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Chapter 1

INTRODUCTION

1.1. The Nomenclature of Branched Chain Fatty Acids

Fatty acids containing a branched carbon skeleton have been isolated
from different sources, and in most cases the branch chain consists of a
single methyl group. The branched chain fatty acids have been named
according to two different conventions. According to one system the
branched chain fatty acid is regarded as having a straight chain with a
methyl side group on one of the carbon atoms and the name of the acid is
derived from that of the straight chain acid to which the methyl group
is attached. For example, a branched chain fatty acid containing Cl5
carbon atoms, with a methyl group on carbon atom 13, is known as

1l3-methyltetradecanoic acid (Figure 1).

CHs3-CH=(CHp) - COOH
CHs

I3-methyltetracecanoic acid
(iso-pentadecanoic acid)

Figure 1
The second system of naming branched chain fatty acids is applicable
only in the case of fatty acids having the methyl side chain on the
penultimate, or ante-penultimate carbon atom. Branched chain fatty acids

having a methyl group on the penultimate carbon atom belong to the iso
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fatty acid series. For example, l13-methyltetradecancic acid is also termed
isopentadecancic acid (Figure 1). If the methyl group is on the ante-
penultimate carbon atom the fatty acid belongs to the (+)-anteisc fatty

acid series. An example of this series of acids is (+)-l2-methyltetradecanoic

acid, or (+)-anteisopentadecancic acid (Figure 2).

CH3-CHy~CH=(CH);o-COOH
CHs

|2-(+)-methyltetradecanoic acid

(ante-isopentadecanoic acid)

Figure 2

Branched chain fatty acids of the (+)-anteisc series will exhibit
opticél rotation due to the sterecchemical configuration of the methyl side
chain about the ante-penultimate carbon atom. The direction of rotation is
indicated by the insertion of the appropriate sign (+ or -) before the
name of the fatty acid.

In this work the second system of nomenclature has been adhered to
wherever possible, in order to show the relationship between fatty acilds

of the same series.

1.2. The Occurrence of Branched Chain Fatty Acids in
Naturally Occurring Lipids

The earliest reported discovery of a branched chein fatty acid in a
naturally occurring lipid was made by Chevreul who, in 1823, reported the
isolation of a volatile fatty acid with a branched chain structure from the

head and body oil of dolphins. The fatty acid was identified as isovaleric




Branched chain fatty ascids in cows' milk fat

TABLE 1

(8horland and Hansen, 1957)

Carbon Number

£ Patty Acld

Name of Fatty Acid

Letimated
per cent
of Total
Fatty Acids

O

20

iso

anteiso

is0

iso

antelso

iso

anteiso

branched

multi-branched

li-methyldodecanoic acid

(+)=10=methyldodecanoic acid

1Z2-methyltridecancic acid

13-methyltetradecancic acid

(+)-12-methyltetradecancic acid

iB5-methylhexsdecanoic acid

(+)=1hemethylhexadecancic acid

trace

G&léi

trace

trace
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acid by Gill and Tucker (1930). This has since been proved to be an
exceptional case, remaining the only known instance in which a branched
chain fatty acid is a major constituent of a triglyceride from depot fat.

Branched chain fatty acids have been isolated from extracts of the
tubercule and leprosy bacteria (Anderson and Chargaff, 1929; Anderson,
1932). The fatty acids were isolated and shown to possess more than one
terminal methyl group, which indicated their branched chain structurs.
Later studies of this fatty acid fraction showed that the acids concerned
were 1lO0-methyloctadecanoic acid (1lO-methylstearic acid) and the multi-
branched chain fatty acid, 3,13,19-trimethyltricosanocic acid (Ginger and
Anderson, 194L)., These acids were not present as components of
triglycerides but were found in the unsaponifiable material, presumably
esterified to alcohols to form waxes.

The wazes of wool grease have been found to contain appreciable amounts
of branched chain fatty acids of both the iso and anteisc series (Weitkamp,
1945). Branched chain fatty acids have been isolated from the coccygeal
glands of ducks and geese (Weitzel and Lennert, 195Ll; Weitzel et al.,
1952a, b; Murray, 1962). Murray (1962) has determined the structure of
branched chain fatty acids from this source and found that the two main
fatty acids of the waxes were 2,4,6,8-tetramethyldecancic acid, and
2,4,6,8-tetramethylundecanoic acid.

With the exception of isovaleric acid from dolphin triglycerides, all
of the preceding reports concernsd with the occurrence of branched chain
fatty acids indicate their presence in the non-glyceride fraction of
lipid extracts.

In a review of studies made on the fatty acids from butterfat,
Shorland and Hansen (1957) reported that branched chain fatty acids were
present in small proportions. Table 1 summarises their results.

Shorland and Hansen (1957) maintained that, in butterfat, the branched




chain fatty acids ccecurred in the neutral glyceride fraction rather than
as wax ¢sters similar to those found in wool waxz. The total bhranched
chain fatty acids of butierfat comprised about 2 per cent of the total
fatiy acids, while the unsaponifiable material (mainly cholesierol)
amounted to only 0.65 per cent of the tobal weight (Morice, 1951).
Consequently the amount of branched chain fatty acids is greater than
that which could be held in combination by the high molecular weight
ungaponifiable materizal present, and thus the fatty acids must be present
as glycerol esters. Branched chain fatty scids were first isolated from
butterfat by procedures which included hydrogenation (Hansen and Shorland,
1951) but later investigations using extraction procedures which did not
involve hydrogenation showed that branched chain fatiy acids were only
present in a saturated form (Shorland et al., 1955).

Hansen et al. {(1952a) have reported the presence of branched chain fatty
acids in ox perinephric fat. Both isc and anteiso Cl? carbon chain fatty
acids were present in trace amounts, as was the iso Clé carbon fatty acid.
These workers also examined the fatity scids in mutton tallow and found
evidence for the presence of isopentadecanoic acid, ischeptadecanolc acid,
and antelsopentadecanoic acid in trace amounts (Hansen et al., 1952a, b).
An examination of the milk fat of ewes by Gerson et al. (unpublished dats
quoted by Shorland, 1957) showed the presence of trace amounts of fattiy
acides of the anteiso series containing an odd number of carbon atons.
These fatty acids ranged from 613 to Ci? carbon atoms in chain length.

Branched chain fatty acids have besen isolated from shark liver oil by

dorice {(1952). She demonstrated the presence of traces of a multi~branched

o

318 carbon chain fatty acid in oil from this scurce. Unpublished work by

Morice (quoted by Shorland, 1956) indicated that small amounts - less than

0.05 per cent = of each of the following branched chain fatiy acids were

found in the same sample of shark liver oil:
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(a) iso branched chain series.
l13-methyltetradecancic acid.
l5-methylhexadecancic acid.

(b) anteisoc branched chain series.

(+)=1lhk-methylhexadecanoic acid.

The preseance of branched chain fatty acids in the milk fat of
goats has been reported by James and Martin (1956). Using Gas-liquid
Chromaﬁography (G.L.C.), these workers tentatively identified branched
chain fatty acids containing Cg to 018 carbon atoms from this source.
These fatty acids were not positively identified, and iso and anteiso
fatty acids containing the same number of carbon atoms were not resolved
on the column used. The proportions of the branched chain fatty zcids
present in the milk fat were not reported, bui observations on the
chromatograms published by these authors suggests that they were only
present in trace amounts. Human milk fat has been found to contain traces
of branched chain fatty acids with a chain length of from 013 to 517
carbon atoms (Insull and Ahrens, 1959).

The sebum from several species of mammals (human, rat, mouse, rabbit
and guinea pig) has been shown to contain branched chain fatty acids of

both the isc, anteiso and multi-branched type (James and Wheatley, 1957;

Wheatley and James, 1957).

