Since the present
study involved only starvation experiments, only non-nutrient media are
discussed in detail.

Early investigators used physiologic saline solutions for the
cul ture of Ascaris, but more recent workers have developed media that are
based on analysis of inorganic components of the worm's body fluid (3)
and pig intestinal contents (74, 75, 80, 81). The pH of Ascaris body
fluid is near 7 (79), so most media have been adjusted to neutrality.

The presence of CO0, and bicarbonate in the medium seems to have bene-

L



ficial effects on Ascaris, possibly by aiding in the regulation of
intracellular pH (20). The beneficial effects of CO, seems to be
enhanced at high pH values (76) which indicates that C0, may be util-
ized for some function other than for pH regulation. CO2 fixation
reactions, such as the formation of propionate and succinate (14, 130,
142) may be important reactions in Ascaris metabolism.

The small intestine of the hog is always found to contain gas at
the time of slaughter. Analyses of samples of the intestinal gas reveal
that it is composed of 7.6-29.6 per cent co,, 0.4-8.8 per cent 02 and
the remainder N, (21, 103). Studies with other animals indicate that

oxygen levels are higher near the mucosa than in the center of the

lumen of the intestine (126). |t has not been establ ished whether
Ascaris is dependent upon the small amount of oxygen available in vivo

or if it normally exists as a completely anaerobic organism. The use
of hydrogen acceptors other than oxygen is widespread in intestinal
parasites, however, all parasites will take up oxygen when it is avail~-
able (121). Ascaris can survive in vitro for several days in the
absence of oxygen (33, 144) but it is capable of less muscular activity
than when it is in air (138). There is some evidence that high oxygen
tensions are toxic to Ascaris (96). Oxygen consumption by Ascaris is
related to oxygen tension (96, 118), however, there is no increase in
gl ycogen consumption in the absence of oxygen (15, 19, 107). When COZ
production is used as an index of metabol ism, Ascaris has a higher rate
of metabol ism when oxygen is absent and when the medium contains 002.
plus potassium, ammonium, sul fate, phosphate and bicarbonate ions (74).
Baldwin and Moyle (3) found that worms exposed to temperatures be-

low 3000. underwent an irreversible change so that they were unsatis-



factory for measuring the effect of drugs, however, the nature of these
deleterious changes is unknown. Since the body temperature of hogs is
near 37°C. it s common practice to incubate the worms at this tempera-

ture.
Carbohydrates

Content: Ascaris lumbricoides as well as most other parasitic worms,

contains large quantities of carbohydrates compared to vertebrates (121).
The glycogen content of Ascaris is reported to be 5.3 per cent to 8.7

per cent of the fresh body weight‘(19, 143). Trehalose is the most common
disaccharide (57). Reducing sugars amoLnt té less than 0.1 per cent of
the fresh body wéight (35). Fairbairn and Passey (57) reported the
followjng concentrations of glycogen and trehalose in the various tissues

of Ascaris females:

TOTAL ALKAL!-STABLE CARBOHYDRATE IN ASCARLS TISSUE

% Tissue Weight

Tissue Total Glycogen Tfehalose

hemo!lymph 1.17 0.40 0.77
intestine 0.84 0.70 0.14
muscle 17.2 15.4 1.8
integument 0.75 0.61 0.14
ovaries ' 8.4 7.6 0.80
uteri 3.5 2.0 1.5

Most of the carbohydrate reserve of the animals Is stored in the muscle
tissue, however,; the ovaries also contain relatively large amounts of car-
bohydrate.

Synthesis of Glycogen and Trehalose: The body wall of Ascaris is




impermeable to glucose (109), however, glucose, fructose, sorbose, maltose
and sucrose are absorbed through the worm's intestine and may be used in
glycogen synthesis (37, 51, 79, 87, 109, 145). Lactose, mannose and
galactose added to the medium did not stimulate glycogen synthesis (37).
Trehalose synthesis has been demonstrated by tissue minces and homo-
genates under 95% N2/5% co, (59) .

Glycolysis: The Embden-Meyerhof pathway is the major route of break-
down of carbohydrates in Ascaris (51, 119, 127) as well as in the tape-
worms (120). Some carbohydrate breakdown is by way of the pentose-
phosphate pathway (45, 50). |In some parasitic worms lactic acid is the
major end product of anaerobic glycolysis just as it is in mammals (24,
69, 97, 122), however, in Ascaris lactic acid is a relatively minor end
product and volatile fatty acids are produced in large quantities (19).
When Ascaris is returned to air, following a period of 20 hours under
anaerobic conditions, it is able to resynthesize only 1/20 to 1/10 of
the glycogen used compared to vertebrates which are able to resynthe-
size 4/5 to 5/6 of the glycogen used (16, 17). This may be the result
of the formation of volatile fatty acids by Ascaris instead of lactic
acid as in the vertebrates.

Tricarboxylic Acid Cycle: The high production of volatile fatty

acids by Ascaris may be related to the lack of a complete tricarboxylic
acid cycle. The complete tricarboxylic acid cycle has been demonstrated
in Ascaris larvae but attempts to do so in adult Ascaris have been un-
successful (43). Certain of the intermediates in the tricarboxylic

acid cycle such as, 2-oxoglutarate, fumarate, and l-malate stimulate

oxidation, but citrate, cis=aconitate, oxalacetate and pyruvate with or



without added oxalacetate do not stimulate oxidation (118). Kmetec and
Bueding (92) demonstrated that Ascaris succinic dehydrogenase catalyzes
the reduction of fumarate at a much higher rate than the oxidation of
succinate. They postulated that fumarate is an important hydrogen
acceptor in the electron transfer system. The presence of 8.4 mM, of
succinate in the perienteric fluid suggests that succinate formation
plays an important role in Ascaris metabolism (30). Evidence has been
presented for the formation of succinate by co, fixation with both
pyruvate and propionate (130). Succinate formation from malate may be
important as a source of energy since it has been shown that the dis-
mutation of malate resulting in the fofmation of equi-molar amounts of
pyruvate and succinate does not require oxygen and results in the pro-
duction of high energy phosphate (137). The association of energy pro-
duction with succinate formation was also suggested by the finding that
the concentration of piperazine which paralyzed the worm also inhibited
the formation of succinate (31). Ascaris does produce high energy phos-
phate, however, Rogers and Lazarus (127) were unable to find any of the
usual phosphogens.

The association of NAD (nicotinamide adenine dinucleotide), NADP
(nicotinamide adenine dinucleotide phosphate) and FAD (flavin adenine
dinucleotide) with dehydrogenases found in Ascaris mitochondria has been
established (26, 28, 29, 39, 129), however, cytochrome c and cytochrome
oxidase are not present in the electron transfer system (26, 28, 38).
Some elements of the cytochrome system are present in low amounts in the
adult while others such as cytochrome c;, a and a; are not present in the

tissues of adult worms (38, 89, 90). The insensitivity of oxygen uptake



by muscle pulp to cyanide and 2,4-dinitrophenol along with oxygen uptake
being dependent on oxygen tension suggests that the terminal oxidase is
a flavoprotein (73,92, 96, 137). It has been noted that the sperm and
eggs do contain some cytochrome (86) and during embryonation and early
development of the larvae there is rapid development of a cytochrome
system (42, 44, 91, 113). The tricarboxylic acid cycle has been found
to be complete in the developing eggs (43, 114).

Volatile Fatty Acidst Bunge (33) in 1890 was probably the first
to attribute the odor of a cul ture of Ascaris to the production of
volatile fatty aicds. Since that time many investigators have identified
steam-volatile fatty acids present in the medium in which Ascaris had
been cultured and in extracts of Ascaris tissues. Most investigators
have agreed that the 5-carbon and 6-carbon acids are the most abundant
volatile fatty acids with smaller amounts of acetic acid, propionic
acid and butyric acid also being present (6, 25, 32, 48, 52, 62, 76,
95, 108, 111, 141, 144). The major portion of the 5-carbon acid is
2-methylbutyric acid (6, 108, 132) and most of the 6-carbon acid is
2-methylvaleric acid (6, 128, 133, 146) . Two unsaturated volatile
fatty acids, acrylic acid and tiglic acid, have been identified as
minor components of the volatile fatty acids (25, 62).

In 1901, Weinland (144) linked volatile fatty acid production to
carbohydrate metabolism. The production of volatile fatty acids was
found to be 1.16-1.82 meq. per 100 grams of body weight per 24 hours
of fasting (52) and 2.5-4.0 meq. per 100 grams of body weight per 24
hours in the presence of glucose (32). Further evidence of carbohy-

drates being the source of fatty acids was provided when it was shown
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thgt guccinate is directly de;a(boxylated tq_fqrm propionate and C0p
(130)._ It has also been shown that 2-methylbutyrate and 2-methylvaler -
rate are synthesized by the combination of a molecule of acetate and a
mole;u}e Qf propionate or two molecules of propionate {132, 133).
Simi)ar condensation has been shown with bacteria in the formation of
the 2l-carbon branched chain lactone erythromycin (85) and in the for-

mation of corynomycolic acid by Corynebacteria (65). The possibility

that volatile fatty acids may be produced from amino acids by oxidative

deamination followed by oxidative decarboxylation has been postulated,

however, there is no experimental evidence to support this postulate (108).
A qualitative difference in the volatile fatty acids produce& in the

presence and absence of oxygen has been reported (76). Under 93%

N2/7% COZ the 4~carbon and 5-carbon acids increased to a greater extent

than the others; in air the 2-carbon and 3-carbon acids increased rela-

tive to the other volatile fatty acids.
Lipids

The lipid content of Ascaris lumbricoides has been extensively

studied, however,little is known concerning the worm's abiiity to
metabol ize such compounds.

Lipid Content: Adult female Ascaris lumbricoides contain a rela-

‘tively large amount of 1ipid estimated to be from 1.46% to 1.75% of the
wet body weight {18, 53, 62, 144)., The variation in determinations is

due to differences in methods used to extract the lipids. The repro-
ductive tract represents a much smaller proportion of the body weight than

the body wall but contains 66% of the total 1ipid whereas the body wall
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contains only 20% (53). On a dry weight basis, the body wall is 2.8%
lipid and the reproductive tract is 27.2% lipid (53).

Analysis of lipids of Ascaris shows that phospholipids account for
a larger proportion of the lipid in the body wall than in the reproductive
system (54). The fatty acids of the triglycerides accounted for 46.8%
of the lipid in the body wall (54) and 64.8% in the reproductive system
(53). The most abundant esterified volatile fatty acids are 2-methyl-
valeric acid, and acetic acid (6) . The most abundant esterified non-
volatile fatty acids are hexadecanoic, octadecadienoi¢; octadecaenoic,
octadecanoic acids and an unknown high molecular weight fatty acid (6).
The unsaponifiable material includes sterols (36, 53, 54, 65) and
ascaryl alcohols which are particularly abundant in the reproductive

system (53, 54, 58, 62, 64, 98, 136).

Lipid Metabol ism: Evidence of lipid metabolism in Ascaris is
meager. Weinland (144) and von Brand (15, 18) found no change in total
lipid following starvation of the worm for as long as 5 days. Mueller
(109) reported that small pieces of lateral line tissue cultured in
Hang%ng dréps for as long as 8 days were apparently able to catabolize
lipids since histological examination showed a decrease in lipid con-
tent following starvation. Hirsch and Bretschneider (78) found a decline
in lipid droplets and some evidence of redistribution of fat in the
cells of the intestinal wall following starvation of the worms in
physiologic salt solutions. Schulte (135) measured total lipid follow-
ing starvation of the worm and found an increase éf 0.1 gn./100 gm.
body weight after 24 hours. Esterases have been found in several

tissues from Ascaris (34, 99, 125). Experiments with developing Ascaris
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embryos and larvae have shown that some of the stored lipid is con-
verted to glycogen during development (57, 115), however, this has not
been demonstrated in adult worms.

The above reports indicate that the lipids in some tissues of
Ascaris are in a dynamic state, however, the results obtained with whole
worms indicate that there is no change in total lipid. It is important
that studies be made to establish the capability of Ascaris to synthe-
size and catabolize lipids.

Fatty Acid Oxidation: Fatty acid oxidation has not been examined

in Ascaris lumbricoides. Most of what is known of fatty acid oxidation

has been gained from work with mammalian tissues. Oxidation of fatty
acids by mammal ian tissue has been shown to be a function of the mito-
chondria (2, 100, 101, 102, 104, 110, 117, 134). It has been shown
that an extract of the acetone powder of mitochondria contains the
enzymes required for fatty acid oxidation (70).

Oxidation of fatty acids has been shown to require ATP (adenosine
triphosphate) (100, 117) and CoA (coenzyme A) (46) although Green and
Wakil (72) report that CoA generally had no stimulating effect on
mitochondrial preparations. Oxidation of fatty acids with carbon
skeletons containing 12 carbons or more was stimulated by the addition
of tricarboxylic acid cycle intermediates such as fumarate or succinate
(88, 94), however, the oxidation of fatty acids with shorter carbon
skeletons was not affected by the presence of these intermediates. |t
has been postulated that the effect of tricarboxylic acid cycle inter-
mediates was due to an extra-tricarboxylic acid cycle action (105).

The amount of fatty acid broken down by liver slices in the presence
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of malonate was not changed,but less was oxidized to C02 and more was
converted to acetocetate than in the absence of malonate (67).
Oxidation of most fatty acids proceeds through beta oxidation, the
successive cleavage of two carbon units from the carboxyl end of the
molecule (2, 72, 134). There are indications that propionic acid,
isocaproic acid (70) and 2-methyl acids (40) are not oxidized by beta
oxidation. In mammals the branched chain 2-methylbutyric acid is cleaved
to form a molecule of acetate and a molecule of propionate in a manner
similar to beta oxidation by a series of reversible reactions (41, 124).
Propionyl CoA is converted to pyruvate by carboxylation forming first
methylmalonyl CoA (8, 60, 61) which is then converted to succinyl CoA
by a transcarboxylation reaction (9). Giovalelli and Stumpf (68)
proposed on the basis of their work with peanut cotyledons that pro-
pionate is oxidized to acetate and carbon dioxide. Saz and co-workers
(128, 129, 130, 131, 132, 133) have shown that in Ascaris the forma-
tion of 2-methylbutyrate, 2-methylvalerate, propionate and succinate
follow steps that are essentially the reverse of those discussed above.
In view of the large decrease in the glycogen content in Ascaris
during starvation it seems reasonable to assume that the bulk of the
energy produced in this parasite is the result of carbohydrate cata-
bolism. The presence of large quantities of neutral lipid fatty acids
and the presence of a lipid catabolizing system in the embryos leads
one to postulate that adult Ascaris is capable of lipid catabolism. It
was the purpose of this study to determine whether Ascaris uses a
measurable amount of lipid when starving, and to determine if the

mitochondria are capable of oxidizing fatty acids.



CHAPTER 111l
MATERIALS AND METHODS

This study was divided inte three experiments. 1In the first experi=
ment, the total lipid in the body wall and reproductive system of indi~-
vidual worms was measured following starvation of the worms. The worms
were incubated in a non-nutrient medium under Nz, 95% N2/5% 002, air and
95% air/5% CO2 for specified periods prior to the extraction of lipids
from the tissues. In the second experiment, qualitative and gquantita-
tive measurements were made of the fatty acids of the saponifiab|é neuﬁra[
lipids of the body wall, ovary=-oviduct tissue and the uterus plus eggs
following starvation. The worms used in this experiment were incubated
in @ non-nutrient medium under 95% N2/5% CO2 and 95% air/5% co,. Al-
though the worms were incubated individually the tissues from a number
of worms were pocled prior to the extraction of the lipids teo enable
more accurate measurement of the quantity of individual fatty acids in
the various tissues. The fatty acids of the saponifiable neutral 1ipids
~ of each of the pooled samples were isolated and analyzed by gas-liquid"
chromatography. In the third experiment, the rate of fatty acid oxida-
tion by mitochondria from Ascaris muscle tissue was determined by mea-
suring the rate of reduction of 2,6~dichlorophenol indophenol which was:
added to the incubation system,

All worms used.in this study were collected at the Wilson Packing

Company plant in Oklahoma City. They were washed in warm tap water at

14
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the time of collection and transported to the laboratory in a salt
. . . o o) ;
solution maintained between 34 C. and 39‘C. The salt solution used

was modified after Harpur (75) and contained:

. Nacl 61  mM,
NaHCO3 60 mM.
Kcl 2L mM,
caCly 1 mM .
MgSoy 5 mM.
KHZPoq 0.5 mM.
NH4C| 14 mM.

The amount of bicarbonate included in this medium was increased over

that used by Harpur (75) to maintain the pH near 7.3.
First-Expériment: Total Lipid

Culture: In the first set of experiments the total lipid in the
body wall and reproductive tract of individual worms was determined
after starvation undeﬁ air, 95% air/5% co,, N, and 95% NZ/S% co, for
periods of | to 8 days.

Individual worms were weighed to the nearest 0.05 gm. and placed
separately into large test tubes containing 40 ml. of the salt solution.
The tubes were connected in series of 5 by glass and rubber tubing so
that the appropriate gas could be bubbled through the salt solution.
The tubes were placed in a water bath at 37°C. and the salt solution
was changed every 24 hours. Worms that failed to survive were removed
each day, The eggs from each worm were collected daily and stored

separately for lipid analysis,

Lipid Extraction: At the end of the specified period of starvation
worms were removed individually from the test tubes and a longitudinal

incision was made in the body wall, The digestive tract was carefully
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removed and discarded. The reproductive system was removed, blotted

on paper towel ing and weighed to the nearest 0.001 gm. The body wall
was also blotted on paper toweling and then weighed to the nearest 0.00l]
gm. Lipids were extracted from the separate tissues according to the
technique of Folch gi‘gl. (63). Lipids from the eggs produced by each
worm were extracted with two 5 ml. portions of chloroform:methanol

(2:1, v/v) and added to the lipids extracted from the reproductive
system. The lipid extract was quantitatively transferred to a tared

100 ml. beaker and the solvent was evaporated from the lipids by direct-
ing a stream of warm air over the beakers. The weight of the total
lipids was determined to tbe nearest 0.1 mg. by difference.