The occurrence of branched chain fatty acids, and fatty acids containing
an odd number of carbon atoms, in the body fat of rats fed a diet containing
~bovine milk fat has been reported (Bhalerao et al., 196L). However, body

fats from rats fed a diet containing no milk or milk producits contained

none of these components. This work was interpreted as suggesting that
branched chain fatty acids and fatty acids with an odd number of carbon
atoms were not synthesized by the rat, but arose from a dietary source.

Livingston et al. (1957) found that 10 per cent of lh-methylhexadecanoic
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acid fed to rats on an otherwise fat-free diet was deposited in the depot
fat.
The phospholipids of a speclies of bacteria of the genus Sarcina have

been found to conmtain a C._. carbon atom branched chain fatty acid (ikashi

i5
and Saito, 1960). This fatty zcid has been tentatively identified as
(+)=1l2-methyltetradecanocic acid and constitutes the sole fatty acid component
of the phosphatidic acid isoclated from this organism. The acetone scluble
lipids of Sarcina were also found to contain a large proportion of this:

fatty acid. These workers have alsc reporited the presence of branched chain

fatty acids of the igo series in Bacillus subtilis sub sp. natto (Saito, 1960)

A study of the fatty acid composition of B. subtilis (strain ATCC 7059) has
been made by Kaneeda (1963%a), who found that the predominant fatty acids
isolated from this organism were the (+)-anteiso fatty acids, (+)=-12-methyl-
tetradecanoic acid and (+)-lb-methylhexadecanoic acid.

Macfarlane (1961) has found that the neutral lipid from the membranes

and whole cells of Micrococcus lyscdeikticus was a diglyceride which

contained branched chain fatiy acids. Of the total fatty acids, 77 per cent
was & branched chain fatty acld containing 015 carbon atoms. The fatty acids
from the membrane phospholipids were also predominantly (80-90 per cent)
fatty acids having a branched chain structure, of which (+)-1l2-methyl-
tetradecanoic acid was the most abundant. Further work has shown that a

branched chain fatty acid containing 515 carbon atoms comprised 42 per cent

of the total fatty acids of Micrococcus lysodeikticus (Lennarz, 1961}, while

a branched chain fatty acid containing 617 carbon atoms comprised a further
5 per cent of the total fatty acids.

Lipid extracts from the bacterial fraction of the rumen microbial
population of.a lactating cow have been found to contain a large proportion
of branched chain fatty acids (Keeney et al., 1962). Branched chain fatty

acids were also found, but to a far lesser extent, in the lipid extracts




TABLE 2

The relative percentage cowmposition of the fatty acids
of the lipid fraciions from mixed rumen bacteria,
mizxed rumen protozcz and of the rumen
organism Ruminococcus flavefaciens.

(Keeney et al., 1962)
RUMEN BACTERIA RUMEN PROTOZOA 'g. FLAVEFACTIENS
free Free
Neutral Fatty Polar | Neutral Fatty Polar Total

Fatty Acid® Lipid Acids Lipid Lipid Acids Lipdid Lipid

12:0 0.6 tr 1.5 - - - 0.7
br.13:0 tr tr 1.2 - - - 1.5

13:0 ty tr 0.7 - - 0.7 tr
br.1h:0 0.7 tr 1.3 - - - 2.0

14:0 2.0 G.9 3.8 1.0 tr 1.6 2.5
br.15:0 6.7 1.9 20.3 0.5 - 3.7 43,7

15:0 L.5 1.2 8.2 1.1 0.6 2.0 L.3
br.16:0 2.9 - 1.6 2.2 tr 1.1 9.3

16:0 26.1 16.9 30.6 26.5 1h.2 37.5 19.0

16:1 1.5 0.8 1.3 0.7 - 1.2

3.h

br.17:0 1.5 0.5 1.2 1.2 0.6 2.8

17:0 0.4 1.9 0.8 tr 1.3 0.8 1.8

18:0 10.7 58.9 6.5 12.3 68.3 10.3 L,1

18:1 16.2 12.5 1G.2 17.1 10.0 20.3 6.9

EREP SR L= 107 27.5 Lo 146 0.8

1583 - w - o -

18k o ; - - ¥ 5.z -
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from a frection comprising meinly rumen protozoa. The auvthors suggested
that the latter fraction was unlikely to be purely protozoa, and was
probably contaminated with bacteria which had adhered to the small food
particles which were present in the fracition. The lipid from these
hacteria could contribute to the branched chain fatty acids found in the
protozoal fraction. The results of these authors are summarised in
Table 2.

Keeney et al. (1962) also found that branched chain fatty acids were
present in the milk fat and blood serum lipids of the cow from which the
rumen samples were obtained. The proportions of the branched chain fatty
acids found in the milk fat corresponded to thoss published by Shoriand
(1957).

These authors (Keeney et al., 1962) alsc snalysed the total lipid of

the rumen cellulolytic asnaerobe Ruminococcus flavefaciens and found that

the branched chain fatiy acids, particularly those containing 615 carbon
atoms, comprised a lerge proportion of the total faitty acids (see Table 2).

Further work on R. flavefaciens and on the related rumen organism,

Ruminococecus albus, (Allison et al., 1962b) has revealed the presence of

large proportions of branched chain fatty scids in both the total lipid
and phospholipid fractions from these bacteris.
The presence of trace amounts of branched chain fatty acids of both

the iso and anteiso series in human faecal lipid has been reported (James

al., 1961; Sammons, 1961). Sammons (1961) also reported that small

!\‘@

i
<

guantities of branched chain fatty acids found in the faeces were not
present in the ileal discharge of the same human subject, indicating that
these fatty acids had srisen in the large intestine. This author suggested

that branched chain fatty acids may have arisen from the bacteris in the

large intestine, but he presented no direct evidence for this suggestion.

o
o
D

kel

regence of branched chain fatty acids in plant lipids has been
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reported (Shorland, 1961; Hansen and Cook, 1957). Hansen and Cook (1957)
found that tall oll, produced in the manufacture of wood puly from Pinus
raediata contained trace amounts of (+)=lbl-methylhexadecanoic zcid,
Shorland (1961) analysed the fatty acids of the acetone soluble lipids of

c

nin

o
ftn
"

ryegrass and found traces of branched chain faitty acids conta b

G, . and Cl? carbon atoms, but the presence of these branched chain fattiy

15

acids in the acetone insoluble lipids was nolt reported. This suthor's work

(Allison et al., 1962b) orn the grounds that the

el

has since been criticize
fatty acids were obiained after dialysis of the lipid extract through a

rubber membrane. GQuoting unpublished data of Katz and Keeney, Allison

t al. (1962%) stated that branched chain fatty acids containing 315 and

— S

G carbon atoms were present in hexane extracts of rubber membranes.

17

1.3. The Volatile Fatty Acids as Growth Faclors
for some Rumen Bacteris

Bryant and Doetsch (1954) showed that the rumen bacteria Bacteroides

succinogenes would not grow in a chemically defined medium unless rumen

fluid was added. Furither work (Bryant and Doetsch, 1955) revealed that the
growth factor necessary for culture of this organism was in the volatile
fatty acid fraction of the rumen fluid. Two groups of voelatile fatty acids
were ilsolated, one of which consisted of the straight chain fatty acids

containing C. to 08 carbon atoms, while the other group consisted of the

>
branched chain fatiy acids lsobutyric acid, isovaleric acid, and
2-methylbutyric acid., One fatty acid from sach group was reguired in the

culture medium for optimum growth of B. succinogenes.

Ruminococcus flavefaclens and Huminococcus albus have been found to

have an absclute growth requirement for isovaleric acid, but they do not
reguire a straight chain volatile fatty acid other than acetic acid
{(Allison, Bryant and Doetsch, 1958). The degradation of cellulose by

rumen bacteria in vitro has been found to be increased by the presence of
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volatile fatty acids of both branched and straight chain structure
(Bentley et al., 1955). Bryant and Robinson (1962) have studied the
growth of a large number of strains of rumen bacteria in chemically
defined media and they found that many strains, including some bacteria
which were not cellulose digesting, had a requirement for growth of one
or nmore of the branched chain volatile fatty acids.

The metabolic fate of the branched chain volatile fatty acids taken

up by R. flavefaciens has been studied by Allison et al. (1962a, b; 1963).

They found that isovalerate was incorporated into branched chain fatty acids
containing ClS and 017 carbon aboms, and also into the amino acid leucine.
These suthors are of the opinion that because of the unigue rumen

environment, which has a low level of free amino acids and a high level of
smmonia, there is a tendency towards selection of those organisms which are
capable of synthesizing many or all of their aminc acids from ammonia. It
has been shown that many rumen bacteria require ammonia, even when grown

in a medium containing a high level of amino acids (Bryant and Robinson, 1962)

Allison and Bryant (1963) suggested that R. flavefaciens required

branched chain fatty acids because the mechanism for the blosynthesis of
the isopropyl moiely was lacking or inadeguate.

Dehority et al. (1958) showed that in vitro digestion of cellulose by
mized rumen cultures was stimulated by the branched chain amino acids leucine,
vaeline, and iscleucine, as well as by the branched chain volatile fatty

acids isobutyric acid, isoveleric acid and 2-methylbutyric acid.

1.4, The Biosynthesis by Bacteria of Branched Chain Volatile
Fatty Acids from Branched Chein Amino Acid Precursors

The presence of branched chain volatile fatty acids in the rumen has
been reported by a number of workers (Grey et al., 1952; el Shazly, 1852a;
Lnnison, 1954) and their formation by the microbial degradation of amino

acids has been demonstrated (el Shazly, 1952b). EL Shazly (1952b) has
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postulated that the reactions involved could be the mutual oxidation-
reduction reactions first demonstrated by Stickland (1934, 1935). Stickland

found that snaercbic micro-organisms of the Clostridium family of bacteria

c@ntained gpecial pathways for the deamination of aminc acids. Suspensions
of these bacteria did not produce ammonia when any single amino acid was
added to the culiture medium, but some amino acids were deaminated 1f an
organic reducing dye was also present in the medium. Other amino zcids in
the culture medium were deaminated in the presence of organic oxidizing dves.
The protein amino acids have been classified into two groups on the
basis of their behaviour in this "Stickland reaction®, i.e. those that act
as reducing agents form one group while those which act as oxidizing agents
fall into a second group. Stickland (1934) found that alanine, leucine,
isoleucine and valine belong to the first group, while glycine, proline and
hydroxyproline are members of the second group. When one amino acid from

each group was added to the suspension of Clostridium cells there was an

intermolecular ozxidstion-reduction reaction with the concomitant production
of ammonia.

1 Shazly (1952b) has suggested that the volatile fatty acids isobutyric
acid, isovaleric acid and Z-methylbutyric acid could be derived from the
amino acids valine, leucine and igoleucine by way of reactions of the type
postulated by Stickland. He found that if hydrolysed casein was added to a
mixed suspension of rumen bacteria, there was an increase in the proportions
of the branched chain volatile fatty acids present. The amino acid proline
disappeared from the culture medium during the period of incubation and a
new amino acid, ®aminovaleric aclid, appeared. This evidence suggested that
the branched chain amino acids acted as hydrogen donors and the amino acid
proline was the hydrogen acceptor in these reactions (see Figure 3).
Presumably amino acids other than proline could function as hydrogen

acceptors in the rumen, e.g. glycine.
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The results of Dehority et al. (1958) supported those of el Shazly and
showed that when mixed suspensions of rumen bacteria were incubated in a
medium containing one of the branched chain amino acids, together with
proline, there was an increase in the proportion of the corresponding
volatile fatty acid in the medium. The amino acid ®&aminovaleric acid,
initially absent from the culture, was present at the end of incubation.
The addition of valine-1—014 to the culture medium resulted in a large
proportion of the radioactivity being recovered as 01402, as suggested by
the pathways shown (Figure 3). By slowing the rate of reaction, Dehority

et al. (1958) were able to show the presence of D‘-ketoisovalerate-l-cl4

14

as an intermediate in the formation of isobutyric acid from valine-1-C™ .

An amino acid catabolising strain of Bacteroides ruminicola has been

isolated and shown to produce isovalerate-l-C14 from leucine-Z-C14 (Bladen,
Bryant and Doetsch, 1961). To date this is the only rumen organism isolated
in a pure culture which has been shown to be capable of forming branched

chain volatile fatty acids in this way.

1.5. The Biosynthesis of Branched Chain Fatty Acids in Animal Tissues

The discovery of small proportions of branched chain fatty acids and
fatty acids with an odd number of carbon atoms in the milk and body fat of
certain animals, especially ruminants, has raised the question of their
biological origin. As the configuration of the carbon skeleton of these
fatty acids resembles that of the branched chain volatile fatty acids found
in the rumen, el Shazly (1952b) has suggested that branched long chain fatty
acids arise by condensation of several molecules of acetate with one molecule
of the appropriate branched chain volatile fatty acid precursor. A number
of workers have attempted to demonstrate, in animal tissues, the synthesis
of these long chain fatty acids from branched chain volatile fatty acids,
and also from fatty acids with an odd number of carbon atoms (Gerson et al.,

1960; Verbeke et al., 1959; Horning et al., 1961).
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Gerson et al. (1960) injected carboxyl Clg+ labelled n-valeric acid
into the jugular vein of a lactating cow and examined the radiocactivity
which occurred in the fatty acids of the milk. They found that the
distribution of the 614 label in the fatty acid molecules was consistent
with the breakdown of an-valeric acid to propionate and acetate and the
subsequent incorporation of these breakdown products into the long chain
fatty acids of the milk fat. The incorporation of propionate from the
blood into the fatty acids of milk fat has been demonstrated by Janes
et al. (1960), but Gerson et al. (1960) could find no evidence to indicate
the direct incorporation of unchanged n-valeric acid into long chain fatty
acids containing an odd number of carbon astoms.

The dncorporation of carboxyl Clg lebelled isovaleric acid into the
long chain fatty acids of milk fat has been studied by Verbeke et al. (1959).
In his experiments one hali of an isolated cow's udder was perfused with
blood containing gggvalerate~lnﬁl& while the other half udder was perfused

1k

with blood containing leucine~U~-CT . In the half udder perfused with

b

leucine«l—@l the radiocactivity was recovered mainly from the protein of
the milk while very little radioactive carbon dioxide was recovered,
suggesting that leucine was not metabolised to any great extent in the
udder tissue.

When isotopic isovaleric acid was perfused through the other half of
the udder a measurable proportion of the added radiocactivity (6 per cent)
140

was recovered as C which suggested that isovaleric acid was metabolised

25
to some extent by the udder tissue. The pattern of radicactivity in the
molecules of the fabtty acids of the milk and of the fat of the udder tissues
indicated that isovaleric acid was not incorporated specifically into the
branched chain fatty acids, but was broken down into a radicactive two-

carbon unit which was presumed to be acetic acid. This two-carbon unit was

then incorporated universally into the fatty acids of the wmilk fat. The
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breakdown of isovalerate to acetate and aceto-acetate has been demonstrated
in rat liver slices and in intact rats (Coon, 1950).

The in vitro synthesis of branched long chain fatty acids, and of long
chain fatty acids with an odé number of carbon atoms, has been demonstrated
(Horning et al., 1961). The precursors were shown to be the Coenzyme A
derivatives of volatile fatty acids containing either an odd number of
carbon atoms or & branched chain structure.