Statistical Analysis: The total lipid determinations from the

first experiment were carried through the following statistical analysis.
The mean value for the lipid content of the body wall and reproductive
system plus eggs for each experimental group and for the control group
of worms was calculated and the standard error was determined for each
mean. The mean values of the lipid content of the body wall and re-
productive system plus eggs of the worms in each experimental group

were compared with the mean values of the lipid content of the comparable
tissues of the worms in the control group. The mean values of the

total lipid in each of the tissues of worms starved under aerobic con-
ditions were compared with the mean values of the total lipid in the
comparable tissue of worms starved under anaerobic conditions. The

mean values of the total lipid of each of the tissues of worms starved

in atmospheres containing 002 were compared with the mean values of

the total lipid of the comparable tissues of worms starved in atmos-
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pheres not containing CO,. The mean value of the total lipid in each of
the tissues following 2 days starvation was compared with the mean values
of‘the total lipid content of the comparable tissues from worms starved
for_different periods of timé under the same atmosphere. The change in
total lipid during starvation did not appear to follow the same pattern
in the two tissgés. In an effort to determine the ''overall'' lipid change
in starving'Ascarig the total lipid values for the body wall and repro-
ductive system plus eggs from each worm weré summed. These ‘'combined
lipid values' were treated to the above statistical analysis.

Differences between mean values were evaluated for significance at
the .1, .05, and .01 levels by the lsd (least significant difference)
method. Three series of lsd values were calculated; one for the body
wall values, one for the reproductive system plus eggs, and one for the
'combined 1ipid values.' The lsd values for ea;h series were calculated
és described below. The variance (sz) for all the values of lipid con-
tent was calculated. Since the number of worms (n) represented by each
of the mean values was not the same, the standard deviation of the mean
values (sa) for each possible comparison was calculated by the following

formula:

= 52 M1+"9
AR
The lsd for each possible comparison was calculated by the formula

= Isd.

ts

~ 1

Table A.3 in Steele and Torrie (140) was used to determine the appro-

priate t values. The degrees of freedom of t was 159, since there was
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a total of 177 observations and 18 means were calculated. Appendix B

includes the calculated lsd values for all possible comparisons.
Second Experiment: Fatty Acids

The second set of experiments was designed to determine the changes
that occurred inthe fatty acids of the neutral lipid esters during

starvation of adult female Ascaris lumbricoides in 95% N2/5% €0, and

95% air/S% COZ’ The tissues analyzed were the body wall, ovary-oviduct
and uterus plus eggs. Tissues from a number of worms were pooled to
accumulate enough lipid so that minor components might be more accurate-~
ly measured.

Culture: The worms were cultured as in the first set of experi-

AN
ments.

Lipid Extraction and Purification: The lipids were extracted from

t al. (63). sSilicic acid column

Preeriety

the tissues as described by Folch,
chromatography was used to separate the neutral lipids from the phos-
pholipids (6, 12). Recovery of lipids from the silicic acid column
as determined by‘gravimetric means was 96.3%. Separation of neutral
lipids from thé phosphol ipids was checked by assaying for total phos-
phate before and after column chromatography using the method described
by Bartlett (5) as modified by Bottcher, et al. (13). The phospholipids
were discarded without further analysis.

The neutral lipids were saponified and the soaps were removed from
the unsaponifiable lipids by means of the method by Schulz and Becker
(136) as modified by Fairbairn {53). The soaps were acidified with

10 N sulfuric acid and steam distilied to separate the volatile fatty



acids from the mixture. The quantity of volatile fatty acids was de-
termined by titration of the distillate with 0.01 N NaOH assuming the
average molecular weight of the volatile fatty acids to be 100. The
volatile fatty acids were stored as dry sodium salts until prepared for
gas~liquid chromatography. The non-volatile fatty acids were extracted
from the saponification mixture by four successive washings in a separa-
tory funnel with equal volumes of ethyl ether. After drying over
Nazsou the ether was evaporated and the non-volatile fatty acids were
weighed to the nearest 0.1 mg. The non-volatile fatty acids were

stored in petroleum ether under nitrogen at -20%.

Gas-Liquid Chromatography
Fatty acids were analyzed on a Barber Colman model 15 gas chro-
matograph using a 6 ft. (4 mm., |. D.) U shaped column. Argon was the
carrier gas and the instrument was equipped with a beta ionization
detector.

Volatile Fatty Acids: Free volatile fatty acids were prepared

by the method of Gehrke and Lamkin (66) and stored in ethyl ether under
nitrogen at -20%c. until analyzed. The free volatile fatty acids were
analyzed on a column packed with Gas Chrom CLP* (100-120 mesh) coated
with 50% DC 550 with 15% stearic acid. The column temperature was
IOODC., the detector temperature was ]4500. and the flash heater was
operated at 178°C. The gas flow rate was 190.2 ml, per minute as
measured by a soap film flow meter.

Non-volatile Fatty Acids: Methyl esters of the non-volatile

acids were made using the BF3 reagent and following the procedure

*Applied Science Laboratories, Inc. State College, Pennsylvania
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outlined by Metcalf and Schmitz (106). The methyl esters were stored
in hexane under nitrogen at -20%c. until analyzed. MA ;olumn packed with
Gas Chrom CLH* (100-120 mesh) coated with ethylene glycol succinate
(14.5%) was used to analyze the non-volatile fatty acid methyl esters.
The column temperature was 17800., the detector temperature was ZISOCw
and the flash heater was operated at 260°¢. The gas flow rate was
91.2 ml. per minute. For aid in identification of some of the methyl
esters of the non-volatile fatty acids, a few samples were also run on
a column packed with Gas Chrom CLH* (100~120 mesh) coated with Apiezon
L (20%). The column temperature wés 200°C., the detector temperature
was 22500o and the flash heater was operated. at 24000. The gas flow
rate was 90 ml. per minute. The methyl esters were identified by com-
parison with known standards and by semilog plots of the relative re-
tention times versus the number of carbon atoms in the acid (78, 83,
84, 85). Percentage composition of the fatty acids in each sample was
deterhined,by measuring the area of each elution peak by the triangu-

lation method.
Third Experiment: Fatty Acid Oxidation

This series of experiments was conducted with unstarved Ascaris
and was designed to determine the ability of mitochondria isolated
from muscle tissue to oxidize fatty acids. An attempt was made to
identify volatile fatty acid end products of the oxidation.

Mitochondria Preparation: Mitochondria were isolated in a manner

t al. (93). Muscle strips were pre-

—

similar to that used by Kmetec,

*Applied Science Laboratories, Inc, State College, Pennsylvania
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pared as described by Laser (96), weighed, cut into small pieces, and
homogenized with either an all-glass Ten Broeck homogenizer or a Potter-
Elvejehm homogenizer with a motor driven Teflon pestle. All samples were
prepared in 0.25 M sucrose usiﬁg L ml. of sucrose per gram of tissue.

The homogenate was centrifuged at 500-550 g (gravity) for 15 minutes.

The sediment was discarded and the supernatant centrifuged at 12,000~
12,500 g for 30 minutes. The pellet was resuspended in | ml. of 0.25

M sucrose per gm. of muscle tissue and centrifuged at 12,000-12,500 g

for 30 minutes. The last step was repeated once and the final pellet

was suspended in 1 ml. of 0.25 M sucrose per gm. of muscle tissue,

Incubation and Assay: Fatty acid oxidation was determined by

measuring the reduction of 2,6-dichlorophenol indophenol based on the
technique described by Ells (47). A similar system has been used to
measure butyryl coenzyme A dehydrogenase activity (71). Various pre-
parations of Ascaris muscle were used including, homogenate, cell debri
sedimented at 500 g, supernatant after removal of mitochondria and the
mitchondria. A few samples of homogenate and mitochondria were placed
in the refrigerator for as long as 48 hours prior to use and others were
placed in a deep freeze at -20°c. for 24 hours.

The reaction was started by adding an aliquot of one of the muscle
preparations to a test tube containing 60 yMoles phosphate buffer pH
7.3, 10 pMoles MgCl,, 10 yMoles KCN, 1.53 x 10~/ M 2,6-dichlorophenol -
indophenol, 1.15 mg. of phenazine methosul fate, substrate and distilled
water to make a final volume of 6 ml. Dye reduction was measured at 600
millimicrons in a Colman, Jr. spectrophotometer. Tests were run to

determine the optimum pH of the incubation mixture, the optimum enzyme
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concentration, the appropriate substrafe concentration and the effect of
variou5 substancgs including, ATP,.COA, cytochrome c, succinate, fumarate,
malonate, and bicarbonate@ The rate of oxidation of the sodium salts

of acetic, propionic, butyric, 2-methylbutyric, 2-methylvaleric, hepta-
noic, palmitic and oleic acids were measured in the course of the experi-
ment .

End Product Analysis: The determination of end products was done

with larger scale incubations. Mitochondria isolated from one to
thirty grams of muscle tissue were added to flasks containing up to

60 mi. final volume including the acid substrate, phosphate buffer and
potassium cyanide. Incubations were carried out in 125 ml. flasks in
a water bath maintained;at 3706, Nitrogen was flushed through some

of the flasks during incubation and compressed air was flushed through
other flasks to determine the effect of oxygen on the amount of dye
reduced. The dye 2,6-dichlorophenolindophenol was added as it was re-
duced since Drysdale and Lardy (46) reported that large quantities of
the oxidized dye are inhibitory. When dye reduction stopped, the re-
action mixture was centrifuged at 12,000-12,500 g for 30 minutes to
remove the mitochondria which were discarded. One ml, of 4,75 N NaOH
was added to the supernatant and it was evaporated to a volume of 0.5~
1.0 ml. Fatty acids were extracted as described by Barker (4) and
identified by silicic acid chromatography (49) and paper chromatography
(123). The paper chromatograms were exposed to ultraviolet light to
detect unsaturated compounds. Acid spots on the paper chromatograms
were detected by a modification of the method used by Osteux, et al.

(112) using 0.2 gm. of phenol red in 15 ml. H,0 plus 70 ml. of ethyl
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alcohol and 0.3 mi, of 1.0 N NaOH. 'Theuindicator was mixed 5:1 (y/v)__v

with'Q.IZSVM tris buffer pH 9.0 in 2vparts‘H20 and 1 part ethyl alcohol

before use. The spots were stable for over 48 hours.



TABLE |

TOTAL LIPID OF THE BODY WALL AND REPRODUCTIVE SYSTEM OF FEMALE ASCARIS LUMBRICOIDES FOLLOWING
STARVATION IN AIR, 95% AIR/5% CO,, Ny AND 95% N2/5% CO ¥

Group Number of Woiis Body Walil Reproductive combing |
in Each Group Tract

Mean S.E.¥** Mean Sk, Mean S.E.

mg % m mg % :
CONTROL 20 335.44 11.27 lngf%ﬁ 59.32 Ih93.56 58.56
NITROGEN
Day 2 9 570.03 38.08 1533.47 79.26 2102.49 82.65
Day 4 10 442,90 15.83 1588.63 85.99 1961.54 93.88
Day 6 3 417.62 35.52 1420.58 143.47 1838.22 136.2]1
NZICO2
Day 1 10 358.86 25.97 1496.59 53.86 1855.46 54.48
Day 2 9 331.80 14,44 1683.29 72.95 2015.09 81.79
Day 3 10 312.01 8.03 1280.45 75.7) 1592.38 70.96
Day 4 10 356.26 17.15 1456,28 74.87 1812.55 62.62
Day 6 10 338.11 14.85 1480.38 98.53 1818.83 90.05
Day 8 6 356.14 32.43 1372.34 105.18 1728.47 105.59
AlR
Day 2 10 309.11 8.76 1516.49 100.44 1825.60 100.10
Day 4 10 320.84 17.01 1446.59 102.08 1767.43 104,48
Day 6 10 391.40 17.85 1347.18 73.83 1737.52 78.29
AlR/CO2
Day 1 10 334.99 21.50 1500.35 96.18 1835.34 105.75
Day 2 10 375.18 18.03 1454, 49 103.74 1829.68 101.64
Day 3 10 337.54 10.43 1528.21 62.84 1865.75 61.42
Day 4 10 337.22 15.29 1332.27 105.52 1679.50 93.37
Day 6 10 306.18 17.85 1535.49 114.09 1841 .67 115.33

*mg%-mg 1ipid/100g body weight #%§ E,-standard error of mean

*¥*Values calculated from data listed in Appendix A.
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TABLE {1

LEVEL OF SIGNIFICANCE OF THE DIFFERENCE
BETWEEN MEANS BASED ON THE Isd

Control’ Vs, Day 2 Vs, other Alr Vs,N2 CO2 ¥s. No CO2
all other means ~days in same :
o ' treatment

Body Reprod. - Body Reprod. Body Reprod. Body Reprod,

Wall Tract’~ Comb. Wall  Tract Comb. Wall Tract Comb, Wall Tract Comb,
N :
22 .01 01 01 - - -
4 01 01 .01 .01 ns ns
6 .05 ns . 05 L0l ns .05
ﬁ2/5% CO2
1 ns 01 FN 0 ) ns ns ns
2 ns 01 .01 - - - .01 ns ns
3 ns ns ns ns .01 .01
L ns .01 .01 ns .1 ns .01 ns ns
6 ns .01 .01 ns ns ns .05 ns ns
8 ns .1 . 7 ns .05 .05
AIR
2. ns .01 .01 - - - .01 ns .05
4 ns .01 .0l ns ns ns .01 ns ns
6 .05 | .01 .01 ns ns ns ns ns
AtR/5% CO2
1 ns .01 .01 ns ns ns ns ns ns
2 | .01 .01 - - - ns .1 ns 05 ns ns
3 ns .01 .01 ns ns . ns ns .05 .05
L ns ns | ns ns ns ns ns ns ns ns ns
6 ns .01 .01 .01 ns ns ns ns ns .01 ns . ns

ns-not significant

97
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lipid content of the body wall of worms starved under an atmosphere of
air was significantly higher on day 6 than that of the control group,
but on days 2 and 4 did not vary significantly from that of the control
group. The total lipid in the body wall on day 2 when the worms were
starved under 95% air/5% CO2 was significantly higher than the value

in the control worms. The values for days 1, 3, 4 and 6 were not sig-
nificantly different from the control group.

A comparison was made between the lipid content of the body wall of

worms staryed under aerobic and anaerobic conditions. When CO, was not

2
included in the-ltmosphere under which the worms were starved, the lipid
content of the body wall under anaerobic conditions on days 2 and 4 was
significantly higher than under aerobic conditions. On day 6 there was
no significant difference. When CO2 was included in the atmosphere
under which the worms were starved, there was no significant difference
in the lipid content of the body wall under aerobic and anaerobic
conditions.

The effect of CU2 on the lipid content of the body wall was deter-
mined by comparing the mean values obtained using worms starved under
atmospheres containing CO2 with those of worms starved in the absence
of COZ' Under anaerobic conditions the lipid content of the body wall
was significantly lower when €0, was included in the atmosphere than
when it was absent. Under aerobic conditions the lipid content of the

body wall of worms starved under an atmosphere containing C0O, was

2
significantly higher on day 2 than the lipid content of worms starved
in the absence of 002. On day 4 there was no significant difference.

On day 6 the body wall of the group starved under aerobic conditions in
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the presence of ch contained significantly less 1ipid than the body wall
of the group starved in the absence of COZ'

Reproductive System Plus Eggs: The reproductive system plus eggs

is referred to as the reproductive system throughout the remainder of
this discussion., The total lipid in the reproductive systems under the
experimental conditions are shown in Figure 2, All values for total
lipid in the reproductive system under various experimental conditions
are higher than the control value, however, the difference is not signi-
ficant for 3 values (see Table I1). These are: day 6 under N,, day 3
undgr 95% HZ/S% co, and day 4 under 95% air/5% co,. The graph in Figure

2 shows that under NZ’ 95% N2/5% €0, and air there was an increase in

2
lipid in the reproductive system the first few days of starvation follow=
ed by a decline. Under 95% air/5% CO2 the lipid content did not decline
after the initial increase.

There was no significant difference between the total lipid of the
reproductive system of worms starved under aerobic conditions and the
total lipid of the reproductive system of worms starved under anaerobic

conditions when C0, was not included in the atmosphere under which the

2
worms were starved. When COZ was included in the atmosphere, there was
a significantly greater amount of lipid in the reproductive system on
day 2 under anaerobic conditions than under aerobic conditions. On day
3, when CO2 was included in the atmosphere, there was a significantly
smaller amount of lipid In the reproductive system under anaerobic
conditions than under aerobic conditions. There was no significant

difference in lipid content of the reproductive system on days 1, 4

and 6 when I:O2 was included in the atmosphere under which the worms were
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starved. There was no significant difference between the mean values of
the total lipid of the reproductive systems of worms starved in the pre=-
sence and absence of CO2 under either aerobic or anaerobic conditions.

Combined Results: The total lipid of the body wall and reproductive

system combined are illustrated in Figure 3, When the results were com-
bined the total lipid under all experimental conditions except day 3
under 95% "2/5% CO2 were significantly higher than that of the control
worms .

A comparison of the combined results under aerobic and anaerobic
conditions reveals few significant differences. When C02 was not in-
cluded in the atmosphere under which the worms were starved, there was
a significantly greater amount of lipid in the combined tissues under
anaerobic conditions on day 2 than under aerobic conditions. The
difference was not significant on days 4 and 6. When €0, was included
in the atmosphere under which the worms were incubated, there was
significantly less lipid in the combined tissues on day 3 under an-
aerobic conditions than under aerobic conditions. The difference was
not significant on the other days. A comparison of the results in the
presence and absence of C02 indicated that inclusion of CO2 in the
atmosphere under which the worms were starved had no significant effect
on total lipid in the combined body wall and reproductive system.

Discussion: The results of this series of experiments indicate that
there was an increase in lipid in the reproductive system during
starvation under both aerobic and anaerobic conditions. The results
for the body wall are variable, but when the difference from the con-

trol value was significant the means of the experimental groups had
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higher values than the mean of the control group. This indicates that
lipid was synthesized by Ascaris even during starvation. Previous in-
vestigators have found no change in total lipid in the whole worm during
starvation under aerobic and anaerobic conditions (15, 18, 144), except
Schulte (135) Qho found an increase in total lipid of 0.1 gm./100 gm.
body weight per 24 hours under anaerobic conditions. The glycogen con-
tent of Ascaris decreases during starvation (16, 17, 144), so the in-
crease in lipid in the tissues observed in this investigation could have
been the result of conversion of carbohydrate to lipid. Most of the
increase in lipid during starvation of Ascaris occurred in the repro-
ductive tract. This was probably related to the high rate of incor-
poration of lipid into eggs. Fairbairn (55) has estimated that in vivo,
Ascaris females incorporate approximately 16 mg. of lipid per day into
eggs. Production of eggs may continue for as long as 48 hours during
starvation.