These authors used a partially purified enzyme system from rat
epididymal adipose tissue and the mechanism postulated involved the addition
of malonyl Coenzyme A units tc the appropriate Coenzyme A derivative of the
precursor involved. Horning et al. (1961) accounted for the very low
propertions of branched chain fatty acids in mammalian tissue by suggesting
that there was probably a correspondingly low concentration of the
appropriate branched chain acyl Coenzyme 4 precursors available to the
enzyme system. Keeney et al. (1962) are of the opinion that the biosynthesis
of branched chain fatty acids in animal tissues is not of great importance
and state that "It remains to be demonstrated in vivo that the appropriate
short chain odd and branched chain Coenzyme A esters become available to
the Horning enzyme system."

It is probable that propicnate could be incorporated by aniwmal tissues
into straight chained fatty acids containing an odd number of carbon atoms.
Jemes et al. (1960) found that, on injection of radicactive propionate into
the jugular vein of a lactating cow the activity was located specifically
in the fatty acids of nilk fat which had an odd number of carbon atoms.

However, the results of Gerson, Verbeke and Horning cast doubts upon
the biosynthesis in animal tissues of fatty acids conitaining a branched
carbon skelebton. Thus, a site other than in animal tissues must be found

for the blosynthesis of branched long chain fatty acids.
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1.6. The Biosynthesis of Branched Chain Fatty Acids by Bacteria

Branched chain fatty acids of the iso and anteisc series have been
isolated from mllk and depot fats of cattle and sheep, and from the wool
wax of sheep, and it has been suggested that these fatty acids might have
arisen from the micro-organisms iﬁhabiﬁiﬁg the digestive tracts of these
animals (Keeney et al., 1962).

Traces of branched chain fatty acids in the milk and depot fats of
humens, and other non-ruminant animals, could have originated from branched
chain fatty acids present in the diet when it included fat of ruminant
origin. Bhalerao et al. (1961) and Livingston (1959) have demonstrated
that when rats are fed a diet containing branched chain fatty acids, then
these acids are found in the depot fat.

The theory of the bacterizl biosynthesis of branched chain fatty acids
has been supported by the discovery that z large proporition of the fatty
acids from several species of bacteria have a branched chain structure
(Saito, 1961; Akachi and Saito, 1961; Macfarlane, 1961; Lennarz, 1961:
Keneeda, 1963a; Allison et al., 1962b), and that branched chain fatty
acids also constitute a large proportiocn of the fatty acids in the lipid
extract from mixed rumen bacteria (Keeney et al., 1962). These findings
have led to a considerable volume of work omn individual bacterial species
to determine the role of branched chaln volatile fatty acids in the
biosynthesis of branched long chain fatty acids of the bacteria.

Wegner and Foster (1961) reported that g‘_s_:__he.}mt;,zranl:e==l---C‘-3'L‘L and
isovalerate—l-cl& were incorporated into an uncharacterized fatty acid

from the rumen cellulolytic organism Bacteroides succinogenes. The

s,

-
incorporation of 2-meﬁhylbutyraée»U~C¢# and isoleucine-U«Cl into the

branched chain fatty acids of Micrococcus lyscdeilkticus has been followed

by Lennarz (1960) and the radioactivity from both of these metabolites

was incorporated specificaily inte the branched chain fatty acids containing
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been found to incorporate radiocactivity from iscvalerate~l-C approximately
equally into the cellular protein {(azs the amino acid leucine) and into the
cellular 1ipid fraction (41lison et al., 1962z, b). In the latter fraection,
74 per cent of the radiocactivity was present in a branched chain fatty acid
ng §15 carbon atoms, and 13 per cent in a similer fatty acid

containing Cl? carbon atoms. The phospholipids were obitained from the

=

contain

3

total lipid extract of RE. flavefaciens by precipitation with acetone and

about 63 per cent of the total radiocactivity was found in this fraction.
The total 1lipid and phospholipid fractions contained similsr proportions
of branched chain faity acids.

1) also noted the presence of long chain fatty
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aldehydes in the phospholipids of R. flavefaciens and suggested that they

were probably present in plasmalogens. A4 proportion of the aldehydes

resen ad & branched chain structure similar to th of the branche
» t had br hed c¢h t t 1 to that of the b hed

chain fatiy acids and those aldehydes with a branched chain containing
c and Cl“ carbon atoms contained more isoloplc carbon than those of a
1

straight chain configuration. This suggested that iscvalerate was a
precursor of branched chain fatty aldehydes as well as of branched chain

fatty acids in this organisnm.

>4 f'e) -, 1 2 s . Py - l‘}‘é
Allison et al. {1962b) has studied the incorporation of isobutyrate-1-C

o

into the cellulsr lipid of Ruminocogcus albus. These workers found that

this branched chain volatile fatty acid was incorporabed specifically idnto

the branched long chain fatty aclds containing GLQ and 516 carbon atoms.

. . 14 .
e isobutyrate-1-C was incorporated

g

In this experiment very 1ittle of t
into the protein fraction of the bacteriaz, while 96 per cent of the

incorporated radicactivity was recovered in the lipid fraction.
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The incorporation of branched chain volatile fatty acids into the

long chain fatty acids of Bacillus subitilis has heen studied by Kaneeda

(1963b). Addition of the volatile fatty acids isobutyrate, isovalerate
and Ze-methylbutyrate indiwvidually to the culture medium resulted in an
increase in the corresponding branched long chain fatty acids (Figure L).
1k . - . . . \
When C labelled branched chain volatile fatty acids were added to the
culture mediuvm, the isotopic labelling pattern found in the newly
synthesized fatty acids was alsc in agreement with this scheme. Growth
L .. 1 N .
of B. subtilis in the presence of valine-U-C resulted in the dncorporation
of some of the label into the iso branched chain fatty =acids containing Clh
. 14 et .

and 016 carbon atoms. However, when valine-l-0 was substituted for

. P _— . o P .
valine-U-C in a similar experiment, no radicactiviity was found in any of
the fatty acids. This is further evidence that the carboxyl carbon aton
of valine is lost during the coanversion of valine to isobutyrate.

A more detailed study has been made (Kaneeda, 1963c) of the pattern
of radiocactivity in the fatty acids of B. subtilis grown in the presence

T - s \ \ .
of valine-U-0" ", and the results have indicated that, while most of the
radlicactivity was found in the iso fatty acids containing 314 and 016
carbon atoms (as would be expected according to Figure 4), there was also
a significant incorporation of the isotopic label into the iso Cl‘ and

—= 1>
iso Cl? carbon chain fatty acids.

The work quoted in this section supports the theory that the branched
chain fatiy acids in bacterie are formed by condensation of several two-
carbon units with a branched chain precursor such as isobutyrate or
isovalerate. In this scheme, isobutyrate is incorporated intoc the branched
chain fatty acids of the iso configuration containing an even number of
carbon atoms. Similarly, isovalerate is incorporated into iso fatty acids

with an odd number of carbon =atoms, while the anteisc volatile fatty acid,

2=methylbutyrate, would be the precursor of the anteiso fatty aclids with



FIGURE 4
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an odd number of carbon atoms (Shorland, 1956) (see Figure 4).

It is interesting to note that there are no naturally occurring anteiso
branched chain fatty acids with an even number of carbon atoms. The
probable reason for this is that there is no naturally occurring amino
acid which can undergo a Stickland reaction to form a volatile fatty acid
with an anteiso carbon skeleton and an even number of carbon atoms.