Some previous investigators have found cytological evidence of
lipid mobilization in lateral line tissue and in the intestinal wall
during culture of these tissues (78, 109). Mobilization of lipid may
have occurred in this experiment, however, the only indication of
possible mobilization in the body wall was when the worms were starved
under atmospheres of N, and 95% air/5% C0,. Under both atmospheres the
lipid content of the body wall was highest on day 2 but was signifi-
cantly less by day 6. This indicates that under these conditions 1lipids
were synthesized more rapidly than they were mobilized during the first
two days of starvation but later they were mobilized more rapidly than

they were synthesized. A similar effect was noted in the reproductive
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system when the worms were cul tured under 95% NZ/S% CO2 and air.
Second Experiment: Fatty Acids

The purpose of the second series of experiments was to determine
if there are changes in the relative amounts of specific lipid fractions
in the body wall, ovary-oviduct and uterus plus eggs as the result of
starvation of the worms under an atmosphere of either 95% air/5% 602
or 95% N2/5% COZ' The lipid fractions measured were total lipid,
neutral lipid, phospholipid, and the fatty acids of the saponifiable
neutral lipids. The fatty acids were subjected to qualitative and
quantitative analysis by gas-liquid chromatography.

Fatty acids of the saponifiable neutral lipids were examined in
greater detail than were the other lipid fractions since this lipid
fraction was thﬁught to be the most likely fraction to be mobilized
during starvation of the worm. Results of the quantitative analysis
of the lipid fractions of the tissues are tabulated in Appendix C and
are graphically illustrated in Figures 4 through 8. Statistical
significance of the differences noted could not be determined since
there was only one replication of each treatment.

TJotal Lipid: Total lipid in the body wall, ovary-oviduct and
uterus plus eggs of the control group and of the groups subjected to
the various experimental treatments is graphically illustrated in
Figure 4. The lipid content in the body wall (Figure 4a) and ovary-
oviduct tissue (Figure 4b) following starvation under both aerobic
and anaerobic conditions was about the same as the control value for

these tissues. The lipid content of the uterus plus eggs (Figure lic)
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after 2 days starvation under aerobic conditions was about 50% greater
than it was in the control group. After L4 days of aerobic sta}Qation the
)ip}d content of this tissue was»3h%_higher than it was in the control
group. When the worms were starved for periods of 2 and 4 days under
anaerobic conditions the lipid content of the uterus plus eggs was near
the control value. When the values for aerobic conditions are inspected
in Figure 4d, it is obvious that at the end of 2 days starvation the
to;a] lipid is 15% higher than the control value. After worms had been
starved for 4 days under these environmental conditions the total lipid
content of the tissues was similar to that of the control group. Under
anaerobic conditions the total Iipid of the combined tissues on day 2
was 9% less than in the control group but on day &4 it was about the same

as in the control group.

Neutral Lipid; The neutral lipid content of the body wall, ovary-
oviduct and uterus plus eggs under the variousbexperimental conditions
is graphically illustrated in Figure 5. The neutral lipid in the body
wall appeared to decrease with time during starvation under both
aerobic and anaerobic conditions. Under aerobic conditions the neutral
lipid content of the body wall on day 4 was 84.9 mg% compared to the
control value of 133.9 mg%. Under anaerobic conditions the neutral
lipid content of the body wall on day 4 was 100.7 mg%. In both por-
tions of the reproductive system tHe neutral lipids changed during
starvation in a pattern similar to the changes in the total lipid.
Under aerobic conditions the neutral lipid content of the reproductive
tissues was higher on day 2 than on day 4,while under anaerobic con-

ditions the lipid content of the reproductive tissues was lower on day
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2 than on day 4. Comparison of the difference between the control value
and experimental values of the total lipid and neutral lipid in the com=-
bined tissues revealed that on day 4 under anaerobic conditions the
neutral lipids accounted for 48% of the change in total lipid while
under all the other experimental conditions the neutral lipids account-
ed for 77-79% of the change in the total lipid from the control value.

Phospholipid: The phospholipid content of the body wall (Figure

6a) and ovary-oviduct (Figure 6b) under both aerobic and anaerobic
conditions was either a little less than the control value or about
the same as the control value. |In the uterus plus eggs (Figure 6¢c)
under aerobic conditions the phospholipid content on day 2 was about
50% higher than the control value and on day 4 was about 34% higher
than the control value. Under anaerobic conditions the phospholipid
content of the uterus plus eggs was only slightly above the control
value. Under aerobic conditions the phospholipid content of the com-
bined tissues on day 2 was greater than the control value but on day
L4 was near the control value. Under anaerobic conditions the phos-
pholipid content of the combined tissues on day 2 was less than the
control value but on day 4 was near the control value.

Non-volatile Fatty Aclids: The amounts of non-volatile fatty acids

of the saponifiable neutral lipids (hereafter referred to as non-
volatile fatty acids) in the tissues under the various experimental
conditions are graphically illustrated in Figure 7. In the body

wall (Figure 7a) under aerobic conditions there was an increase in
non-volatile fatty acids while under anaerobic conditions there was a

decrease. In the ovary-oviduct tissue (Figure 7b) under aerobic
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conditions on day 2 the content of non-volltili fatty acids was 27%
greater than the control value while on day 4 the amount was [2% less
than the control value. Under anaerobic conditions the quahtity of non=-
volatile fatty acids in the ovary-oviduct tissue on day 2 was 9% greater
than in the ovary-oviduct tissue of the control worms and on day 4 it
was 63% greater than in the ovary-oviduct tissue of the ;ontno; WOFms .
Under aerobic conditions there was about 37% more dbn-QoIlttLd‘fqtty
acids in the uterus plus eggs (Figure 7c) than in the uterus plus eggs
of the control worms. Under anaerobic conditions'tht;contcnt of nen-
volatile fltty acids in the uterus plus eggs on day 2 was 41% less than
in the uterus plus eggs of the control worms and on day 4 it was 23% less
than in the uterus plus eggs of the control worms. Under aerobic condi-
tions the quantity of non-volatile fatty acids ua; highest in the three
tissues combined on day 2. The non-yolatllo fatty acid content of the
combln;d tissue was lower on day 4 than on day 2 but was still ;Lovo the
control value on day 4. Under anaerobic conditions the amount of non-
volatile fatty acids in the combined tissues on day 2 was less than the
control value, while on day 4 it was greater than the control value.

Volatile Eg;;xﬂﬁgi!g; The amount of volatile fatty acids of the
saponifiable neutral lipids (referred to as volatile fatty acids in the
remainder of this disussion) in the body wall, ovary-oviduct and uterus
plus eggs under the various experimental conditions is graphically
illustrated in Figure 8. The quantity of volatile fatty acids in the
body wall_following starva;lon under aerobic and anaerobic conditions
was less than 25 mg%, which is lower than in the body wall of the con-

trol worms uhlqh contained 32 mg%. The amount of volatile fatty acids
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in the ovary-oviduct tissue (Figure 8b) after starvation under aerobic
conditions was about the same as in the ovary-oviduct tissue of the un-
starved control worms. Following starvation of the worms under anaerobic
conditions the quantity of volatile fatty acids in the ovary-oviduct
tissue on day 2 was slightly less than the control value while on day 4
the amount of volatile fatty acids was 41% higher than the control value.
When the worms were starved under aerobic conditions the amount of
volatile fatty acids in the uterus plus eggs (Figure 8c) was higher than
in the control value. Under anaerobic conditions on day 2 the quantity
of volatile fatty acids in the uterus plus eggs was lower than the control
value and on day 4 it was higher than the control value. When the re-
sults from the individual tissues were combined (Figure 8d), there was
little difference between the results of the control group and the re-
sults of the groups starved under aerobic conditions. Under anaerobic
conditions the quantity of volatile fatty acids in the combined tissues
on day 2 was 25% less than in the combined tissue of the control worms
but on day 4 was 12% higher than the control value.

Chromatography of the Non-volatile Fatty Acids: Methyl esters of

the non-volatile fatty acids were analyzed by gas-liquid chromatography.
The chromatograms obtained by using an ethylene glycol succinate

Eolumn were analyzed for qualitative and quantitative results and a
typical chromatogram is presented in Appendix G. The retention times of
the methyl esters of the fatty acids in typical samples from each tissue
and of the fatty acids in authentic standards relative to the retention
time of methyl stearate are listed in Table Ill. The methyl esters are

referred to by the numbering system developed by Ahrens, et al. (1).
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TABLE !11

GAS CHROMATOGRAPHIC IDENTIFICATION OF METHYL ESTERS OF NGN-VOLATILE
FATTY ACIDS OF THE NEUTRAL LIP!DS OF ASCAR!S USING AN
ETHYLENE GLYCOL SUCCINATE COLUMN

RETENTION TIME RELATIVE T0 18:0

AUTHENTIC STANDARDS ASCAR!S TISSUE
Fatty NIH Applied Body ~ Qvary- Uterus/
Acid Science Wall Oviduct Eggs
6:0 0.035
8:0 . 0.055 0.059
9:0br 0.070 0.066 ¢.064
9:0 ‘ 0.078
10:0 0.099 0.104
11:0 ‘ 6.138
12:0 : 8.177 0.184 ©.179 0.175 8.173
13:0 0.242 0.232 0.227
14:0 8.316 0.324 0.316 0.315 0.311
15:0br ’ 0.369 0.361 0.361
15:0 0.429 . O.441 0.415 0.415
1610 . 0.564 0.572° 0.562  0.560 0.564
16:1 0.696 0.678 0.678 0.683
17:0 0.754 0.746 0.747 6.7h2
18:0 1.000 1.000C 1.000 1.000 1.000
18:1 : 1.199 1.191 1.19 1.20 1.20
19:0 1,292 1.35 1.35 1.35
18:2 1.547 1.57 1.57 1.57
20:0 1.776 1.751 |
18:3 2.129 2.16 2.16 2.16
21:1 2.73 2.74 2.74
22:0 3.158 3,069
22:1 3.563 ,
23:0 3.89 3.89 3.89
24:0 5.329

24:1 6.168
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Figure 9 is a plot of the log of the relative retention time of each

acid versus the number of carbon atoms in its carbon skeleton. The
identity of each acid was yerifjed by gas-liquid chromatography of a few
samples .on an Apiezon L cqlumn»and a typical chromatogram is presented

in Appendix H. The Eetention times of the methyl esters of the fatty
acids in the authentic standards and in selected experimental samples
relative to the retention time of methyl stearate are Iisted_opposite
their identity in Table IV. The graph in Figure 10 is a plot of the
data in Table 1V. The identify of the methyl esters of the fatty acids
was further checked by plotting the log of their relative retention times
on the ethylene glycol succinate column against the log of their relative
retention times on the Apiezon L column (Figure 11). Points represent-
ing acids having similar structures fall on a straight line on all of
these graphs.

Two sgries of branched chain acids were tentatively identified as
well as saturated straight chain, monounsaturated, dignsaturated and
trjunsaturated acids. All of the non-volatile.fatty acids identified by
Beames (6) were found in all experimental samples and in addition, the
followihg“non-volatile fatty acids were identified tentatively: 7:0br,
8:0, 9:0, 9:0br, 10:0, 10:0br, 11:0, 11:0br, 12:0br, 13:1, 12:0br, 11:0br,
13:0br, 13:0br, 15:1, 14:0br, 17:0br, 18:0br, 18:3, 19:2, 19:1, 19:0,
19:0br, 20:2, 20:0br, 21:1, 20:0br, 23:0. Most of these acids were
found on the chromatogram from the Apiezon L column only, and were
‘present in only trace amounts. In order to detect. them, so much Qf the
sample had to be added to the column that the more abundant acids were

not quantitatively recorded. Table V contains the quantitative results
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TABLE 1V

GAS CHROMATOGRAPHIC IDENTIFICATION OF METHYL ESTERS OF
NON-VOLATILE FATTY ACIDS OF THE NEUTRAL LiPIDS OF
ASCARIS USING AN APIEZON L COLUMN

RETENTION TIME RELATIVE- TO 18:0

AUTHENT!C STANDARDS 'ASCAR!S TlSSQQV
Fatty NiH Applied Body - Ovary-  Uterus/
Acid Science Wall Oviduct Eqgs
6:0 , 0.606 ‘
7:0br ' 0.01 1
8:0 0.014 0.017 0.015
9:0 G.021 0.025 0.023
9:0br 0.029 0.028
10:0 0.035 0.034 0.035 0.032
10:0br 0.043 0.041
11:¢ ¢.052 ©.053 0.052
11:0br 0.059 0.058 0.060 .
11:0br 0.074 0.672
12:0 0.081 $,080 0.080 ©.079 ©.081
12:0br 0.090 0.090 0.091
13¢1 - 0.102 0.109
12:0br 8.116
13:0 0.123 o 0.124
13:0br ‘ 0.134
1421 0.155
13:0br 0.172
14:0 0.189 0.189 0.186 0.186 0.189
1531 : 0.243 0.2 0.244
14:0br ; 0.260
15:0 0.288 0.286 0.283  0.287
'15:0br ©.337
16:1 0.385 0.382 0.381 0.383
16:0 - 06.436 0.437 8.435 0.433 0.438
171 0.57h4 0.570 0.572 -
17:0 0,661 6.660 ®.659 0.660
17:0br 0.733 0.735
18:2¢3 0.811 0.817 0.813 0.811
18:1 0.362 0.861 0.864 0.869 0.859
18:0 - 1.000 1.000 1.000 - 1.000 1.000
18:0br . 1.090
19:2 1.183 1.181 1.184
19:1 C1.302 1.303 1.302
19:0 1.535 1.479 1.476 1.474
19:0br 1.62} 1.635 1,625
20:2 ' 1.888 1.845 1.839
20:06 2.279 2.305 : 2.290 2.294 2.280
20:0br 2.456 )
21:1 2.994 2.981 2,960
20:0br 3.249 3.247
22321 L.487 :

22:0 5.200
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of chromatography on the ethylene glycol succinate column. The most
abundant acids were 1630, 18:0, 18:1, 18:2, and 23:0 accounting for 88,5
to 91.0 per cent of the total volatile fatty acids.

Examination of Table V reveals that several fatty acids vary
quantitatively from the control following starvation. In the body wall
under aerobic conditions, palmitic acid increased to 6% of the total non-
volatile fatty acids above the control and linoleic acid increased to 8%
of the total non-volatile fatty acids above the control. Tricosanoic
acid decreased from 16% of the total non-volatile fatty acid in the con-
trol sample to 4% following starvation. Several other fatty acids in the
body wall show small changes following starvation under aerobic conditions.
Under anaerobic conditions several of the non-volatile fatty acids in
the body wall increased slightly by day 2 and tricosanoic acid decreased
to about half of the control value. On day 4 under anaerobic conditions
the tricosanoic acid in the body wall was near the control value and non-
anoic acid and nonadecanoic acid were above the control value. The value
for palmitic acid was about half the contrel value.

The amounts of specific acids following starvation of the worm
varied less in the ovary-oviduct tissue than in the body wall. Under
aercobic conditions in the ovary-oviduct, linoleic acid increased to 7%
of the total non-volatile fatty acids above the control value and tri-
cosanoic acid decreased to 4% below the control value. Several other
acids varied from the contro; values by small amounts. Under anaerobic
conditions the changes in amounts of the various fatty acids in the
ovary-oviduct tissue were all less than 2% of the total non=volatile

fatty acid.
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Differences from the control following starvation were less pro-
nounced in the uterus plus eggs than in the body wall. Following starva=-
tion under aerobic conditions linoleic acid was about 8% of the total
non-volatile fatty acids higher than in thelcontrol while oleic acid and
tricosanoic acid were each about 4% of the total non-volatile fatty acid
lower than in the control. Under anaerobic conditions, linoleic acid
was 3% of the total non-volatile fatty acids above the control on day 4
but none of the other acids varied much from the control value.

Chromatography of the Volatile Fatty Acids: The free volatile fatty

acids isolated from the tissues were analyzed by chromatography on a DC
550/stearic acid column and a typical chromatogram is presented in
Appendix |. Formic acid was not quantitatively recorded because some
contaminating substance caused a negative peak on the chromatogram at
the time formic acid should have been eluted. The fatty acids were
identified by comparison of their relative retention times with those of
known acids. Quantitative results of gas-liquid chromatography of the
free volatile fatty acids are listed in Table VI.

The amount of the volatile fatty acids recovered from the body wall
following starvation was so small that not enough of the sample could be
placed on the chromatograph to be able to obtain quantitative results.

The results that were obtained indicate that 2-methylbutyric acid and
2-methylvaleric acid were probably the most abundant volatile fatty acids
in the body wall.

Larger amounts of volatile fatty acids were recovered from the ovary-
oviduct tissue than from the body wall and it was possible to quantitatively

analyze the chromatograms. Acetic acid was abundant in the ovary-oviduct



TABLE Vi

QUANTITATIVE ANALYSIS OF VOLATILE FATTY ACIDS IN FEMALE
- ASCARIS TISSUES FOLLOWING STARVAT[ON UNDER
95% AIR/5% COo AND 95% N2/5% 602

FATTY ACIDS AS PERCENTAGE OF TOTAL VOLATILE FATTY ACIDS

Fatty ~ Retention ~ Control Air/5% CGy "275% co,

Acid i Time* e Day 2 Day 4 Day 2 Day &4

BODY WALL

Formic - 0.092. 1.5

Acetic 6.175 6.7 v

Propionic 0.350 . Tr Tr Tr : Tr Tr

fsobutyric 0.419 1.0 2.k Tr 1.4 Tr

2-methylbutyric 1.00 24,3 27.0 Tr 17.5 Tr

2-methylvaleric 2,03 72.6 76.5 81.1

OVARY AND OVIDUCTS

Formic 0.092 0.6 T.3 3.0 .

Acetic 0.175 15.5 30.3 29.3 16.3  21.8

Propionic 0.350 6.2 1.% 0.7 7.3 7.7

isobutyric 0.419 ' Tr Tr 3.4 L.3

2-methylbutyric 1.00 23.0 23.3  23.1 23.3 23.2
Lk, 7 k5.7 L6.8 k3.0

2-methylvaleric 2.03 55.b4

5



TABLE Vi Continued

Fatty

Retention - Control TALF/5% CO5 — . N,/5% COg

Acid _JFime— - " , —— v _Day 2 Day b Davgz. Day &
- MUTERUS PLUS EGGS , _ .

Formic ‘ 0.092 ek 1.7

Acetic 0.197 &7 8.3 Tr Tr

Propionic 0.350 2.2 1.2 B.3 Tr 4.7
jsobugyric 6.419 6.7 0.2 0.8

Butyric 6.671 » 8.6 , 3.2

2=methylbutyric 1.00 3t.2 31,8 Zh.6 25.6 28.5

Valeric , 1.39 1.8 TF ]
2-methylvaleric 2.03 65.2 60.0 71.6 74.0 66.6

*Relative -to 2-methylbutyric = -

)
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tissue and it varied more under the experimental conditions than any
other. volatile fatty acid. Following starvation under aerobic conditions
30% of the volatile fatty acids was acetic acid while in the control only
15% of the volatile fatty acids was acetic acid. Propionic acid and 2-
methylvaleric acid were both present in smaller quantities following
starvation under aerobic conditions than in the control. Following
starvation under anaerobic conditions 2-methylvaleric acid was present

in lower concentration than in the control but isobutyric acid increased
from a trace in the control to about 4% of the volatile fatty acids.
Acetic acid and propionic acid both increased above the control during
starvation of the worms under anaerobic conditions but the increase in
acetic acid under anaerobic conditions was only about 1/3 the increase
under aerobic conditions.

In the uterus plus eggs over 90% of the volatile fatty acid was
2-methylbutyric acid and 2-methylvaleric acid in all of the samples.
Small amounts of butyric and valeric acids were detected in some of the
samples. The difference in the amount of specific volatile fatty acids
in the uterus plus eggs under the various experimental conditions was of
doubtful significance.

Discussion: Following starvation under aerobic conditions the
total lipid; neutral lipid, phospholipid and volatile fatty acids in the
body wall decreased while the non-volatile fatty acids increased slightly.
The concentration of fatty acids in mg% (volatile and non-volatile com-
bined) in the body wall was about the same following starvation as in the
control. |t appears that the decrease in total lipid was the result of

a decrease in phospholipids and neutral lipids other than the fatty acids.
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In the ovary-oviduct tissue under aerobié conditiéns»thg phospho]ipids
éppeared to be mobiiized, while the other lipid fractions were all above
the control valuévby day 2 but less than the control value by day L,

This indicates that in the ovaryquiduct~tissue'neutrél lipids were
synthes ized durjng the first 2 days of starvation under aerobic conditions
but were Iater mobilized more rapidly than they were synthesized., 1In the
uterus pjus eggs under aerobic conditions all lipid fractions increased

to abqututhe.same extent. Since the concentration of all the lipid
fractions under aerobic conditions was lower on day 4 than on day 2, it
appeared that there was a high rate of incorporation of lipids into the
uterus plus eggs the first 2 days of starvation followed by some mobiliza-
tion of lipids from this tissue.

Under anaerobic conditions the lipid content of the tissues was
slightly below the control on day 2 but near the control or slightly above
it on day hf The total fatty acids in the body wall was below the control
value on both day 2 and day 4 but the changes in the other lipid fractions
were irfegular. it appeared that in the body wall the fatty acids were
not synthesized and may have been mobilized to a limited extent under
anaerobic conditions. In the ovary-oviduct tissue under anerobic condi-
tions the phospholipids content decreased with time which indicated that
they were mobilized in this tissue. The total fatty acids in thevovary-
oviduct tissue under anaerobic éonditions on day 2 was near thg control
level but on day 4 was much higher than in the control. This indicated
that fatty acids were synthesized in the ovary-oviduct tissue or trans-
ferred to it from some other tissue. In the uterus plus eggs the phos-

pholipids increased during starvation under anaerobic conditions. It is
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possible that the phospholipids were transferred into the uterus from
the ovary—oviduﬁt as components of eggs that weré produced by the ovary-
oviduct tissue. All other lipid fractions in the uterus plus eggs were 1
below the coﬁtroi level following starvation under anaerobic cqnditjons.
It appeared that the fatty acids iﬁ the uterus plus eggs cdu]d have‘béen
mobilized during starvation. The results indicated that lipid:synthesis
in Ascaris was lower under anaerobic conditions than under aerobfc condi-
tions, \ |

Fairbafrn.reported that the weight of the volatile fatty acids in
.Ascafis tissue was less than the weighfvof the non-volatile fafty‘acids;
however, on a molar basfs they formed about half of the fatty'acids of
the saponifiable neutral lipids (54). Table Vil contains & list of the

ratio of moles. of volatile‘fatty acids per mole of non-volatile fatty

acids found in this study.
TABLE VI

MOLAR RATIO OF VOLATILE AND NON=VOLATILE FATTY ACIDS lN
THE NEUTRAL LiPiDS

BODY OVARY - UTERUS

TREATMENT __WALL OV IDUCT PLUS EGGS
Control 1. 74k 1.268 0.805
Air/5%'co2 .
Day 2 0.542 1.068 0.929
Day 4 0.637 © 1,296 | 0.882
N /5% co, o
Day 22 0.776 1.0L4 0.832
Day 4 1.500 1.092 1.133

The average molecular weight of the volatile fatty acids was assumed to

be 100 for purposes of calculation. The average molecular weight of the
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volatile fatty acids based on gas-liquid chromatography of the control
sample for each tissue was: body wall, 101.7; ovary-oviduct, 93.7; uterus
plus eggs, 99.1. The average molecular weight of the non-volatile fatty
acids based on gas-liquid chromatography of the control sample from the
various tissues was: body wall, 282; ovary-oviduct, 281; uterus plus eggs,
279. Fairbairn (54) reported the mean molecular weight of the volatile
fatty acids was 90 and the mean molecular weight of the non-volatile

acids was 290.

There were some large changes in ratio of the volatile fatty acids
to non-volatile fatty acids in the body wall under aerobic conditions.
The ratio decreased under aerobic conditions although the total fatty
acid changed little from the control value. The actual amount of fatty
acid isolated from the body wall was small so the ratio would be affected
considerably by the completeness of separation of the volatile fatty
acids from the non-volatile fatty acids by steam distillation. Since
there was no increase in the total fatty acids it is likely that varying
degrees of separation of the volatile fatty acids from the non=-volatile
fatty acids was the most probable explanation of the change in ratio.

In the ovary-oviduct tissue and the uterus plus eggs, there was
little change in the ratio of the volatile fatty acids to non-volatile
fatty acids although the concentration of the total fatty acids changed
considerably under some experimental conditions. This indicated that the
mobilization of volatile and non-volatile fatty acids was similar under
the experimental conditions employed.

The amounts of specific fatty acids were more variable in the body

wall than in the other tissues. There was no particular pattern associated
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with the changes in specific non-volatile fatty acids of the body wall

or the reproductive tissues. The changes involved saturated as well

as unsaturated acids, although the quantity of three non-volatile acids
changed more under experimental conditions than did the quantity of the
other non-volatile fatty acids. Linoleic acid increased in amount in

all tissues under all experimental conditions, although the increase

was greatest under aerobic conditions. Palmitic acid increased in
quantity in the body wall under aerobic conditions but decreased in
quantity under anaerobic conditions. The amount of palmitic acid did not
change to any extent in the reproductive tissues under any of the ex-
perimental conditions. The amount of tricosanoic acid in all three tissues
decreased to a greater extent under aerobic conditions than under anaerobic
conditions. |t is possible that there was c¢onversion of one acid to an-
other although the pattern is not apparent. The worms used in this series
of experiments were collected from many different hogs. |t may be that

the difference in amount of specific non-volatile fatty acids was a re-
flection of the difference in concentration of specific fatty acids in

the diet of the hosts. The worms may have retained the fatty acid

pattern of dietary triglycerides as was reported in mammals (22).

The most abundant volatile %atty acids in all three tissues examin-
ed were 2-methylbutyric acid and 2-methylvaleric acid. Saz and co-workers
(132, 133) have demonstrated the formation of these acids from propionic
acid and acetic acid. The pathway of formation of propionic acid by
Ascaris has been elaborated (130) but the pathway of formation of acetate
has not been determined in Ascaris. The accumulation of acetate in high

concentration in the ovary-oviduct tissue, particularly under aerobic
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conditions indicates that acetate was either not oxidized readily in this
tissue, or it was not incorporated into long chain fatty acids or it had
some important functional role in the ovary-oviduct tissue. It is known
that most of the ascarosides, which are in high concentration in the re-
productive tissue of Ascaris, occur largely as esters of acetic and pro-
pionic acids (116) but it is not known if this is a mechanism for removal
of.fhese acids or if these acids are an essential part of the structure
of the ascarosides. |f acetic acid and propionic acid are the only acids
that can be incorporated into the ascarosides, this would partially ex~
plain why these two acids are in high concentration in the ovary=-oviduct
tissue. This series of experiments has indicated that the fatty acids in
the tissues are in a dynamic state but has not shown whether any of the

fatty acids are oxidized or not.
Third Experiment: Oxidation of Fatty Acids

The results of the previous experiments indicate that Ascaris has
the ability to synthesis lipids at a high rate and possibly mobilize
lipids. The purpose of this series of experiments was to determine
whether or not mitochondria isolated from muscle tissue of the body wall
were able to oxidize various fatty acids and to identify any fatty acid
end products formed as a result of the oxidation of the fatty acids.

Oxidation of the sodium salts of several fatty acids by the homo-
genate, supernatant after removal of mitochondria, cellular debri sedi=-
mented by centrifuging at 500 g. and the mitochondria was measured. The
rates of oxidation under the various experimental conditions are tabu-
lated in Appendix D. All values were adjusted to the zero value by sub-

tracting the rate of the control in each set of incubations.
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Rate of Dye Reduction: Table VII| contains a summary of the rate at
which 2,6-dich!orophenolindoPhenol was reduced by the cell fractions when
the salts of several fatty acids were used as the substrates. A higher
rate of dye reduction was stimulated by the volatile fatty acids than by
the non-volatile fatty acids. Non-volatile fatty acids were used at
lower concentrations than the volatile fatty acids because high concen-
trations of the non-volatile fatty acids inhibited dye reduction. Dye
reduction by the homogenate was stimulated by all the fatty acids tested,
although the rate of dye reduction when oleate was the substrate was so
low as to be of doubtful meaning. Butyrate, 2-methylbutyrate and 2-
methylvalerate stimulated dye reduction by the homogenate at a more rapid
rate than other acids. The dye was reduced at a very low rate by the
supernatant when 2-methylvalerate was the substrate and oleate inhibited
endogenous activity by the supernatant. Dye reduction by the cell debri
was stimulated by 2-methylvalerate but not by acetate, propionate, hep-
tanoate, palmitate or oleate. Acetate, butyrate, 2-methylbutyrate, hep-
tanoate and palmitate all stimulated dye reduction by the mitochondria
but 2-methylvalerate stimulated a much higher rate of dye reduction than
the other acids.

Figure 12 indicates that increasing the amount of 2-methylvalerate
in each incubation tube to more than 4 pMoles caused only a slight in-
crease in the rate of dye reduction, so 4 pMoles of the volatile fatty
acids per tube was used in most incubations in this series of experiments.
Figure 13 indicates the optimal amount of mitochondria to add to each
incubation tube was the mitochondria isolated from 0.04 or 0.05 gm. of

muscle tissue. The effect of the pH of the phosphate buffer (Figure 14)



TABLE viii

FATTY ACID QXHDATEQN BY SUBCELLULAR FRACTIONS OF
- ASGARHS MUSCLE

i ‘ — ' uMoﬂes Dye Reduced/gm. Muscie/hr.%

~Amotnt of S

Acid Acid per Tube Homogena te Supernatant Debri Metochondraa
Acetic 4.0 pMoles 2.0 (H1) ‘ 0.00 (pk) 0.16 (M3)
Propionic. _ k.0 uMoles 3.60 (H1) 0.51 (DL} - 0.00 (M3)
Butyric ‘ 4.0 pMoles 5.62 (H1) ‘ 2.10 {M6)
2-methylbutyric . L.0 pMoles L.or (H1) 2:50 (M6)
2=-methylvaleric - L,0 uyMoles 9,22 (Hl) 1.68 (51) 6.78 (D4) 10.85 (M6)
Heptanoic : 0.1 pMoles : 6.28 (p1) 0.17 {M5)
Palmitic 0. pMoles 1.20 (H1) <0.79 (p2) 0.83 (M6)
Oleic 0.4

pMoles 0.k (m) -1.68 (s1) 0.5 (oh) 0,43 (M6)

% Micromoles of dy@ reduced per gram.of muscle tissue fr@m whnch the fraction was taken per hour of
fncubation.

{ ) Numbers in parenth@sns ﬂndagate the set of incubations listed in Appendix D from which the data
, was taken.

£
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indicates that the highest rate of activity occurred when the buffer pH
was 7.4. While pH values as low as 6.4 caused only a small decrease in
the rate of dye reduction, when the pH was below 6.4 the rate of dye re-
duction decreased sharply. When the pH was above 7.4 the rate of dye re-
duction dropped sharply. The homogenate possessed only very low activity
following freezing for 24 hours at -20°¢, but refrigeration of the mito-
chondria for as long as 48 hours had little effect on enzyme activity.
The activity of mitochondria isolated from worms starved for 3 days was
similar to that of mitochondria from fresh worms but mitochondria from
worms starved for 5 days had low activity. The rate of dye reduction
was greater under 95% N,/5% €0, than under 95% air/5% CO,.

The effects of several substances on the rate of dye reduction when
2-methylbutyrate and 2-methylvalerate were used as the substrate are
tabulated in Table 1X. Succinate and malonate stimulated a substantial
increase in the rate of dye reduction, while fumarate, cytochome c, and
cytochrome ¢ plus fumarate stimulated an increase in the rate of dye re-
duction of less than 10%. ATP plus cytochrome c plus fumarate and ATP
plus coenzyme A slowed the rate of dye reduction by 14.5% and I?.S%.
respectively. ATP and ATP plus cytochrome c caused a slowing of the rate
of dye reduction of less than 10%. Bicarbonate had no effect on the rate
of dye reduction. Changes in the rate of dye reduction of less than 10%
were small enough to be of doubtful importance. The rate of dye reduction
was strongly stimulated when succinate was added to this system. Oleate,
on the other hand, inhibited the reduction of 2,6-dichlorophenol indophenol
in the presence of added succinate (Figure 15). Malonate is a specific

inhibitor of succinic dehydrogenase (67) and was expected to have little



TABLE IX

THE EFFECT OF VARIOUS SUBSTANCES ON THE RATE OF FATTY ACID
' OKEIDATION BY ASCARES MUSCLE MITOCHONDRIA :

2-methvlbutyrate Zz-methylvalerate

Substances , Change in pMoles Dye ~ Change in uMeles Dye

Added - Reduced/gm, /hr % % Change Reduced /gn./hr. % Change
Succinate (1.0 uMole) “2,25 (M 9) 28
ATP (9.0 pMoles) -0.01 (MI3) - 0.5
Cytochrome ¢ (0,06 uMole) - 0.15 (M13) 8.9
Fumarate (1.0 pMole) N 0.15 (M13) 8.9
ATP (9.0 pMoles) «+ Cytochrome ¢

(0.06 uMole) -0.15 (M13) - 8.9
ATP (9.0 uMoles -+ Fumarate

(1.0 uMole) _ 0.15 (M13) 8.9
Cytochrome c_(0.06 uMole) 4 Fumarate

(1.0 uMole) . 0.45 (M13) 26.8
ATP (9.0 pMoles) -+ Cytochrome c '

(0,06 uMole) + Fumarate (1.0 uMole) ~G.31 (M13) -14,5
ATP (1.5 pMole) + Coenzyme A (0.025

pMole) -2.33 (MIL) -17.5

0.34 (M17) 20

Malonate (1.0 pMole)

* Micromoles of dye reduced per gram of
of incubation.

() Numbers in parenthesis indicate the
data was taken.

muscle tissue from which the fraction was taken per hour

set of incubations listed in Appendix D from which the

L9
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Figure 15, The Effect of increasing Concentrations of

2-methylbutyric Acid (O) and Oleic acid () on the Rate
of Oxidation o3 Succinate Acid.
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effect on the rate of dye reduction in this system, however, it consistent-
ly stimulated the rate of dye reduction when 2-methyl acids were used as
substrates.

End Products: A second series of experiments on the oxidation of

volatile fatty acids by mitochondria from muscle tissue of the body wall
was performed in an attempt to accumulate sufficient end products for
identification by column and paper chromatography. The rate of dye re-
duction was higher under anaerobic conditions than under aerobic condi-
tions (Table X). This may have been due to oxidation of the dye by
oxygen or to competition of oxygen with 2,6-dichlorophenol indophenol as
a hydrogen acceptor under aerobic conditions. Propionate, 2-methylbuty=
rate, tiglate, 2-methylvalerate, pyruvate and succinate all caused dye
reduction when mitochondria were present. No dye reduction occurred in
the absence of mitochondria or in the absence of a suitable substrate.
Dye reduction proceeded at a rapid rate in the absence of KCI, chlz
and phenazine methosul fate.

The end products positively identified as the result of oxidation
of propionate, 2-methylbutyrate and 2-methylvalerate are acetate and pro-
pionate (Table X1). A substance, present in low concentration in
several incubations, migrated on the chromatograms in a manner similar
to formate but was not positively identified. Paper chromatography of
the oxidation products of succinate revealed only 1 spot. This spot
absorbed ultraviolet light and was possibly fumarate. Chromatography
of incubation mixtures containing propionate revealed a small quantity
of material that might have been a 5 or 6 carbon acid.

Discussion: The dye, 2,6-dichlorophenolindophenol, is readily



TABLE X

THE EFFECT OF OXYGEN ON THElRATE OF FATTY ACID OXIDATION
: BY ASCARIS MUSCLE MITOCHONDRIA

70

uMoles Dye Reduced/gm.*

Substrate in Air in Nitrogen
Acetate 0.00 (8) 0,00 (8)
Propionate 0.00 (8) 3.387 (7)
2-methylbutyrate 0.510 (8) 3.948 (7)
Tiglate 0.572 (1) ;
2-methylvalerate 0.510 (8) 2.040 (8)
Pyruvate 0.00 (9) 1.527 (9)
Succinate 3.567 (9) 5.607 (9)

* Micromoles of dye reduced per gram of muscle tissue that the
mitochondria were isolated from.