The bacteria which are able to synthesize branched chain fatty acids
appear to fall into two groups. The first group consists of bacteria,

such as Bacillus subtilis and Micrococcus lysodeikticus, which can produce

branched long chain fatty acids from both the branched chain volatile fatty
acids and from the branched amino acid precursors. The second group
consists of bacteria, so far found only in the rumen, which have an
obligate growth requirement for the branched chain volatile fatty acids

and cannot synthesize branched long chain fatty acids from branched chain

amino acid precursors.

1.7. The Transfer of Branched Long Chain Fatty Acids of Rumen Bacteria
to the Milk and Depot Fat of Ruminants

Many bacteria in the rumen perish and are broken down by the bacterial
and protozoal enzymes, which include lipolytic enzymes, capable of
hydrolysing triglycerides (Garton et al., 1958) and phospholipids (Dawson,
1959). Thus, it is probable that some of the branched long chain fatty
acids would be released into the rumen content as free fatty acids. The
presence of branched chain fatty acids in the extracellular rumen fluid
has been reported (Hawke and Robertson, 1964).

McCarthy (1962) has demonstrated the absorption of long chain fatty
acids directly from the rumen into the blood of the ruminal vein, but the
physiological importance of this is not clear. Probably the great majority
of bacteria in the rumen pass unchanged into the abomasum and then into

the small intestine. Here the bacterial cells are broken down by the
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intestinal and pancreatic enzymes, which include lipolytic enzymes
(Keller et al., 1958).

Following digestion, the long chain fatty acids are absorbed into the
blood of the ruminant, where Keeney et al. (1962) have demonstrated the
presence of branched long chain fatty acids. Presumably these acids are
present in the bleood in a form which is available for uptake into the
depot and milk fats of the animal. The direct incorporation of long chain
fatty acids from the blood into the fatty acids of milk has been demonstrated
by a number of workers (see Garton, 1963). This includes those long chain
fatty acids present in the blood plasma as free fatty acids, as glycerides

and as cholesteral esters.

1.8. The Classification of Streptococcus bo

its Lmportance in the Rumen

Streptococcus bovis belongs to the genus Streptococcus of the tribe

Streptococcaceae within the family Lactobacteriaceae which belong to the

sub~order Bubacteriinese. This sub-order is the major sub-order of the
order Eubacterials (Bergey's Manual of Determinative Bacteriology, 1948).

Although most rumen bacteria are strict anaerobes, certain groups
of facultatively anserobic bacteriz are always present in the rumen.
Streptococci, especially S. bovis, are generally the most numerous
facultatively anaerobic bacteria cultivated from the rumen (Hungate, Bryant
end Mah, 1964) but they are usually outnumbered by the anazerobic non
spore-forming rumen bacteria, regardless of the diet of the ruminant
(Bryant, 1959; Bryant et al., 1961).

S. bovis is an amylolytic rumen bacterla and is involved in the
fermentation of starch and soluble carbohydrates. However, Bryant (1959)
stated that, on the basis of numbers of this organism found in the rumen,
it is probable that under most conditions other groups of amylolytic

bacteria, particularly various non spore~forming anaerobes, are of greater
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importance. OUnly in cases of acute indigestion, caused by heavy feeding
of qarbohydrates, is the proportion of S. bovis increased at the expense of
the anaerobic bacteria (Hungate, 1952).

Hungate, Bryant and Mah (1964) are of the opinion that a consistent
prevalence of colonies of facultative anaerobes in cultures inoculated fron
the normal rumen indicates that the culture medium used does not provide
the necessary conditions for growth of the obligate anaerocbes.

Studies made on the nutritional requirenments of S. bovis have shown
that these requirements differ somewhat from those of other non-~ruminal
Streptococci. Wright (1960) has reported that $. bovis utilises exogenous
carbon dioxide for the syanthesis of aspartic acid in preference to
incorporating this amino acid from the culture medium. The results of
Bryant and Robinson (1961) indicate that the endogenous biocsynthesis of
amino acids in several strains of rumen bacteria is not greatly inhibited
by an exogenous supply of amino acids. These results, together with the
finding that the nitrogen requirements of S. bovis are less complex than
those of other Streptococci (Wolin et al., 1959; Niven et al., 1948;
'?rescstt and Stutts, 1955), suggest that the metabolism of this organism
has been modified by the rumen environment. This is indicative of the
position of S. bovis as a true rumen bacteria, even if 1t is not of great

significance in the overall metabolism of the rumen.

1.9, The TFatty fcids of the Family Lactobacteriaceae

While the fatty acids of Streptococcus bovis have not been examined,

several workers have reported the fatty acid spectra of a number of related

Streptococcil and Lactobacilli including L. arabinosis, L. casei and

L. delbrukii (Hofmen et al., 1952, 1953, 1957). All of these bacteria were
found to contain a 019 cyclopropane fatty acid, lactobacillic acid

(¢is~-11,12-methylene octadecanoic acid). The octadecenoic acid in these
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bacteria was found to be c¢is-vaccenic acid (cis-ll-octadecencic acid) and
not oleic acid (c¢is~-9-octadecencic acid). In a study of the fatty acids of

L. casei, L. arabinosis and L. acidophilus, Thorne and Kodicek (1962) found

that the major fatty acid of these bacteria was a 619 cyclopropane acid,
with smaller amounts of octadecenocic, hexadecenocic and palmitic acid.

The lipids of Streptococcus cremoris and S. lactis have been investigated

-

by MacLeod and Brown (1963) and MacLeod et al. (1962). The fatty acid
composition of these bacteria is very similsr to that of the lactobacilli,
with lactobacillic, octadecencic, hexadecenoic, palmitic and myristic being

the major fatty acids. A4An excepition to this family similarity in fatty acid

composition is Streptococcus haemolyticus (Hofman and Tausig, 1955) which

has not been found to contain any lactobacillic acid.

The synthesis of cis~-vaccenic acid has been suggested to occur by a
process of chain elongation by the addition of two-carbon units to an
unknown, unsaturated, short chain precursor (OftLeary and Hofman, 1957;
Hofman et al., 1959). Evidence for this is that the position of the double
bond in the unsaturated fatty acids of the lactobacilli is the same with
respect to the methyl end of the fatty acid. Lengthening of an unsaturated
short chain precursor would produce palmitolelc and c¢is-vaccenic acids, both
of which are routinely found in lactobacilli.

Lactobacillic acid has been shown to be synthesized by the addition of

& one-carbon fragment from methionine across the double bond of cis-vaccenic

acid (Lui end Hofman, 1962; OtLeary, 1959; Hofman and Lui, 1960J.




THE OBJECT OF THE PRESENT WORK

The discovery of branched chain fatty acides in the milk and depot fat
of ruminants (Shorland, 1957), together with the inability of the animal to
synthesize these fatty acids (Verbeke et al., 1959; Gerson et al., 1960),
has prompted the investigation of the fatty acids of meveral speciss of
rumen bacteria (Allison et al., 1962b; Wegner and Foster, 1960). These
studies have revealed that the fatty acids of certain rumen bacteris contain
a large proporticn of acids which possess a branched chain struciture.
However these investigations have all involved cellulolytic bacteria which
have a growth reqguirement for branched chain volatile fatty acids (Bryant
and Robinson, 1962).

Since a number of non-ruminal bacteria, which deo not require wvolatile
fatty acid grcwth factors, have also been shown to contain branched chain
fatty acids (Lennarz, 1960; Saito, 1960; Akashi =nd Saito, 1960; Kaneeda,
1963a), it was decided that an investigation of the fatiy acids of a non=-

cellulolytic rumen bacteria was warranted. Sireptococcus bovis was chosen

for this investigation because the conditions required for its culture are
less stringent than those of other more anzerobic rumen bacteria, and because
pure cultures of the organism were readily available.