() indicates the set of incubations listed in Appendix E from which

the data was taken.

(1)
(7)
(8)
(9

LS 1
LS 7
LS 8
LS 9



TABLE X1

lDENTIFICATION OF THE PRODUCTS OF FATTY ACID OXIDATION
. oBY SGAQI HUSCLE HITOCHONDR!A

T
~

_End Products of Oxidation

Sub§trafe ' ﬁ‘“ _£gfﬁa§g;“ Apeta;g Pro:lonate _Fumarate €5 or C6,>
Propionate ‘ K x x ?
2-methylbutyrate . ? X X

2-methylvalerate" ' x X

Pyruvate ? X :

Succinate . : . 7

Based on data in Appendfx F
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reduced in a system in which dehydrogenation reactions are proceeding.

in the enzyﬁe system used in this study it was assumed that the sub=-
strates were being dehyrogenated with the transfer of hydrogen to the
dye by a pathway terminating with a flavoprotein. The reduction of the
dye in the absence of phenazine methosul fate. supports the postulate that
the electron transfer system terminated with a flavoprotein ratbcr than .
a cytochrome. The high rate of dye reduction by the mitochrondria when
the volatile fatty acids were used as the substrate indicates that the
enzyme activity measured in this study was associated with the mito-
chondria,

The stimulating effect of fumarate and succinate on fatty acid
oxidation in mammals is thought to be associated with the oxidation of
acetate by way of the tricarboxylic acid cycle (88, 94) but in Ascaris
this cycle is incomplete and there is little evidence that acetate is
oxidized. So the stimulating effect of succinate and fumarate was due
to some extra-tricarboxylic acid cycle activity not apparent at present.
ATP was expected to stimulate oxidation but did not, and sa;med to in=
hibit the slight positive effect.of cytochrome ¢ and fumarate. Coenzyme
A with ATP had a negative effect on thedrate of dye reduction. COanyne
A has previously been found to have little effect in mitochondrial pre=
parations of mammalian tissues (72).

The identification of acetate among the end products indicates that
the mitochondria were not able to oxidize it under the conditions em=
ployed in this exp;rlmcpt. Propionate was present among the end pro-
ducts in most cases which indicated that it also was not readily oxidized

under the conditions of this experiment. Perhaps the oxidation of
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propionate was inhibited by the accumulation of acetate. The scheme
below is the probable route of oxidation of 2-methylbutyrate and

propionate by Ascaris mitochondria:

L 2H i H,0 ™o

CH3-CH2-?H-C00H 11L«£14> CH3CH=F-C00H a CH ~CH~CH~COOH
 cH3 CHy CHq

m 2H 1 H,0 |
CH3-CH-?H-C00H 111-42—9 CH3-C-?H-C00H 4&1——3~> CHy=COOH  +

_ 2H - H,0 ?” |
CHy~CH,~COOH £ 7, CH,=CH-COOH £ CH,~CH,, ~COOH
?H . 2H ﬁ _ H,0
CH,~CH,,~COOH £ 2 CH~CH,,~COOH & o CH3-COOH -+ HCOOH

Steps | through 4 were proposed as the method of oxidation of 2-
methylbutyrate -in mammals (40, 41). The oxidation of 2-methylvalerate
could proceed along a similar pathway resultinglin the formation of 2
moles of propionate at step 4 instead of a mole of acetate and a mole
of propionate. Saz and Weil §l32) reported that 2-methylbutyrate is
formed in Ascaris muscle bya pathway which is essentially a reversal
of steps 4 through 1 in the above scheme.

Formate has been identified in the medium in which Ascaris was
cultured (111, 141) and also as a constituent of the lipids extracted
from Ascaris (6, 62) . There was some indication in this experiment

that formate may have been one of the end products of the oxidation of
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volatile fatty acids. Formate could be formed as a result of the
oxidation of propionate as illustrated in steps 5 through 8 in the
above scheme. The oxidation of propionate by peanut cotyledons has
been found to proceed as shown in steps 5 and 6 above although the
final step is ATP dependent and results in the productibn of acetate
and CO; (68). In Ascaris steps 7 and 8 as shown above would be similar
to steps 3 and 4 in the oxidation of the longer chain acids and could
possibly have been mediated by the same enzyme system.

The oxidation of propionate by a pathway in which succinate is an
lntenmedla;e was not supported by the results of this experiment.
Succinate was readily oxidized by this system, however, the only end
product that was detected was an unsaturated acid. The major end
product detected following propionate oxidation was acetate and no
unsaturated compounds were detected.

The lack of oxidation of palmitate and oleate iﬁ this experiment
may indicate that the mitochondria either did not have the enzymes
needed for oxidation of the long chain fatty acids or had only small
amounts of them, [t is also possible that a cofactor that was not
qadded in this experiment would be required for oxidation of the lbng
chain fatty acids. Since Ascaris possesses an active system of carbo-
hydrate metabol ism and carbohydr;;es are plentiful in the intestine

of the hog it is possible that oxidation of fatty acids has little

importance in the metabol ism of the worm in vivo.



CHAPTER V

SUMMARY AND CONCLUSIONS

Previous studies have shown that Ascaris lumbricoides females con-

tain large amounts of lipids and that most of the lipid in the worm is in
the reproductive tissues; however, the metabolism of lipids in this worm

has not been thoroughly investigated. It is known that in vivo the worm

incorporates about 1.6% of its body welight into eggs-each day and that
developing larvae are capable of mobilizing lipid. It is not known if
the adult can synthesize lipid or if it can mobilize lipid in its own
tissues during starvation. This study was designed to measure lipid
mobilization during starvation in Ascaris females and oxidation of fatty
aclids by mitochondria isolated from muscle tissue of the body wall of
Ascaris females.

This study was divided into three experlmentsr In the first ex-
periment the total lipid of the body wall and reprédpctive system plus

eggs of Ascaris lumbricoides was determined foilow]ng starvation of the

worms under atmospheres of either air, 95% air/5% C0,, Ny or 95% N2/5%
COZ. In the second experiment the content of total 1ipid, neutral lipid,
phosphol ipid and fatty acids of the saponifiable neutral lipids of the
body wall, ovary-oviduct tissue and uterus plus eggs.was determined
following starvation of the worms under atmospheres of either 95% air/5%
CO, or 95% Np/5% C0,. The third experiment was an investigation of the

oxidation of fatty acids by mitochondria isolated from the muscle tissue

75



76

of the body wall of Ascaris lumbricoides.

In the first experiment the lipid content of the tissues following
starvation was significantly greater than that of the control. Most of
the increase in lipid was in the reproductive system plus eggs, and the
1ipid content of the reproductive system plus eggs was similar regard-
less of the atmosphere under which the worms were starved. This indicat-
ed that lipid synthesis continued during starvation probably at the ex-
pense of the glycogen reserves in the animal.

in the second experiment the lipids of the ovary-oviduct tissue and
of the uterus plus ¢yyswere analyzed separately. The total lipid of the
uterus plus eggs of the worms starved under aerobic conditions was above
the control value while the total lipid content of the uterus plus eggs
of the worms starved under anaerobic conditions was below the control
value. The total lipid of the body wall and ovary-oviduct tissue follow-
ing starvation showed only small changes from the control values.
Examination of the various fractions of the total lipid revealed a
higher concentration of phospholipid in the body wall than in the re-
productive tissues and a higher concentration of neutral lipid in the
reproductive tissues than in the body wall,

The phospholipid content of the body wall and ovary-oviduct tissue
decreased during starvation while in the uterus plus eggs the phospho-
lipid content increased during starvation. The increase in phospholipid
content of the uterus plus eggs was greater under aerobic conditions
than under anaerobic conditions. It is likely that the increase in lipid
in the uterus plus eggs was due to the incorporation of lipid into the

eggs that were maturing in the uterus or to movement of developing eggs
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from‘the‘oyaryfovidugt tissue to thgnuterus._ It appeared that the trans-
fer of lipid into. the uterus plus eggs was inhibited by a lack of oxygen.

The fatty acid content of the ovary-oviduct tissue after 2 days of
starvation under aerobjc conditions was above the control value but after
L days it was below the control value. Under anaerobic conditions there
was glqontinued increase_in the fatty acid content of the ovary-oviduct
tissge. Thisviﬁdicated that the synthesis of fatty acids in the ovary-
oviduct continued during starvation but following more than two days
starvation in‘air or starvation in the absence of air the fatty acids
were not transferred_to the uterus plus eggs. The change in ratio of
moles of volatile fatty acid per mole of non-volatile fatty acid in the
body wall was great, but the validity of the results was questionable
since the fatty acid content of the body wall was low and changed little
during starvation. The ratio of the moles of volatile fatty acid to
non-volatile fatty acid in both portions of the reproductive tissue was
near 1 under all experimental conditions even though some of the
differences in content of fatty acid were great. This indicated that in
the reproductive system the volatile fatty acids were mobilized in a
manner similar to non-volatile fatty acid mobilization.

Analysis of the gas=-liquid chromatograms of the methyl esters of
the non-véiatile fatty acids of the saponifiable neutral lipids allowed
tentative identification of the fatty acids extracted from the tissues.
The following non-volatile acids had not been identified previously in
Ascaris‘tissues: 7:0br, 8;0, 9:0, 9:0br, 10:0, 10:0br, 11:0, 11:0br,
12:0br, 13:1, 12:0br, 13:0br, 13:0br, ISQI, 14:0br, 17:0br, 18:0br,

18:3, 19:2, 19:1, 19:0, 19:0br, 20:2, 20:0br, 21:1, 20:0br, 23:0.
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The most abundant fatty acids were the 16:0, 18:0, 18:1, 18:2 and 23:0
acids, accounting for about 90% of the total non-volatile fatty acids. in
the tissues examined under all experimental conditions. The amount of
several of the non-volatile fatty acids of the saponifiable neutral
lipids changed more during starvation than did other acids. The
differences were most pronounced in the body wall. Linoleic acid in~
creased in concentration in relation to the other fatty acids in all the
tissues under all conditions, however, the increase was greatest under
aeroblic conditions. Tricosanoic acid decreased in concentration in re-
lation to the other fatty acids in all the.tissuas under all conditions
but more under aerobic conditions than under anaerobic conditions.
Palmiti¢ acid increased in concentration in relation to the other fatty
acids in the body wall under aerobic conditions and decreased under
anaerobic conditions. In the reproductive system palmitic acid change&
little In concentration in relation to the other acids under the
experimental conditions. The significance of these changes in the con-
centration of certain fatty acids was.not clear.

The most abundant volatile fatty acid in all tissues was 2-
methylvalerate. In the body wall and uterus plus eggs it accounted for
about 70% of the total non-volatile fatty acid in the saponifiable
neutral lipid. In the ovary-oviduct tissue it accounted for about one-
half of the volatile fatty acid. 2-methylbutyr!c acid accounted for
one-fifth to one«fourth of the volatile fatty acid in all the tissues
under all experimental conditions. In the body wall and uterus plus
eggs, formic acid, acetic acid, propionic acid and isobutyric acid were

present in small amounts. Traces of butyric acid and valeric acid were
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identified in some samples from the uteru§ plus eggs. |In the ovary-
oviduct tissue, acetic acid amounted to 15% of the volatile acid in the
control sample while it amounted to less than 1% in the control samples
of the body wall and uterus plus eggs. Following starvation under
serobic conditions the amount of acetic acid in the ovary-oviduct tissue
relatfve to the other volatile fatty acids in this tissue doubled while
2-methylvaleric acid and propionic acid decreased relative to the other
volatile fatty acids. Under anaerobic conditions acetic acid increased"
a small amount and isobutyric§§¢§d increased from a trace to 3-4% of tﬁe
total.volatilé fatty acid while 2-methylvaleric acid decreased relative
to the othér volatile fatty acids. The significance of this effect of
oxygen Was not determined.

In the third experiment it was found that enzymes for oxidation of
volatile fatty acids were present in the mitochondria of Ascdris
muscle tissue. The rate of 6xidation was determined by measuring the
rate of reduction of 2,6-dichlorophenol indophenol. The highest rate of
dye reduction was stimulated by 2-methylvalerate, but 2;methylbutyrate,
butyrate, propionate and tiglate also stimulated dye reduction. Acetéte,
heptanoate, palmitate and oleate stimulated dye reduction at a very low
rate or not at all. Dye reduction proceeded most rapidly when the
phosphate buffer pH was 7.4 although activity was high in the pH range
from QT” to 7.4. The reaction was not stimulated by ATP, Coenzyme A,
cytochrome c or fumarate. Succinate and malonate stimulated oxidation
of the 2-methy! acids,

Analysis of the fatty acid end products following the oxidation of

2-methylbutyric acid and 2-methylvaleric acid indicated that propionate



is an intermediate product of the oxidation of the.2—methyl acids.
Propionate was oxidized to acetate and either formate or C0y. The
oxidation of the volatile fatty acids in the presence of a suitable
hydrogen acceptor indicated that the volatile fatty acids may serve as
a source of metabolic energy for Ascaris. The worm may be able to
utilize the low oxygen content of the small intestine for the oxidation
of the volatile fatty acids as well as other products. The lack of
oxidation of acetate was a further indication that the tricarboxylic
acid cycle is incomplete in Ascaris.

The following conclusions were drawn on the basis of the }esults
of this study: 1. Lipid synthesis continued for at least two days during
starvation of Ascaris. 2. The lipid content of Ascaris following
starvation was not affected by the presence or absence of oxygen and
carEon dioxide in the atmosphere under which the worms were starved.

3. The greatest increase in lipid during starvation occurred in the
reproductive "tract and was probably associated with continued egg produc-
tion in the ovary-oviduct tissue. L. When oxygen was.not included in
the atmosphere or if starvation continued for more than two days in the
presence of oxygen the transfer of lipid from the ovary-oviduct tissue
to the uterus plus eggs appeared to have been inhibited. 5. Enzymes
associated with volatile fatty acid oxidation were present in mito-
chondria isolated from the muscle tissue of the body wall. 6. The pH
optimum for volatile fatty acid oxidation was 7.4. 7. volatile fatty
acids were oxidized to acetate and either formate or €O, and propionate
was an intermediate in the oxidation of the 2~-methyl acids. 8. There

was a very large number of non-volatile fatty acids present in Ascaris
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tissues, however, the 16:0, 18:0, 18:1, 18:2 and 23:0 acidé accounted for
about 90% of the non-volatilé fatty acids of the ééponifiable neutral
Iipids. 9. The most abundant volatile fatty aclds in the sébqniffable
neutral lipids were 2-methylbutyric acid and 2-meihylvaleric“§cid}

10. In the ovary-oviduct tissue during starvation acetate increased to

a much greater extent under. aerobic conditions then under anaerobic
condltions,'while propionate decreased under aer§bic conditioﬁs and
incrgased to only a s1ight extent under‘anaefoblc conditions. The 4-
carbon acids increased in the 6yary-ovidu;t~tissue during starvation

- under aﬁaerobic conditions but>wére Qresent in only trace amounts fn.the
control and in worms starved undgrxaerobic;cpnditfdns,_véimilaf‘changes"
wéfewndt‘no;éd in the body wall‘or\UtéfUS plus eggs. ‘IV; The lipids in
‘Ascaris were in‘? dynamic state but it was not determined to what
extent they are used for metabolic energy in;this'WOrm.

It has recently been shown that Ascaris lumbricoides will grow to

matufity in the rabbit (10, 11). Worms grown in the rabbit under
laboratory conditions would tend to be less varlabie at the beginning
of an experiment than worms collected at random in packing plants.
Using-such worms ‘could result in data which would be less variable and
eésier to interpret. Studies with whole worms on the oxidation of
radioactivefy.labelled non-volatile and volatile fatty acids should be
performed to determine whether the intact worm is capable of oxidizing
fgtty aclds. Use of radioactively labelled fatty acids would also aid
in identification of the end products of fatty acid oxldation.: More can
be leérned about fatty acid oxidation in Ascarls flSsﬁés by Isofating

the .enzymes from the mitochondria.
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TOTAL LIPiD CONTENT OF BODY WALL AND REPRODUCTIVE TRACT

APPEND X A .