The first section of the work was an investigation of the fatty acids

Ed
£

of 5, bovis with particular emphasis being placed on the possibility o

branched chain fatty acids being present. Following this work an investigatic

S

into the formation of branched long chain fatty acids by mized rumen bacteria

[}

was undertaken. Branched chain faltty acids have been reported in mixed
rumen bacteria (Keeney et al., 1960) and several workers have demonstrated

thelr synthesis by rumen bacteria from branched chaln volatile fatty ascids
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(Allison et al., 1962; Wegner and Foster, 1960). However there have not

been any reports on this pathway of synthesis either in vivo or in mixed

cultures of rumen bacteria. The second section of this investigation was

undertaken to establish further evidence for the pathways of synthesis of

branched long chain fatty acids in mizxed cultures of rumen bacteria.




Chapter 3

MATERTALS AWD METHODS

%.1. Microbiological Methods

3.1.1. ZExperiments with Strevtococcus bovis

s

{a) Culture medium

Preliminary experiments were carried out to determine a suitable medium

for the culture of Streptococcus bovis and the results are shown in Appendix

I. The medium finally chosen was a modification of that used by Wright (1960)

and had the composition shown below.

Composition of the medium used for the culture of S. hovis

Concentration in

Component gm./1litre

Sucrose 20
Bactocasamino acids (Difco) 10
Bactoyeast extract (Difco) 5
Sodium acetate (hydrated) Ly
Di-sodium hydrogen phosphate 2.2
Sodium thioglycollate 0.3
Magnesium sulphate (hydrated) 0.2
Lecysteine~-HCL G.15
L-tryptophan 0.15

Before steriligation, the pH of the mediunm was adjusted to pH 7 with
concentrated ammonia solution. Sterilisation was carried out by steaming
in an agtoclave for 20 minutes on each of three consecutive days so as o

reduce the darkening of the medium which ogcurred on autoclaving.
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(b) Source of Streptococcus bovis

Streptococcus bovis strain I (Bailey and Oxford, 1958) was obtained as

a freeze-dried culture from Plant Chemistry Division, D.S.I.R., Palmerston

North.

(c) Maintenance of stock cultures of Streptococcus bovis

The organism was maintained in agar stab cultures, in 20 ml. screw
capped bottles and the medium used was that described above with the addition
of 2 per cent of agar (N.Z. Davis) prior to sterilisation. After sub-
culturing, which was carried out at weekly intervals, the cultures were
incubated at 37°C. for 12 hours to initiate growth. They were then stored

in the refrigerator at 4°c.

(d) Growth of Streptococcus bovis in large scale experiments

Several workers have shown that Streptococcus bovis requires a high

concentration of carbon dioxide in the medium before maximum growth will
occur (Barnes, Seeley and Van Demark, 1961l; Bailey and Oxford, 1958;
Prescott and Stutts, 1955; Wright, 1960). A comparison of the yield of
bacterial cells was made between cultures grown in air, in an atmosphere of
carbon dioxide, and with the addition of calcium carbonate to the medium.
The results of these experiments (shown in Appendix I) indicated that the
addition of calcium carbonate to the medium produced the highest yield of
bacteriﬁl cells. In all subsequent experiments 5 per cent of sterile
(36000. for four hours) calcium carbonate was added to the medium prior to
inoculation.

Growth of S. bovis on a large scale was carried out in 2 litre conical
flasks which contained 1 litre of medium and which were loosely plugged with
cotton wool. After the addition of calcium carbonate, and inoculation with
10 mls. of a 12 hour sub-culture of S. bovis in liquid medium, the flasks

were incubated at 3700. for 36 hours. As the bacteria grew, the pH of the
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medium fell, due to the production of lactic acid and, after & to 10 hours,
had fallen %o pH 5.6. Sterile 0.75N sodium hydroxide was then added to
bring the pH back to neutrality. The amount of 0.75N scdium hydroxide
needed was calculated from information gained in an early growth trial

which is shown in Appendix II.

(¢) Harvesting of bacterial cells

The medium was first centrifuged at low speed (200 x &) for 5 minutes
in an Internaticnal Ne. 1 centrifuge to remove any suspended calcium
carbonate from the medium. The supernatant, which contained the bacterial
cells, was decanted and centrifuged for 15 minutes at 13,000 x G in =
HSpinco™ Model L ultracentrifuge. The pellets of bacterial cells were
washed into a weighed centrifuge tube, washed with distilled water, and
recentrifuged. Washing and recentrifuging was repeated twice. The
bacterial cells were then freeze~dried in the centrifuge tubes and the last
traces of water were removed, by storage overnight in & vacuum dessicator
containing phosphorous pentoxide. The centrifuge tube containing the

L o

bacteria was then weighed and the yield of bacterial cells obtained.

2.1 .2. DBzperiments with washed suspensions of mixed rumen bacteria

(2) Culture medium

*

The composition of the medium used for the culiure of washed suspensions

of rumen bacteria is shown below.

Composition of the medium used for the culture of washed
suspensions of mixed rumen bacteria

Concentration in ml./litre

Component or gm./litre
Sterile buffer 500 ml.
Claprified rumen fluid 500 ml.
Cellulose (Whatmans) 10 gm.

Cellobiose 2 g
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The composition of the buflfer scluticn used in the culture medium
above, and for the preparation of washed suspensions of rumen bacieria, is

shown below.

Composition of the buffer solution used in the culbture
of washed suspensions of rumen bacterisa

Concentration in

Compenent gm./litre
Di-potassium hydrogen phosphate 0.5
Potassium di-hydrogen phosphate 1.0
Sodium chloride 3.0
Magnesium sulphate (hydrated) 0.1
Sodium acetate (hydrated) 1.8
Lecysteine-HCL 0.1
Calcium chloride 0.008
Sodium bicarbonaste 1.0

The buffer was made up without sodium bicarbonate, sterilised by
autoclaving at 15 psi for 20 minutes, and stored at 5°C, until required.
Immediately before the buffer was used, sodium blcarbonste wass azdded as a
freshly prepared sterile 6 per cent (w/v) solution.

Clarified rumen fluid was prepared from rumen contents tsken from a
fistulated non-lactating Jersey cow. The rumen content was first strained
through two thicknesses of cheese cloth to remove coarse food particles and
the filtrate was centrifuged at 200 x G in an International No. 1 centrifuge
to remove protozoa and small food particles. The supernatant was decanted
znd recentrifuged at 30,000 % G for 15 minutes in the "Spinco® Model L
ultracentrifuge. The clarified rumen fluid was then decanted as a clear
gtraw coloured fluld, practically free of bacteria, which was stored in the

. o )
refrigerator at 47C. for no longer than 48 hours before use.
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{(b) Prevaration of washed susvensions of mixed rumen bacteria

Two fistulated non-lactating Jersey cows were confined to a small yard
and fed a diet of lucerne hay ad 1ib and concentrates (Tui dairy meal, 5 1b.
per day). This feeding pattern was commenced at least 10 days before rumen
content was collected and bacterial suspensions were zlways prepared from
rumen content from the same animal, to eliminate any differences that may
have occurred in the bacterial population betwesen the cows.

About 1 litre of rumen content was removed from the animal through the
fistula and strained through two thicknesses of cheese cloth t0 remove
coarse food particles. Protozea and fine food particles were immediately
removed by centrifugatiocn at 200 x G for 5 minutes in an International No. 1
centrifuge. The supernatant, containing the bacteris, was decanted and
450 mls. were centrifuged at 11,000 x ¢ for 15 minutes in the "Spincol
ultracentrifuge. This operation and all subsequent steps were carried out
at 4%,

The supernatant rumen fluld was discarded and the pellet of sedimented
bacteria immediately resuspended in sterile buffer, which had been previcusly
cooled to 4°C. The resuspended bacteria were then centrifuged and the
process of washing with buffer ané centrifuging was repeated twice. After
the last centrifugation the bacteria were again suspended in sterile buffer
and made up to the original volume of 450 mls. One hundred mls. of this

washed suspension of nmized rumen bacteria were then lmmediately added to each

litre of culture medium in the growth flasks.

(¢} Culture flasks for washed suspensions of mixed rumen bacteria

Mixed rumen bacteria were grown in conical flasks which were closed with
g

rubber stoppers through which passed three glass tubes. One tube was

connected to a bunsen valve which permitted gas to esgscape from the flask

while, through a second tube, ammonia, radiclsotope solutions and carbon
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dioxide were passed into the culture medium. Through the third tube aliquots
of the culture medium were removed during the incubation. Beth the second

and third tubes were closed with screw clips when not in use.

(@) Conditions for the culture of mixed rumen bacteria

After the addition of the washed suspension of mixed rumen bacteria the
flask containing the culture medium was placed in a water bath maintained at
3906. and carbon dioxide was bubbled through the medium for one hour to
ensure that the oxygen tension was as low as possible. The pH changes in
the culture medium during growth were followed by measuring the pH of a
5 ml. aliquot taken at regular intervals. ZEach time tThe pH of the medium
fell below pH 5.8, concentrated ammonia solution was added until the medium
reached its initial value of pH 6.8 = 7.0. Carbon dioxide was bubbled
through the medium for 15 minutes after esach sample was withdrawn.

Non-radioactive isobutyric acid was added to several of the cultures
of mixed rumen bacteria before inoculation. The amount added was O.44 gm./
litre which gave a concentration of 5 jxmoles of ilsobutyric acid per litre.
In experiments where radicactive sodium gggbutyratevl—Cl% and dl—valine—4~014
were added to the medium, the addition of the labelled substrate was not made
until there was a visible increase in the turbidity of the medium in the
flasks, indicating that bacterial growth had staried.

A11 cultures of mixed rumen bacteria were incubated for 36 hours and

at the end of this time the bacterial cells were harvested and freeze-dried

in the same way as desecribed for Streptococcus bovis on page 25.

3.2. Chenical Hethods

%.2.1l. Bolvents and reageunts

A1l solvents used were purified according to Vogel (1956). All reagents

were '"Analar' or "technical' grade unless otherwlse specified.
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Z.2.2. The extraction of the totsl lipid from bacterial cells

In some early experiments the lipid was extracted from the freeze-dried
bacterial cells using 2:1 diethyl etheriethancl as the extracting solvent.
The bacterial cells were heated under reflux for 3 hours with three 50 nl.
portions of the solvent. After each extraction the solvent was decanted
and the 3 exitracts were combined and the solvent removed on a rotary evaporal
velow 40°C. However further extraction of the bacterial cell residues with
chloroformimethanol (2:1) showed that further lipid material could be
extracted with this solvent. Conseguently, in all subsequent experiments
chloroform:imethanol (2:1) replaced diethyl ethertethancl in the procedure

ocutlined sbove.

%2.2.%. The saponification of the teotal 1lipid and extraction of the
fatty acids

The total 1lipid fraction was dissolved in 20 mls. of a 2 per cent
solution of potassium hydroxide in 95 per cent ethanol and heated under
Eeflux for 3 hours. The ethanolic solution was then reduced to a small
volume by distillation and transferred to a separating funnel, where the
non-gaponifiable material was removed by washing the mixture with diethyl
ether. The asqueous fraction, containing the potassium salts of the fatty
acids, was acidified with 6N hydrochloric acid and the fatty acids extracted

. . . . . o
into diethyl ether, which was then removed on a rotary evaporator below 40 C.

3.2.4., Methvlation of the Ffatty acids

The fatty acids were dissolved in 10 nls. of dry methanol containing
1 per cent of concentrated sulphuric acid, and heated under reflux for 2
hours. The contents of the flask were reduced Lo halfl volume on a roltary

evaperator and transferred to a separating funnel containing 3 volumes of

diethyl ether and 0.5 volumes of 10 per cent potassium carbonate sclution.

LE

b
o

er shaking to neutralise the sulphuric acld the aqueous phase was

separated and the ether layer contalning the fatity acid methyl esters was




washed with distilled water until the pH of the wash water was neutral.

3.2.5. Bromination of the fatitv acid methyl esters

Bromination was carried out according to the method of Farquhar et al.
(1959) as follows: The methyl esters {(up %to 100 nmg.) were dissolved in 10
mls. of dry diethyl ether and the solution was cooled to below ~10%C. in a
dry icetethanol mixture., 4 22 per cent sclution of dry bromine in diethyl
ether was also cooled to -10°C. and added drop by drop to the soclution of
methyl esters until the yellow colour of the bromine persisted. Nitrogen
was then bubbled through the solution at room temperature te remove the
diethyl ether and any excess bromine present. The resulting mixture, in

which the unsaturated fatty acid methyl esters had been brominated, was

stored at =20°C. until snalysed by gas-iliquid chromatography.

2.2.6. The purification of the methyl esters of fatty acids after
bromination

Fatty acid methyl esters which contained radicactive fatty acids, and
which were to be separated by preparvative gas chromatography, were purified
in the following manner.

The mixture of brominated and unbrominsted methyl esters was dissoclved
in hexane and any inscluble material discarded. The hexane soluble fraction
{which contained all of the radicactivity) was chromatographed on a preparativ
thin layer of silicic acid (Silica gel G, Merck and Co.) in a solvent of
hexane:diethyl ether (60:40) to remove those bromo fatty acids which were not
insoluble in hexane. Under these conditions the fatty acid methyl esters had
an Rf of between 0.9 and 0.95 while the Rf of the bromo derivatives was
between 0.1 to 0.5. The position of the fatty acid methyl ssters was revealed
by spraying the plate with 2,7-dichlercfluorescein and the esters were
recovered by scraping off the appropriaste ares of the thin layer and eluting
this with diethyl ether until no further radiocactive mabterial could be

detected in the eluate.
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The purified methyl esters were then treated with diazomethane to
methylate any free fatty acids formed during the procedures above. The
purified fatty acid methyl esters were then analysed by preparative gas-

liguid chromatography.

3.2.7. Steam distillation of volatile fatty acids from the culiture medium

Totel volatile fatty acids were obtained from the culture medium by
steam distilletion in a Markham (1942) apparatus. TFive nmls. of the culture
medium and 2 mls. of 10N sulphuric acid (saturated with magnesium sulphate)
were added to the apparatus and steam distilled. Sixty mls. of distillate
were collected, followed by a further 60 mls., on which a blank determination
was carried out to correct for organic acids which were slightly stean
volatile. The distillates were titrated against 0.05H sodium hydroxide
under carbon dioxide free conditions using phenolphthalein as an indicator.

A small excess of alkall was then added and the sodium salts of the fatty
acid were reduced to dryness in a drying oven and stored at -20°C. until the

individual fatty acids could be analysed by gas-ligquid chromatography.

2.3, Gas-ligulid Chromstogranhy

BeB.4. Separation of the methvl esters of long chain fatty ascids

(2) Apparatus

A Pye-Argon Chromatograph, having an argon lonisation detector with a
20 millicurie strontium 90 radiation source (Lovelock, 1959), was used for
the separation of the fatty acid methyl esters. The columns used were of

glass, 1 metre in length and & mm. in internal diameter.

() Liguid and gas phases

The liquid phases used were 20 per cent Apiezon M or L grease (Edwards
High Vacuum Ltd.) or 20 per cent polyethylene glycol adipate (P.G.A.)
supported by acid washed celite 545 (85-100 mesh). After the stationary phase

had been packed into the glass column it was preconditioned by heating to




- 32 -

225°C. (Apiezon M or L) or 200°C. (P.G.A.) and flushing with a stream of dry
nitrogen for 24 hours.