OF ASCAR!S LUMBRICOIDES FEMALES

i Bbdy

“Total Lipid

woerm ) L
No. wt. Body Wall " Reprod, Tract Combined
(om~) {mgz) _ {mg¥)* - {mg.) {ma%) (mg.) {mg%)

Group | CONTROL ' - ‘

g=-1 1 2.92 9.04 309.58 L4s5.75 1566.78 54.79 1876.30
C= 2 2.08 8.30 399.03 17.92 861.53 26.22 1260.57
€~ 3 2.59 8.68 335.13 33.23 1283.01 L1.91 1618.14
C- 4 3.47 i0.49 302.30 L4o.26 1160.23 50.75 _ 1462.53
=5 2.42 8.52 352.06 27.21 1124.38 35.73 1476 .44
t-6 3.80 10.89 282.57 33.03 869.21 43.92 1155.78
c=-7 2.91 7.67 263.57 - L2 .47 1459.45 50.14 1723.02
c- 8 2.71 7.39 272.69 .. 39.62 1461.99 47 .01 1734.68
-9 2.19 6.50 296 .80 15.93 727.39 22.43 1024.20
c=-10 1.21 3.14 259.50 12.60 " 991.73 15.14 1251.23
=11 6.48 27.02 6,97 74.62 1151.54 101.64 1568.51
c=12 L.98 17.97 360.84 48,05 964.85 66.02 1325,70
=13 6.21 ‘21;981. 353.94 90.90 1463.76 112.88 1817.71
c=14 5.45 16.71 ‘ 306.60 706.30 1289.90 87.0% 1596.51
C=15 7.79 32.36 Lis. 40 i15.09 1477 .40 147 .45 1892.81
¢=16 6.06 23.25 383.66 45,31 747 .68 68.56 1131.35
=17 4,10 15.71 383.17 L2.03 1025.12 57.74 ,lh08.29
c=18 5.00 19.35 387.00 52.77 1055.40 72.12 1442 40
=19 5.60 17.51 312.67 57.22 1021.78 74.73 1334.46
c=20 3.13 9.87 315.33 &7.10 1504.73 56.97 1820.12
Mean 335.44 1160 .40 Hi98, 54
S.E, ¥k 11.27 59.32 58.56



APPENDIX A Continued

Body

Worm DS _Total Lipid ,

No. Wt © Body Wali-— ~ Reprgd. Tract Combined

, g ) mgz)  fmg¥) - —{mg.) - ~{ma}) - {mg.) (mg¥%)
Group 1§ INCUBATED UNDER NiTROGEN :

~ " AJSACRIFICED AFTER 2 DAYS
N=21 ' I 4,08 19.93 488.48 64,95 1591 .91 84,52 2071.56
N-23 5.16 35.39-- 685.85 - 81.01 1569.96 116.40 2255.8!
N=24 4,37 33.65 770.02 63.36 1449.,88 ©97.01  2219.90
N-25 6.21 26.26  422.86 88.27 1421 .13 © 114,53 1844,28
N=26 L. kL9 22.97 511.58 81.34 1811.58 104,31  2323.16
N°27 3.36 20-761 656096 35058 3325-91* 56.3&' 1782-9]
N-28 L.48 24,30 5424 65.64 1465.17 89.94 2007.58
N=29 3.17 18.56 585.48 61.59 1942.90 80.15 2528.39
Mean 579.03 1533.47 2102.49
S.E.. 38.08 © 79.26 82.65

. B.SACRIFICED AFTER 4 DAYS :
N=1 3.68 18.59  505.17 68.40 '1858,69 9.19 - 2363.85
N-b2 5.71 29.35 514,01 81.44 1426.26 110.79 1940.28
N=43 5.72 24 .48 L27.97 - 71.73 1254.02 96.21 1681.99
- Ny 6.19 22.66 -366.07 82.52 1333.1} 105.18  1699.19

N=L5 5.21 21.42 mm.i3 70.81 1359.11 92.23 1770.2%
N=4b6 5.51 22.46 Lo7.62 70.91 1286.93 93.37 = 1694.55
N=47 4,50 20.82 462.66 90.58 2012.88 11140  2475.55
N=48 4.02 19.13 475.87 56.63 1408.70 75.76 1884.57
N=49 5.8 21.26  387.95 78.01 1423 .54 99.27 1811.49
N=50 4.89 23.01 470.55 89.15 1823.10 112.16  2293.66 -
Mean 42,90 1588.63 1961.54
S.E. 15.83 85.99 93.88

96



APPEND iX A Continued

Body.

fota] Lipid-

No,— Wt. Body Wall Reprod* “Fract— Combined -~

_ {gms) - _fmgz) (mgg@***"" i@g ) ngz) (mg.)  (mg¥)

: C. SACRIFICED AFTER 6 DAYS ‘
N=-61 5.4 18,51 342,14 - 84.59 1563.58 103.10  1905.73 -
N=62 4.05 17.91 442,22 45,92 1133.82 63.83  1576.05
N-63 2.89 13.54 468,51 45,21 1564,35 58.75 2032.87
Mean L17.62 1420 .58 1838.22
S.E. 38.52 143 .47 136.21

A. SACR!FHCED AFTER 1 DAY . | ~ "
NC=11 - 6.04 21,18 350.66. 7h,74 1237 .41 95.92 1588.07
NC-12 4,38 13.20 - 301.36 - 73.00 1666.66 86.20 1968.03
NC-13 5.43 16.27  299.63 69.34 1276.97 85.61 1576.60
NC=14 4L.89 18.27  373.61 74.99 1533.53 93.26 1907.15
NG=15 4.01 17.16  427.93 52.72 131471 69.88 1742.6%4
NC=16 3.66 11.13 _ 304,09 64.39 . 1759.28- - 75.52 2063.38
NC=17 I, 64 14,28 307.75 71.45 1539.87 " 85.73 . 1847.62
NC=-18 5.148 19.09  348.35 84,37 1539.59 103.46 1887.95
NC=19 5.60 31.45 - 561.60 84.16 1502.85 115,61  2064.46
NC-20 5.43 - 17.03 - 313.62 86.61 1595.062 103.64. 1908.65
#ean 358,86 1496.59 1855.46
5.E. 25.97 54 48

53.86
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APPENDIX A Continued

Worm Body } - __Total Lipid - o
No. Wt Bed«r\vtal‘i ' - Reprod, Tract- - . - Combined
o) (mg) . (mo) fma)  me) (mg.) _(mgk) -
B SACRHFBGED AFTER 2 DAYS ' ‘ -
NC=21 6.99 19.63  272.2h4 117.84 1685.83 136.87 1958.08
NE=22 5.03 17.84  354.67 78.85 1567.59: 96.69 1922.26
NC=23 3.82 - 10.90 285.34 49.75 1302.35 60.65 1587.69
NC=24 3.31 11.94.  360.72 59.62 1801,20 71.56  2161.93
NC=25 - 4.09 145 353,30 71.84 1756.47 86.29 2109.77
- NE<26 k.31 16.64  386.07 72.13 1673 .54 88.77 2059.62
NC+27 3.88 13.33 343.55 67.85 1748.71 - 81,18  2092.26
NC-28 6.49 17.60  271.18 98.32 1514,94 115.92  1786.13
NC=29 2.9 1045 - 359.10 61.08  2098.96 71.53  2458.07
Mean 331.80 1683.29 2015.09
S.E.. 14 4k 72.95 81.79
. €. SACRIFICED AFTER.3 DAYS _ : _
NC=31 3.98 13.11 329.39 58.48 1469.34 71.59 1798.74
NC=32 k.76 16.07  337.60 Lt .98 881.93 58,05 1219.53
NC=33 5.49 4,95  272.31 82.86 1509.28 97.81 1781.60
NC=3L 4.2 .43  340.33 57.84  136k4.15 - 72.27 170448
NC-=35 5.36 15.43 287.87 67.49 . 1259.14 82.92 154701
NC=36 5.46 16.12 295,23 73.50 1346.15 89.62 16L31.39
NC=37 - 5.32 16.61 312,21 67.00 1259.39 83.61 157i.61
NC-38 L, 3k - 14,52 334.56 59.79 1377.64 74.31  1712.21
NC=39 6.08 16.91 278.12 - 90.72 1492.10 - 10763  1770.23
NC-40 5.33 17.67  332.51 45,06 845.40 162.73 1167.92
Mean 312.01 1280.45 1592.38
S.E. 8.03 75.71 70.96
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APPENDIX A Continued

Body

Worm Total Lipid '
No. wt. Body Wali Reprod. Tract Combined
(gms) {mg.) (mg¥%) (mg.) (ma%) (mg.)  (mg¥%)
D. SACRIFICED AFTER 4 DAYS
NC=L41 2.82 11.07 392.55 46,51 1649.29 57.58 2041 .84
NC=42 4,25 14,60 343.52 52,63 1238.35 67.23 1581.88
NC=43 4,25 13.01 306.11 64,46 1516.70 77.47. 1822.82
NC=L4k 3.73 17.18 460 .58 34.69 930.02 51.87 1390.61
NC=45 3.62 13.95 385.35 50.42 1392.81 64,37 1778.17
NC=L46 3.41 10.21 299.41 51.86 1520.82 62.07 1820,23
NC=47 3.18 11.42 359.11 L7 .48 1493 .08 58.90 1852.20
NC=48 3.22 12.91 400.93 45.75 1420.80 58.66 1821.73
NC=49 4,08 11.74 287.74 72.66 1780.88 84,40 2068.62
NC=50 2.89 9.46 327.33 46 .82 1620.06 56.28 1947.40
Mean 356.26 1456.28 1812.55
S.E. 17.15 74.87 62.62
E. SACRIFICED AFTER 6 DAYS
NC=-62 3.03 8.79 290.09 61.12 2017.16 70.01 2310.56
NC=63 4.33 12.82 296.07 68.02 1570.90 80.84 1866.97
NC-64 4,52 20,32 449,55 L4 .86 992.47 65.18 1442,03
NC=66 3.39 12.07 356.04 53.31 1572.56 65.38 1928.61
NC=67 5.12 17.51 341,99 L8 .46 946 .48 65.97 1288 .47
NC-68 4,26 13.38 314,08 67.25 1578.63 80.63 1892.72
NC=69 3.00 10.38 346.00 48.34 1611.33 58.72 1957.33
NC~70 3.00 9.28 309.34 41.90 1396.66 51.18 1706.00
Mean 338.11 1480.38 1818.83
S.E. 14.85 98.53 90.05



APPEND X A Continued

Werm Body . ] Total Lipid
No, Wt ’ Body Watl- Reprod. Tract Combined
: __ {gm.) {mg.) {ma%) - {mg.) {mg%)- {mg.) {ma%),
F, SACRIFICED AFTER 8 DAYS
NC=81 3.12 11,27 361,21 k9,37 1582.39 60.64 1943 ,58
NC=82 3,70 ‘ 18.45 282 .43 46,53 1257 .56 56,98 1546 .00
NC-83 3.03 i1.08 365,67 46 .87 1546 .86 57 .95 1912.54
NC-8L4 3.50 14,54 Lis. L2 56.01 1600 .28 70.55 2015.71
NC=85 3.38 15.62 L62.13 31.72 938.46 L7.34 1460.59
NC=86 3,18 7.95 250.00 L1 .61 1308 .49 kg, 56 1558 . Lo
. Mean 356,14 1372.3% 1728 .47
5.E, 32.43 105.18 105,59
Group IV INCUBATED UNDER AIR
A. SACRIFICED AFTER 2 DAYS
A-2} 1 3.30 16.50 318,18 78,23 2370.60 88.73 2688.78
A=22 2.70 7.51 278.14 Lz ,56 1576.29 50.07 1854, Lk
A=23 k.36 11 .9% 273.85 60.92 1397.24 72.86 1671.,10
A=24 5.27 17.48 331.68 76.41 1336.05 87.89 1667 .74
A=25 3.83 " 13.45 351,17 L7 .47 1239.42 60.92 1590 .60
A=26 4,68 15.08 322.22 73.89 1578 .84 88.97 1901.06
A=27 4,70 15,05 320.21 64,51 1372.55 79.56 1692.76
A=28 2.69 8.78 326.39 37.56 1396.28 b, 34 1722.67
A=29 L.78 14,40 201.25 67.25 1406 .90 81.65 1708.15
A=30 k. y2 11.04 267 .96 61.42 14906.77 72.46 1758.73
Mean 309.11 1516.49 1825.60
S.E. 8.76 100,44 100.10

66



APPEND (X A Continued

Worm Body ' Total Lipid
No. Wt Body Wall ‘Reprod. Tract Combined
{gm.} ~{mg.) {mg%) {mg.) {ma%)- {mg.)  (mg%)
B, SACRIFICED AFTER 4 DAYS :
A=k 3.68 a1 383.42 62.24 1691 .30 76.35 2074.72
A=k2 2.91 9.81 337.11 - 49.82 1712.02 59.63 2049, 14
A=43 L,55 10.43 229.23 87.63 1925.93 98.06 2155.16
A=bl 3.43 12,49 364,13 50.99 1486 .58 63.48 1850.70
A=b45 4,01 9.72 242.39 52 .47 1308.47 62.19 1550.87
A=lb 5.59 15.51 277 .45 58.50 1046, 51 74,01 1323.97
A=k47 k.20 14,62 348,09 52.23 1243 .57 66 .85 1591 .66
A=-48 3.74 12.37 330.7h 57.51 1537.70 69.88 1868 .44
A=49 L.70 17,53 372.97 76.53 1628.29 94 .06 2001 .27
A=50 5.87 18.95 322.82 51.98 885.51 70.93 1208.34
Mean 320.84 1446,59 1767.43
S.E. 17.01 102.08 104,48
€. SACRIFICED AFTER 6 DAYS ,

A=61 f 4,39 16,25 370.15 45.#@ 1035.53 61.71 1405.69
A=62 5.00 19.04 380.80 L he 889.20 63.50 1270.00
A=63 3.57 16.51 462,46 52.56 1472.26 69.07 1934.73
A=6h4 3.80 17.40 457 .89 L9 .16 1293.68 £6 .56 1751.57
A=65 5.04 17.32 343.65 64,91 1287.89 82.23 1631,54
A=66 3.81 18.04 L73.4L9 £8.72 1541 ,20 76.36 2004.19
A=67 5.68 17.64 310.56 78.2h4 1377.46 95.88 1688.02
A=68 3.38 12.33 364,79 56.00 1656 .80 68.33 2021.59
A=69 4,54 15.64 344 .49 67.85 1494 .49 83.49 1838.98
A=70 3.70 15.01 405,67 52.66 1423 .24 67.67 1828.91
Mean 391.40 1347.18 1737.52
S.E. 17.85 73.83 78.29
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APPEND IX A.Continued

Worm

Body - — Total Lipid . o
Ne. Wwt. Body Wall - Reprod, Tract Combined

. {gm.) {mg.)  f{mg%)- (mg.} (ma) (mg.) (mg%) __
Group V. INCUBATED UNDER AIR/5% €0,

A.SACRIFICED AFTER | DAY
AC=11 - 4,68 14,77 315.59 78.40 1675.21 93.17 1990.81
AC=12 5.99 20.78 346,91 68.82 1148.91 89.60 1495,82
AC=13 L.06 17.34 L27.09 4o,14  _1210.34 66 .48 1637.43
AC-1L 4,60 16.02 348.26 75,04 1631.30 91.06 1949.56
AC=15 4,65 12,12 260 .64 63.58 1367 .31 75.70 1627.95
AC=16 5.85 19.47 332.82 69.89 1194.70 -89.36 1527.52
AC=17 3,21 12,65 394,08 55.53 1729.90 68.18°  2123.98
AC-18 3,27 6.73 205,81 L4, 16 1350.45 50.89 1556.26
AC=19 5,08 12,51 306.61 64,21 1573.77 76.62 1880.39
AC=20 2.73 11.25 412,08 57.92 2121.61 69.17 2533.69
Mean 334.99 1500.35 1835.34
S.E. 21.50 96.18 . 105.75

B. SACRIFICED AFTER 2 DAYS .
AC=21 6.00 21.96 366.00 93.48 1558.00 115.44 1924,00
AC=22 L, by 19.12 433,56 60,90 1380.95 80,02 1814,51
AC=23 6.33 20.22  319.43 71.88 1135.54 92.10 t454,97
AC=2h 4,30 15.24 354, 4] 75.51 1756.04 906.75 2110.46
AC=25 L.19 15.86 378.52 48,20 1150.35 64,06 1528 .87
AC-26 3.82 13.80 361.25 58.55 1532.72 72.35 1893.97
AC=27 2.76 13.94 505.07 29.53 1069.92 L3 .47 1575.00
AC-28 5.62 18.25 324,73 74,56 1326.69 92.81 1651 .42
AC=29 5.21 20.01 384,06 112,51 2159.50 132.52 2543 ,57
AC=30 4,19 13.61 324,82 61.81 1475.17 75.42 1800.00
Mean 375.18 1454 .49 1829.68
S.E. 18.03 103.74 101 .64
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APPENDIX A Continued

Worm Body : Total Lipid ‘ o
No. Wt gody Wall Reprod. Tract Combined
~{gm.) {mg.}) —{mg¥%) (mg,} (mg%) _(mg.} . (mg%)
C. SACRIFICED AFTER 3 DAYS ,
AC=31 5.90 17.15 290.67 85.59 1450.67 -102.74 - 1741.35
AC=32 3.86 13.45  348.44 62.15 1610.10 75.60  1958.54
AC=33 L.61 17.56 380.91 52.94 1148.37 70.50 1529.28
AC=34 2.60 8.01 308,07 47.39 1822.69 55.40° 2130.76
AC=35 4,53 15.35 340,35 72.86 1615.52 - 88.21  1955.87
AC=36 2.35 9.17 390.21 35.23 1499.14 Lt 40  1889.36
AC=37 L. 43 16.03  361.85 72.48 1636.11 88.51 . 1997.96
AC-38 L, 43 13.67 308.57 58.16 1312.86 71,83  1621.44
AC-39 2.61 8.63 330.65 Ls,13 1729.11 53.76  2059.77
AC=k40 4,07 12.85 315.72 59.32 1457 .49 7217 1773.21
Mean 337.54 1528.21 1865.75
S.E. 10.43 62.84 61.42
D. SACRIFICED AFTER L4 DAYS ,

AC=L41 5.83 18.19 312.00 61.39 1053.00.. . 79.58  1365.00
AC=42 7.66 30.65 400 .14 106.65 1392.29 137.30  1792.42
AC=43 7.54 31.62 419.36 75.89 1006 .49 107.51  1425.86
AC=4k 8.24 30.01 364,19 82.56 1001 .94 112.57 1366.14
AC=45 6.37 20.2} 317.26 74.73 1173.15 94,94  1490.40
AC=Lb 4,1y 12.59 306.32 68.11 1657 .17 80.70 1963.50
AC=47 7.91 29.56 373.70 87.24 1102.90 116.80 1476.61
AC=48 2.60 7.24 278.40 4g.10 1888 .46 56.34 2166.92
AC-L49 5.13 15.88 309.55 6k4.61 1259.45 80.49 1669.00
AC=50 5.4 15.76 291.31 96.72 1787.80 112.48  2079.10
Mean - 337.22 1332.27 1679.50
S.E. 15.29 105.52 93.37
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APPEND X A Continued

Worm Bedy . Total Lipid
Mo Wt. "~ Body Watl - Reprod. Tract Combined
fgms) (mg:) (mg}- . {mg.) {ma%) (mg.) _(mg%)
E. SACRIFICED AFTER 6 DAYS ,
AC-61 L,70 13.56 288 .51 L9 .47 §052.55 63.03 1341.06
AC=62 4,51 13.08 290.02 75.79 1680 .48 88.87 1970.50
AC-63 2.78 11.01 396.04 33.27 1196.76 L4, 28 1592.80
AC=64 5.28 16.53 313.06 87.35 1654,35 103.88 1967 .42
AC=65 7.56 2L4.7h 327.24 113,64 1503.17 138.38 1836.42
AC-66 3.35 10.55 314.92 80.37 2399.10 90.92 274,02
AC=67 7.41 25,81 348.31 108.19 1460 .05 134.00 1808.36
AC-68 3.07 8.33 271.33 48,50 1579.80 56.83 1851 .14
AC=69 3.34 11.09 332.03 48,91 1464 .37 60.00 1796 .40
AC=70 L. 6L 8.37 180.38 63.30 136L.22 71.67 1544,61
Mean * 306,18 1535.49 1841 .67
S.E._ 17.85 . 114,09 115.33

*mg%-mg. }ipid/100 gm. body wt.

%S ,E,=stand

ard error of mean

£01
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CONTENT OF TISSUES OF ASCARIS
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Number of observations

teast significant difference

in means compared Nk D5 .@B#
COMBINED BODY WALL AND REPRODUCTIVE TRACT
20-10 175.50 210.54 277 .45
20- 9 182.37 217.42 286 .52
20- 6 213.73 254,95 335.97
20~ 3 280.29 335.09 Lhi .58
10-10 203.79 243,09 320.35
10-. 9 208.82 249.09 328.25
10- 6 236.79 282.45 372.22
10- 3 298 .81 356,44 469,72
5~ 6 241 .12 287.62 379.03
9~ 3 302.27 360.57 475.18
6~ 3 322.22 384.36 506,51
REPRODUCTIVE TRACT AND EGGS E
20-10 173.67 207.17 273.00
20~ 9 179.38 213.97 281.97
20- & 210.32 250.89 330.62
20~ 3 276.43 325.75 434,54
10-10 200.55 239,23 315.25
10- 9 205.49 245,13 323,02
10~ 6 233.02 277.96 366.29
10- 3 294,05 350,75 L62,23
9- 6 237.30 283.07 373.02
9- 3 297 .46 354,82 L67.58
6~ 3 317.09 378.24 488 . 45
BODY WALL
20-10 37.20 Lk .37 58.47
20~ 9 38.54 45,97 €0.58
20- 6 Ly, 64 53.25 76.17
20- 3 59.44 70.91 93 .44
10-10 L2 .95 5y, 24 67.52
10~ 9 Lty 13 52.64 69.37
10- 6 L9, 54 59.09 77.87
10- 3 63.22 75.41 99.37
9- 6 50.56 60.31 79.48
9~ 3 64,01 76.36 100.62
6- 3 67.93 81.03 106.78

*level of significance
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COMPOSITION OF LIP{DS OF ADULT FEMALE ASCARIS LUMBRICOIDES

APPENDIX C

Total

Group Body Tissue Neutral
Wt. Wt. Lipid Lipid

_gm,. gm. {mg.) (mg@)* (mg.) (mg%)

BODY WALL , oo

Control 43.06 19,49 164.0 380.9 57.67 133.9

Air/co , ' :

2nd day 42.58 16.62 134.2  315.2  48.67  114.3

Lth day 42.05 15.29 126.4 300.6  35.70 84.9

Nzlco2 ‘

2nd day 42,52 16.53 144.8 340.5 54.52 128.2

Lth day 28.60 11.11 101.0 353.1 28.80 100.7

OVARY AND OVIDUCT

Control 43,06 3.27 340.2 790.1 282.07 655.1

Air/co ’

2nd day 42,58 3.15 352.0 826.7 298.54 701.1

Lth day L2 .05 2.73 303.4 721.5 257.43 612.2

N,CO

23d Zay 42,52 2.76 322.6  758.7 270,65  635.5

hth day 28.60 2.66 240.8  8L2.0  257.48 | 725.5

UTERUS_AND EGGS

control 43,06 5.24 228.2 530.0 1455 .46 337.7

Air/co, , _

2nd day L2.58 7.61 344.0 807.9 213:66 501.8

Lth day 42,05 L 87 298.4 709.6 190,62 453.3

N,CO .

284 day 42.60 4.99 190.8° 448.7 102,38 240.8

Lth day 28.60 3.19 153.8 537.8 90.32 ° 315.8

*{mg %) mg. 1ipid/100 gm. weight
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TISSUES AFTER STARVATION UNDER AIR/5% CO, AND NITROGEN/5% COp

Nonvolatile

Phosphoé Volatile
' Lipid ' , Fatty Acids- Fatty Aclds
{mg.) (mg%) (mg.) (mg%) (mg.) __(mg%)
106 .43 247.6 13.60 31.58 22,03 51,16
85.52 - 200.9 5.80 13.62 30.13 70.76
90.75 215.8 7.15 17.00 31.74 75.48
90.87 213.7 5.92 13.92 21.43 50.40
72.18 252.4 6.87 214,02 13.08 45.73
58.34 135.5 53.50 124,24 118.54 275.29
53,49 125.6 56.70 133.16 149.12 350.21
L7 .21 112.3 46 .80 111.30 101.37 241.07
52,67 123.9  47.33 111.31 127.31 299,41
33,50 171 49.80 174.13 128.06 uis7 .76
82.76 192.2 26.00 © 60.38 90.00 209.01
130.11 305.6 40.60 95.35 122.02 ' 286.57
107.99 256.8 38.30 © 91.08 121.03 287.82
88.34 207.8 15.80 37.16 52.91 12k, b4k
222.3 18.70 65.38 46,00

,63,,,.. 58

161.05
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APPEND IX D

_ “RESULTS OF OXIDATION OF FATTY ACIDS BY
M!TOCHONDRIA {SOLATED FROM MUSCLE FROM ASCARIS B8ODY WALL

Each of the test tubes in the following incubation system contained 60
pMoles sodium phosphate buffer, pH 7.4, 10 pMoles MgCl,, 10 uMoles KCI, 10
uMoles KCN, 1.53 x 10=7 M 2,6=dichlorophenol indophenol "and .0.15 mg. phenazine
methosul fate in a final volume of 6 ml. The amount and kind of substrate and
enzyme preparation are indicated for each tube. All incubations were carried
out at room temperature under air unless otherwise indicated, The results
are expressed in micromoles of dye reduced per gram of muscle 'tissue per hour
of incubation, ' "

The eight sets of tubes (HI~H8) all contained a. homogenate of the body

wall. Set Sl contained supernatant. Sets DI=D5 contained unbroken cells and
debri sedimented at 500 g . Sets MlI=M24 contained mitochondria.

HOMOGENATE ¢

Hl. Each tube contained the homogenate of .05 gm. of muscle.

N pMoles/gm./hr.
4,0 uMole-acetate 2.40
L.0 yMole propionate 3.60
L,0 pMole butyrate : 5.62
4.0 puMole 2-methylbutyrate 4.01
4,0 pMole 2-methylvalerate 9.22
0.4 pMole palmitate 1.20
0.4 pMole oleate 0.4

H2. Each tube contained the homogenate of 0.1 gm. of muscle
pMoles/gm./hr.
0 pMole 2-methylvalerate 1.43
0 pMole 2-methylvalerate 3.83
0 puMole 2-methylvalerate 10.0' uMole NaHCO, 2.40
0 pMole 2-methylvalerate 10.0 pMole NaHCO3 4.06
1 puMole oleate 0.23
8 uMole oleate 2.63
1 pMole oleate 10.0 uMole NaHCO 0.23
8 pMole cleate 10.0 pMole NaHCO3 1.66

H3. Each tube contained the homogenate of 0.81 gm. of mﬁscle. These
tubes were incubated under N,/5%C0,.

pMoles/gm./hr.
L,0 pMoie 2-methylvalerate 1.88
4.0 pMole 2-methylvalerate +10.0 uMole NaHCO 1.24
0.4 uMole oleate 1.24

0.4 yMole oleate -+ 10.0 pMole NaHCO4 0.00



Hlt.

H5.

H6.

H7.

Each tube contained homogenate from 0.05 gm, of muscle tissue.
pMole/gm./hr.

from 4.0}

APPENDUX D. ContinUed»

2-methylvalerate 14,04
2-methylvalerate + 80.0 pMole malonate 17.04
e palmitate ‘  Lh.02
paimitate + 86.0 pMole malonate ' 1.98
oleate 3.00
oleate + 80.0 pMole malonate L.o2

1
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contained hom@genate ouhlch had been frozen for 24 hours)

gm. of muscle tassue.

: uMole/gm./hr,
acetate <99
acetate + 10.0 pMole- NaHCO3 : 1.50
propionate .99
propionate -+ 10.0 uMole NaHCO3 1.50
2-methylvalerate : .75
Zumethylvaﬂerate 10.0 pMole NaHCO3 .99
oleate o2k
oleate + 10.0 pMole NaHCO, .24

Each tube contained homogenate from 0.1 gm. of muscle tissue from
worms starved 48 hours.

L.0 puMole

L.0 pMole
L,0 yMele
L,0 pMole

L
0
0

- 4.0 pMole

.0 pMole
L4 pMole
b

pMole

Each tube

pMole/gm./hr.
acetate 2,52
acetate + 10.0 uMole NaHCO3 - h,02
proplionate 4 1.98
propionate + 10.0 uMole NaHCO 2.52.
2-methylvalerate 3 5.52
2-methylvalerate + 10.0 uMole NaHCO 5.52
oleate 3 1.98
oleate + 10.0 uMole NaHCO3 3.48
contained homogenate from 0,03 gm. of muscle tissue.:
uMole/gm./hr.
2-methylvalerate - 3.30
2-methylvalerate + 1.0 pMole malonate 11.58
2-methylvalerate : 16.56
2-methylvalerate + 2.0 pMole malonate 26 .46
2 2-methylvalerate 0.00
2-methylvalerate + 1.0 uMole malonate 4,98
2-methyivalerate -3.30

2-methylvalerate + 2.0 uMole malonate 3.30



H8. Each tube contained homogenate from 0.03 gm. of muscle tissue,
pMole/gm./hr,
2.0 pMole 2-methylvalerate =0.36
0.01 pMole palmitate + 1.0 pMole malonate 0.00
0.02 uMole palmitate + 2.0 yMole malonate 0.36
0.08 pMole palmitate + 8.0 pMole malonate =2.15
0.01 pMolée palmitate 0.72
0.08 uMole palmitate 0.36
0.01 uMole cleate + 1.0 pMole malonate =0.72
0.02 puMole oleate + 2.0 pMole malonate =1.43
0.08 uMole oleate + 8.0 pMole malonate =2.51
0.0} uMole oleate 0.36
0.08 uMole oleate 1.08
SUPERNATANT :

sl. Each tube contained supernatant from 0.02 gm. of muscle tissue.

1.0 pMole 2=methylvalerate

8.0 puMole 2-methylvalerate

1.0 uMole Z-methyivalerate + 10.0 uMole NaHCO
8.0 pMole 2-methylvalerate + 10.0 uMole NaKCO3
0.1 uMole oleate

0.8 uMole oleate

0.1 uMole oleate + 10.0 uMole NaHCO

0.8 puMole oleate + 10.0 uMole NaHCOg

CELL DEBR]:
b1, Each tube

APPENDIX D Continued

pMole/gm./hr.
6.00
1.68
6.00
1.68
=1.68
.00
-1.68
0.00

contajned cell debri from 0. 1 gm. of muscle tissue.

pMole/gm./hr,

1.0 uMole 2-methylvalerate 3.25
L,0 puMole 2-methylvalerate L, L
0.1 uMole heptancate -0,28
1.0 uMole heptanocate 0.00
0.01 pMole paimitate =0.28
0.1 uMole palmitate 0.28
0.01 pMole oleate =0,28
0.1 pMole oleate =0.28

109
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APPEND !X D Continued

D2, Each tube contained cell debri from 0.077 gm. of muscle from worms
starved 3 days. : ‘

pMole/gm./hr.
1.0 uyMole 2-methylvalerate : 2,62
L,0 pMole 2-methylvalerate L. LL
1.0 yMole heptanocate - - «0,79
4,0 yMole heptanoate ; -1.03
0.1 yMoie palmitate . o -0,26
0.4 yMole palmitate : 0.00
0.! uMole oleate -0.79
0.b yMole oleate , : 0.00

D3. Each tube contained ceﬂB debri frOm 0.05 gm. of muscle from wo rms
starved four days. ‘

pMole/gm./hr.
1.0 pMole succinate T 8.04 ¢
1,0 pMole succinate + 0.01 uMole oleate - 7.36
1.0 uMole succinate + 0.0L4 uMole oleate 8.68
1.0 pMole, succinate + 1.0 uMole 2=methylvalerate 10.04
1.0 uMple succinate + 4,0 pMole 2=methylvalerate : 10.04

D4, Each tube contained cell debri 0.01 gm. of muscle tissue.
: . pMole/gm, /hr.

L,0 uMole acetate 0.09
4.0 pMole acetate +10.0 pMole NaHCO, 0.24
4.0 pMole propionate , 0.5]
4,0 uMole proplionate + 10.0 uMole NaHC03 , 0.5}
4.0 yMole 2-methylvalerate ‘ 6.78
4,0 yMole 2-methylvajerate +10.0 pMole NaHCO3 7.02
0.4 pMole oleate 0.51,
0.4 pMole oleate + 10.0 pMole NaHCO, 0.24

'D5. Each tuybe contained cell debri plus mitochondria from 0.05 gm of
muscle tissue, :
' pMole/gm./hr.
1.0 pMole 2-methylvalerate L.86 -
0 pMole 2-methylvalerate : o 9.
0 uMole 2=methylvalerate + 10.0 pMole NaHCO 5.
0 pMole Zemethylvalerate +10.0 yMole NaHCO3 9.
| pMole oleate i 0.
8 uMole olegate 0.
1 uMole cleate + 10,0 pMole NaHCO -0.86
8 uMole oleate + 10,0 uMole NaHCO3 -0.29

8

71
15
L2
56
29



APPENDIXVD Continued

MITOCHONDRIA :

Ml.

M2,

M3o

Mb.

Each tube contained mitochondria from 0.05 gm., of muscle tissue.’

0 uMole 2-methylvalerate
.0 yMole 2-methylvalerate
0 uMole 2~methylvalerate
0 uMole 2=-methylvalerate:

pMole/gm./hr.
9.02
11.36
12,70
14,36

Each tube contained mitochondria from 0,05 gm. of muscle tissue.

0.1 uMole oleate
+2 pMole.oleate
.t pMole oleate
.8 pMole oleate -
.0 pMole butyric
0 uMole butyric
0 uMole butyric
0 pMole butyric

yMole/gm./hr.
' "'0.5;1
"0 073
«0.73
-0.92 .
-1.09
2.19
3.28.
4.0l

Each tube contained mitochondria from 0.05 gm. of muscle tissue.

- 1.0 pMole butyrate

2.0 pMole butyrate
4,0 uMole butyrate
1.0 pMole propionate
2.0 yMole propionate
4,0 pMole propionate
1.0 uMole acetate
2.0 pMole acetate
L.0 pyMole acetate

L.,0 pMole 2-methylvalerate

pMole/gm./hr.
1.69

111

Each tube contained mitochondria from 0.05 gn. of muscle from worms

starved for 5 days

1.0 pyMole 2=-methylvalerate
L.0 puMole 2-methylvalerate
0.1 gMole heptanoate

0.4 pMole heptanoate

0.01 pMole palmitate

0.04 pMole palmitate

0.0l pMole-oleate -

0.04 pMole oleate

pMole/gm./hr.
0.67
Q.84
Q.17
0.17"
0,17
0.00
0.00
0.33
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M6 .

M7.

‘M8.
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Each tube contained mitochondria from 0.02 gm. of muscle tissue.
‘ : pMole/gm./hr.
1.0 pMole 2-methylbutyrate +2.0 puMole succinate 7.85
2.0 pMole 2=methylbutyrate+ 2.0 pyMole succinate 8.57 -
L,0 yMole 2-methylbutyrate +2.0 pyMole succinate 8.21
8.0 uyMole 2-methylbutyrate +2.0 puMole succinate 8.2]
16.0 uMole 2-methylbutyrate +2.0 pMole succinate 8.93
1.0 pyMole oleate + 2.0 pMole succinate 6.43
2.0 uMole oleate + 2.0 pyMole succinate 3.93
L.0 uMole oleate + 2.0 yMole succinate =0,72
8.0 pMole oleate + 2.0 pMole succinate <1 Lk
16.0 uMole oleate + 2.0 pMole succinate -4,29
Each tube contained mitochondria from 0.05 gm. of muscle tissue.
) uMole/gm./hr,
L.,0 pMole acetate =1.25
4,0 uMole propionate =1.25
4.0 pMole butyrate 2.10
L,0 uMole 2-methybutyrate 2,50
L,0 uMole 2-methylvalerate 10.85
0.4 uMole palmitate 0.83
0.4 uMole cleate - =0.43
Each tube contained mitochondria from 0.05 gm. of muscle tissue.
pMole/gm./hr.
1.0 pMole 2-methylvalerate 27.06
L,0 uMoie 2-methylvalerate 27.06
0.1 uMole palmitate =1,02
0.4 pMole palmitate 0.00
0,01 pMole palmitate 0.00
0.04 pMole palmitate =1,02
0.1 uMole oleate” ’ =1.02
0.4 pMole oleate =1,02
0.0l pMole cleate =1.02
0.04 uMole oleate 0.00
Each tube contained mitochondria from 0.05 gm. of muscle tissue,
pMole/gm./hr.
10.0 pMole 2-methylbutyrate 2.07
%20.0 pMole 2<methylbutyrate 1.07
40.0 uMole 2-methylbutyrate 3.01
80.0 gMole 2-methylbutyrate L.26

*diluted by mistake
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Each tube

pMole
uMole
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0 pMole
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0 uMole
0 pMole
0 pMole
0 pMole
0
0
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0
0
0
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contained mitochondria from 0.05 gm, of muscle tissue.

2-methylbutyrate
2=methylbutyrate + 1.0
2-methylbutyrate + 2.0
2-methylbutyrate + 4.0
2-methylbutyrate + 8.0
succinate

succinate

succinate

succinate’

contained

succinate

succinate + .01 uMole
succinate + .02 pMole
succinate + .04 pMole
succinate + .08 pMole
succinate + .01 uMole
succinate + .02 pMole

succinate + .04 pMole
succinate + .08 uMole
succlnate + .1 uMole
succinate + .2 pMole
succinate + .4 uMole
succinate + .8 uMole

pMole succinate
pMole succinate
uMole succinate
pMoBe succinate

oleate
oleate
oleate

‘oleate

palmitate

palmitate

palmitate
palmitate
heptanoate
heptanoate
heptanoate

heptancate -

puMole/gm./hr.
2.76
10,28
11.28
13.29
13.29 -
- 5,27
8.03
9,27
'12.03.

mi tochondria from 0.05 gm. of muscle tissue.

Mole/gm /hr.
0.66
0.66
0.66
0.66
0.66.
0.66
0.34
0.66
0.3k
0.34
0.34
0.84
0.84

113

contained mitochondria from 0.05 gm. of muscle from werms
starved for 3 days.

oleate

oleate

oleate

‘oleate

oleate + 1.0 uMole fumarate

oleate + 1.0 pMole fumarate

oleate + 1.0 pMole fumarate

oleate + 1.0 uMole fumarate

oleate + 1.0 puMole succinate
oleate + 1.0 uMole succinate
oleate + 1.0 pMole succinate
cleate + 1,0 uMole succinate
fumarate

succinate

pMole/gm./hr.
0.48

» * e - .

.
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Mi2, Each tube contained mitochondria from 0.08 gm, of muscle tissue.

yuMole/gm,/hr.

80.0 uMole 2-methylbutyrate 0.94
80.0 yMole 2-methylbutyrate + 4.5 uMole ATP 1.26
80.0 yMole 2-methylbutyrate + 20.0 uMole succinate 10.02
80.0 uMole 2-methylbutyrate + 20.0 yMole succinate + 4.5 u

pMole ATP 10.34
Lo.0 pMole cleate ' 0.22
4.0 yMole oleate + 4.5 uMole ATP : 0.22
40.0 yMole oleate + 20.0 uMole succinate 7..52

40.0 yMole oleate + 20.0 uMole succinate + 4.5 pMole ATP 7.42

M13. Each tube contained mitochondria from 0.05 gm. of muscle tissue,

pMole/gm./hr.
Li'.S MMO“G ATP ‘ 31"'6
2.0 pMole 2-methylbutyrate 1.68
2.0 pMole 2-methyibutyrate + 9.0 uMole ATP 2,13
2.0 pMole 2-methylbutyrate + 9.0 uMole ATP + 0.06 pMole
Lyt 6 1.53
2.0 uMole 2-methylbutyrate + 9.0 uMole ATP + 0.06 pMole .
Cyt ¢ + 1.0 puMole fumarate 1.83
2.0 pMole 2-methylbutyrate + 0.06 uMole Cyt c c 483
2.0 uMole 2-methylbutyrate + 0.06 pMole Cyt ¢ + 1.0 .
pMole fumarate 2.13
2.0 uyMole 2-methylbutyrate 4+ 1.0 pMole fumarate 1.83
2,0 pMole 2-methylbutyrate + 9.0 uyMole ATP + 1.0 pMole =
fumarate ' 1.83
M4, Each tube contained mitochondria from 0.05 gm. of muscle tissue.
: uMole/gm./hr,
4.0 pMole 2-methylvalerate 13.34
1.5 puMole ATP + 0.025 puMole CoA ‘ 2.01
b-o5-pMote ATP + 0.025 uMole CoA + 4 pMole 2-methylvale= ‘
‘ : , . rate 13.02
1.5 uMole ATP + 0.025 uMole CoA + .4 pMole cleate 0.00
1.5 yMole ATP + 0.025 pMole CoA + .4 pMole palmitate =0,51
3.0 pMole ATP + 0,025 pMole CoA 4,02
3.0 puMole ATP + 0.025 pMole CoA + 4 pMole 2-methylvale= »
, rate 14.55
3.0 pMole ATP + 0.025 uMole CoA + .04 pMole oleate 4,02

3.0 pMole ATP + 0.025 pMole CoA 4+ .04 pMole palmitate L.,o2



M15.

Mné.

M17.

M]s.
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Each tube contained mitochondria from 0.05 gm, of muscle. tissue.

pMole/gm./hr.

L,0 yMole 2-methylvalerate + 60.0 pMole each of ,

KC, MgCly, NaCN 12.54
k.o pM@ﬂe 2-methylvélerate +60.0 uM@“e MgCl,, NaCN, B

+10.0 gMole KEl 14,0k
4.0 yMole: Zamethyﬂvaﬁ@rate +560.0 pMole KC1, Mgclz, .o

+10.0 pMole NaCN 13.02
4.0 pMole 2-methylvalerate + 60.0 yMole KCI, NaCN,

+10.0 pMole HgCl, 12.54
0.4 pMole oleate + 60.0 uMole KC1, #gCly, MaCN 0.00 .

0.4 yMole oleate + 60.0 pHole Mg@ﬂzg NaCM + 10 uMole KC! 0,00

0.4 uMole oleate + 60,0 pMole KCI, Mgcﬂz, + 18.0 uMole

NaCN  0.00
0.4 yMole oleate + 60.0 uMole Kel, Naty +10.0 ubole
- MgCl 6.00
0.4 pMole oleate +10.0 pMole KCH, NaCi, MgCl, 2 0.5
Each tube contained mitochondria from 0.05 gm. of muscle tissue,
- pMole/gm./hr,
L.0 yMole 2-methylvalerate 20,04
4.0 yMole 2-methylvalerate +80 pMole malonate 28.08
0.4 pMole palmitate 1.02
0.4 uMole palmitate +80 uMole malonate 1.02
0.4 pMole oleate .4 1,98
0.4 pMole oleate + 80 pMole malonate ' ‘ 1.98
Each tube contained mitochondria from 0.1 gm. of muscle tissue.’
| uMole/gm./hr.
0 uMole 2-methylvalerate 1.70
.0 pMole 2-methylvalerate + 1.0 puMole malonate 2.0k
.0 pMole 2-methylvalerate 2.38
.0 uMole 2-methylvalerate + 2.0 uMole malonate 2,38
.1 yMole 2-methylvalerate a , 0.00".
1 uMole 2-methylvalerate + 1.0 pMole malonate 0.23
.2 uMole 2-methylvalerate -0.57
.2 yMole 2-methylvalerate +2.0 pMole malonate 1.25
Each tube contained mitochondria from 0.08 gm. of muscle tissue,
oo pMole/gm,/hr.
2.0 uMole 2-methyivalerate ©1.95
0.01 uMole palmitate + 1.0 pMole malonate - =0,21
0.02 yMole palmitate + 2.0 pMole malonate - £.00
0.08 pMole palmitate + 8.0 pyMole maionate 6,39
0.01 pMple paﬁMutate : 0.00
0.08 uMole palmitate _ =0.21
0.0} uMole oleate + 1.0 uMole malonate 0.00
0.02 pMole oleate + 2.0 pMole malonate 0.21
0.08 pMole oleate + 8.0 uMole malonate 0.39
0.01 pMole oleate 0.00
0.08 uMble oleate ’ . =0,21
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M20.

M21.

M22.

.. APPENRIX D Contunued

Each tube centanned mitochondria from 0 @5 gm, of muscle tissue

incubated under N2/5% COs.

0 uMole 2umethy8v@ﬂ@mate

0 uMole chethylvaﬁefake + 2.0 yMole malonate
.02 yMole palmitate
0
0
0

L]

°

.02 pMole palmitate + 2.0 uMole maionatﬂ o
.02 pMole oleate
02 pM@B@ oleate + 2.0 pMole malonate

wyMole[gm./hr.

3.20
L.01
<0.L0
0.00
=0.40
=0.20

Each tube contained mitochondria from 0,05 gm. of muscle tissue

incubated under ajr/5% co,.
0 uMole 2-methylvalerate

9
0
.02 pMole palmitate

02 pMole palmitate + 2.0 pyMole malonate
02 uMole oleate

02 pMole oleate 4+ 2.0 pMole maﬂ@nat@

00 pMole Z-methylvalerate + 2.0 uMole malonate

uMole/gm./hr,
2.8}
2075
0.20
=0, k0
0.00
=].20

Each tube g@ntanned mitochondris fr@m g, @2 gm. of muscle tissue.

0 uMole 2=m@thyﬂvalerat@

0 uMole Z-methylvalerate

.0 uMole 2-methylvalerate + 10 uMole NaHCOS
0 uMole 2-methylvalerate + 10 pMole MaH£03
i gMoﬂe oleate A
8 uMole oleate

.1 uMole oleadte + 10 puMole NaHCO

.8 pMole oleate + 10 pMole NaH@OB

pMole/gm./hr
L.53
10.02
5.:51
10.02
=0.50
0.50
0.00
0.50

Each tube contained mitochondria from 0.0 gm. of muscle tissue.

.0 pMole 2-methylvalerate

.0 pMole 2-methylvalerate

.0 pMole 2-methylvalerate + 10.0 pyMole NaHCOq
.0 pMole 2-methylvalérate + 10.0 pMole NaHCO3
I uMole oleate

.8 pMole oleate

. | phole oleate + 10.0 pMole NaHCO

8 uMole oleate + 10.0 pMole NaH@@%

[

@@@@@a@w

uMole/gm./hr.
1.50
2.84
1.34
3.00
~0.16
0.0¢
=0.50
0.00
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APPEND X D Continued

Each tube contined 4.5 macr@mones of ATP and 40.0 macromoles of
2=methyﬂbutyratee The amount of mitochondria varied.
' uMele/gm./hr.,
mitochondria from 0.01 gm. of muscle 2,82
mitochondria from 6.02 gm. of muscle: 1.79
mitochondria from 0.04 gm. of muscle - L,10
mitochondria from 0,08 gm. of muscle 3.1k
mitochondria from 0.10 gm. of muscle : 3.23
Each tube contained mitochondria (which™had been stored in the
refrigerator for 48 hours) from 0.29 gm. myscle, and 80.0 micromoles
of 2-methylvalerate. 60 micromoles of sodium phosphate buffer at
each of the indicated pH values was used, v
buffer pH pMole/gm./hr.
6.0 : 1.38
6.2 - 1.43
6.h 1.87
6.6 1.94
6.8 1.85
7.0 1.98
7.2 .94
7.4 2.05
7.6 1.66
7.8 1.77
8.0 1.34
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APPENDIX E
GXBDATWON OF ‘FATTY ACIDS ON LARGE SCALE

Each of the following Bncubations.was carried out in a 125 ml flaék_‘
immersed in a water‘ééth'at 37%¢. Dye was added at intervals as
the color disappeared. All incubations were allowed to continue until dye
reduction stopped. [n all cases dye reduction continuéd for 13 to 2 h@urs;
The results are listed in terms of total micromoles of dye reduced aﬁd miér@b
moles of dye reduced per gram of muscle.

LS1. Each flask contained the mitochondria from 1.07 gm. of muscle,
300 micromoles of sodium phosphate buffer pH 7.4, 50 micromoles each of

' ’MgCBZa KC1, and KCM. 200 micromoles of substrate was added to each flask,

" DYE REDUCED

Substrate ' uMoles pMoles/gm,
tiglate 0.612 0.572
2-methylbutyrate }.071 1,001
2-methylvalerate 1.836 1.716

LS2. The experiment was designed as above except that each flask con=
tained mitochondria frem 2.7 gm. of muscle tissue and the phosphate buffer
was reduced to 150 micromoles.

DYE REDUCED .

Substrate pMoles " pMoles/gn,
tiglate 0.612 - 0,227
2-methylbutyrate 1.224 0.453
Zam@thyﬂvalerate 1 .836 0,680

L53 Each flask contained mitochondria from 3.34 gm. of muscle, other=
wise the c@ntents were the same as L$2.

. DYE REDUCED
Substrate yMoles yMoles/gm.
100 uMoles 2-methylvalerate 2.448 ! 733
100 yMoles 2-methylvalerate plus ’
100 yMoles malonate 3.366 : 16008
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APPENDIX E Continued

LS4, Two identical flasks were set up each containing mitochondria
from 15 gm. of muscle. The amount of sodium phosphate buffer was increased
to 750 micromoles but the other ingredients were the same. The final
volume of each flask was 90 ml.

DYE REDUCED
Substrate pMoles pMoles/gm.
300 pMoles 2-methylbutyrate 91.8 6.120

LS5. Each flask contained mitochondria from 30 gm. of muscle, 3
millimoles of sodium phosphate buffer, and the same amount of the other
salts as listed above. 300 micromoles of substrate was added to each tube.
The final volume was brought to 60 ml. with distilled water.

DYE REDUCED

Substrate pMoles pMoles/gm.
2-methylbutyrate in air 7.65 0.255
2-methylbutyrate in N 38.25 1.275
2-methylvalerate in atr 22.95 0.765

2-methylvalerate in N 53.55 1.785

2

LS6. Each flask contained mitochondria from 21.5 gm. of muscle and
200 uMoles of substrate in addition to the buffer and salts as in LS5.
Incubation was under nitrogen.

DYE REDUCED
Substrate pMoles pMoles/gm.
2-methylvalerate 76.5 3.558

LS7. Each flask contained 3 millimoles of sodium phosphate buffer
300 micromoles of KCN, mitochondria from 15.5 gm. of muscle and 200 uMoles
of substrate under nitrogen.

DYE REDUCED

Substrate pMoles pMoles/gm.
2-methylbutyrate 61.2 3.948
propionate 52.5 3.387

LS8. Incubation was as in LS7. Each tube contained mitochondria from
15 gm. of muscle.

DYE REDUCED

Substrate pMoles pMoles/gm.
2-methylvalerate in air 7.65 0.510
2-methylvalerate in N 30.6 2.040
2-methylbutyrate in air 6.65 0.510
propionate in air 0.00 0.000
acetate in air 0.00 0.000
acetate in N 0.00 0.000

2
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APPENDIX E Continued

LS9. The centents of each flask were the same as in LS8 with the
exception of the substrate. '

Substrate
pyruvate in air
pyruvate in N,
guccinate in air
succinate in Ny

DYE REDUCED,

pMoles yMoles/gm.
0.0 0.000
22,9 1.527
53.5 3.567.
v 8l 1 5.607

LS10. This series of flasks was incubated in the absence of dye.
Mitochondria from 14 gm. of muscle was added to each flask, The other

ingredients were as in LS8,

Substrate
2-methylbutyrate
2=methylbutyrate
2=methylvalerate
2-methylvalerate

propionate in air

propionate in Ny

in air
in N,
in atr
inN,

-DYE REDUCED ‘
pMoles - uMoles/gm.

No dye was added to these
flasks



APPENDiX F

END PRODUCT ANALYSIS

Column chromatography r value ® .migration of band in cm/movement of the meniscus of the solvent

in cm. ‘ :
Paper chromatography rf value = distance of center of the spot from the origin/distance solvent

front from the origin

LS1=3 insufficient end product to identify by the methods used. .
LSL=5 Methods used resulted in loss of volatile fatty acids.
LS6 Substrate . r rf Fatty Acids
2=methylvalerate-inmué 0.035 ?
0.47 propionate
1.73 2-methylvalerate
LS7 2-methylbutyrate in N, 0.035 ,, 1
' 0.20 0.085 acetate
0.38 (faint) 0.179 propionate
1,81 0.382 2-methylbutyrate
propionate in Ny 0.031 ' ?
0.20 0.080 acetate
0.38 0.176 propionate

1.78 0.43 a CS acid?

ict



APPENDIX F Centinued

LS8

LS9

Substrate
2-methylvalerate in air

2-methylvalerate in N,

2-methylbutyrate in air

propionate in air

acetate in air

acetate in Ny

pyruvate in air

pyruvate in N2

succinate in air

succinate in No

*absorbed ultraviolet light

e £t
0.45
1.66
0.39 (faint)
1.78 0.57
0079
1.25
1.68 0.42
0.4k | 6.18
1.66
0.17 a.1
0.15 oo.n
0.44 (very faint)
0.005
0.098 0.11
0.174 (faint)
0.016
0.104 0.11
0.0076 0.0
0.086 0.08%

0.00

0.082 6.07*

Fatty Acids
propionate
2-methylvalerate

propionate
2-methylvalerate

?
2
2-methylbutyrate

propionate
a Cg acid?

acetate

acetate
propionate?

?
pyruvate
acetate

?
pyruvate

succinate
fumarate?

succinate
fumarate

(44l



APPEND X F

Continued

Lsio

Incubation in the absence of dye

Substrate

2-methylbutyrate in air

2-methylbutyrate in N2

2-methylvalerate in air
2-methylvalerate in N

propionate in air

propionate in N

2

2

r

0.20
0.52
1.65

°

1.7

f

“f

{(very faint)0.!}

o
w

13
n56

j= =

0.13
0.56

0.11
0.56

0.20

0.2t

437

- Fatty Acids
acetate
propionate
2-methylbutyrate

acetate
2-methylvalerate

acetate
2-methylvalerate

acetate )
2-methylvalerate

propiénate
a Cg acid?

propicnate

€z1
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Appendix G. rGas=liqdid”chfbmafogkam'Of the methyk-esters of the non-
volatile acids of the saponifiable neutral lipids of the body wall of

worms starved 4 days under 95% air/5% C
graphed on- a column packed with Gas Chr

o%CL

The sample was chromato-
H coated with 14.5% ethylene

glycol suceinate, at 168°C. and an argon pressure of 16 psi. The peaks
were identified as follow5°

. ¢ o

1
2
3
b,
5.
6.
7.
8.

9.
10.

11,

9:0br
10:0
11:0
12:0
1320br
1330
14:0
15¢0br
1510
1610
1631

12.
13.

14,

i5.

16.

17.
18,
19.
20.
21,
22,

17:0
16:2
18:0br
18:0
1831
1832
20:1
i8:3
21:0
FARS!
23:0



125

(=4

(s

y
gt
T
A
NIy
»
LT
s
=
Pttt
&
(\ei
By
\!
O

A
FA N

2kl




126

Appendix H. Gas=liquid chromatogram of the methyl esters of the fatty
acids of the saponifiable neutral lipids of the body wall of worms
starved 4 days under 95% N,/5% COZ, The sample was chromatographed

on a column packed with Gas Chrom“CLH coated with 20% Apiezon L at
200°2 C., and at an agron pressure of 20 psi. Tentative identification
of the peaks was as follows:

1. 7:0br 12. 12:0br 23. 17:0
2, 810 13. 1331 24, 18:2 ¢ 3
3. —8t0br 14, 13:0br 25, 1831
b, 9:1 15. 13:0br 26. 18:0
5. 9:0 16, 1h:0 27. "19:2
6y 910br- 17. 15:1 28. 19:0
7. 10:0 18, 14:0br 29. 19:0br
8. 10:0br 19. 15:0br 36. 20:2
9, 11:0br 20, 16:1 31. 20:1
16, 11:0br 21, 16:0 32. 20:0

1. 12:0 22, 17:1
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Appendix |. Gas=liquid chromatogram of the volatile fatty acids from
the saponifiable lipids of the uterus plus eggs of Ascaris lumbricoides.
The sample was chromatographed on a column packed with Gas Chrom CLP
coated with DC550/15% Stearic acid at 1009C and an argom pressure of 16
psi. The peaks are ldentified as followsy 1. formic acid, 2. acetic
acid, 3. propionic acid, L. unknown, 5. isovaleric acid, 6. 2=
methylibutyric acid, 7. nevaleric acid, 8. 2-methylvaleric acid.
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