Argon (99.95 per cent pure) was obtained from N.Z. Industrial Gases Ltd.

(¢) Operating conditions

The operating conditions used for gas-liquid chromatography were as

follows:
Apiezon M or L F.G.A.
Column temperature 180-205°¢. 150-180°¢C.
Argon flow rate 3335 ml./minute 35-50 ml./minute
Detector wvoltage 1250 wvolts 1250 volts

The sample of fatty acid methyl esters was introduced onto the column
with a 0.05 or 0.1 ?.litre micro-pipette (Pye Ltd.). The flow of argon was
stopped and the inlet opened to the air during this procedure. On restarting
the gas flow a negative air peak was recorded and this was used as the startir
point for the measurement of the relative retention volumes of the fatty ascid

esters.

(4) Prevarative gas-liguid chromatography

14

Fatty aclid methyl esters from the experiments with C labelled compounds
were analysed by preparative gas-liquid chromatography and the individual
fatty acids were collected for the determination of their radioactivity.

The separation of the fatty acld methyl esters was carried out in a
Wilkens "Autoprep' instrument with a thermal conductivity detector. Columns

5 feet long were used and packed with 12 per cent diethylene glycol succinate

on celite 545. The column conditions were as follows:

Column temperature 148-158°¢.
Injector " 266°¢,
Detector 290°¢.
Collector M 248%¢,

Helium flow rate 60 ml./minute
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Collection of the individual fatty aclds was carried out manuslly using
drying tubes packed with siliconised glass fibre, wetted with methanol. The
fatty acid methyl esters were washed with ethanol from the drying tubes into
counting vials and the solventis were evaporabted. Filve mls. of toluene
{(containing 0.6 per cent P.P.0. and 0.05 per cent P.0.P.0.P.) were added to
the counting vials and the sawmple was counbted in a Packard Tri Carb liguid
seintillation counting system (Model 314 Ex) which gave an efficiency of

55-60 per cent.

(e} The identification of the fatty acid methyl esters

Individual fatty acid methyl esters were identified by comparison of
their relative vetention volumes on two liquid phases, with those reporied
by Hawke et al. (1959) and James (1960). Pure samples of many of the fatty
acid methyl esters were available and these were chromatographed under the
same conditions as the unknown samples and the relative retention volumes
compared. Co-chromatography with & pure sample of a kunown faitty acid methyl
ester was carried out in order to identify some of those fatty acids with

dentification of the fatty acid

o

gimilar relative retention volumes. The
éethyl esters was checked by plotting the logarithm (base 10) of the relative
retention volume against the number of carbon atoms in the fatty acid to
verify that the relationship demonstrated by Hawke et al. (1959) was satisfied
The proportions of the individusl fatty acids in a sample were obtained
by measurement of the pesk areas with a planimeter. Each pesk was measured
three times and the mean value calculated. The relative proportion of each
fatty acld was expressed as a percenbage of the sum of the total peak aress

on the chromatogranm.

2.5%5.2, SBeparaticon of the individual volatile fatty acids by gas-liguid
chromatogranphy

Separation of the individual volatile fatty acids from acetlc acid to

butyric acid was carried out on the gas-liguid chromatograph described by
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James and Martin (1952). DBehenic acid replaced stearic acid in the column
packing (Hawke, 1957) and ethyl cellosolve (B.P. 137°C.) was used in the
vapour jacket. Samples of the concentrated steam distillate of fatty acids
from the culture medium were apyliéﬁ to the column as agueous solutions of
their sodium salts. One drop (spproximately 0.05 ml.) was added to a 50:50
(w/w) mixture of celite 545 and anhydrous sodium bisulphate in a metal boat.
This was quickly slid into the heated regilon of the column and the nitrogen
gas flow started.

& pumber of ssparations were carried out on each sample, the Tirst of
which indicated the time of emergence of each fatty acid from the column.
During subsequent separations the operating conditions were noit changed, s0
that the time of emergence of each fabiy acid would be the same. After Lthe
first separation the indicator in the titration cell was replaced by 10 mls.
of a dilute (0.05N) solution of sodium hydroxide and the automatic titration
apparatus disconnected. The second and subsequent samples were applied to
the column as outlined above, and when sufficient time had elapssd for acetic
acid to emerge, the sodium hydroxide was removed and the ftitrastion cell
gulckly washed out with dietilled water. A further 10 mls. aliguet of

Y

sodium hydroxide was added and propionic acid collected. The procedure

was repeated for isobutyric acid and butyric acid as they emerged from the
column. The aliguots of dilute sodium hydroxide containing the same volatile
fatty acid from several separations of sach sample were combined. These were
evaporated to dryness as tﬂ&if soéium‘salts and made up to & known volume féy
the determination of thelr radiocactivity.

The separation of the volatile fatty acids was checked in the following
way. Ten separations of the fatty aclds in one sample were made and th
fractions corresponding to each fatty acld were combined and rechromatographed
On rechromatography the first fraction was found to contain only acetic acid,

.

- the second only propilonic acid, the third fraction contained ischutyric acid
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and some butyric acid while the fourth fraction contained butyric and higher
fatty scids.

As the amount of fatity acid applied to the column for each separation wa:

£t

unknown, it was not possible to determine the specific radicactivity for each

-y

atty acid in terms of counts per minubte per mg. of fatty acid. Comparison
of the toital radiocactivitiess of each fabtity acid in a sample enabled the

presence of radicactivity in azny fatty scid to be detected.

%.4, Radio-chemical Methods

Z2.4.1. Source of radio-isctopes

T4

. . 14 . 14 .
Sodium isgobutyrate-1-C and dl-valing-k-C were obtained from the

Radiochemical Center, Amersham, England.

3.4.2, Radio-isotope counting
(a) Apparatus

Radicactivily was measured by liguid secintillation counting in a Huclear

cintillation head, which was connected to a Phillips pulse
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(b)Y Seintillation fluid

3

he liguid scintillator was a solution of 0.5 per cent of 2,5-biphenyl-
oxazole (P.P.0.) and 0.03 per cent 1,%-bis-2-(5-phenyloxazolyl)-benzene
(P.0.P.0.P.) in scintillation grade toluene. P.P.0., P.0.P.C.P. and
seintillation grade ltoluene were obtalned from Nuclear Enterprises Lid.,

England.

(¢) Counting of radicactive samples

14

sir s 0 = . E

With water soluble compounds, such as sodium isobutyrate-1-C7
measured aliquot {(usually lﬁlg'litres) of the culture medium, or of an
agueous solutlion containing the isotope, was applied %o a half inch sguare

of filter paper {(Whatmwans No. 1). This was then dried under a heat lamp and

placed in a quartz scintillation vial containing 2 mls. of liquid scintillator

S
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and counted. Background determinations were carried out under the same
conditions using a clean plece of filter paper.

To test the efficlency of counting using this method 2 stendard soclution
of sodium gggbutyfate—laclé was prepared which contained an sctivity of
G.02 /gcuries/ﬁl. Ten /;iitres of this solution were applied, using a
micro-syringe, to a squére of filter paper which was then dried. The zwmount
of radicactivity on the Tiltser paper was 00,0002 /;curies which has a
theoretical yield of 456 disintegrations per minute. However the actual
number of counts per minute recorded was 250, which showed that the efficiency
of counting under these conditions was 55 per cent.

When 1lipid fractions were to be counted they were first dissclved in
a small known volume (2-4 mls.) of diethyl ether. A4 small aliquot of this
solution (20-50 jxli%z&s} was measured inte a counting vial containing 2 mls.

of the liguid scintillaztor and counted.




Chapter &

RESULTS

L,1. The Tdentification of the Methyl Esters of the Fatiy Acids

of Streptococcus hovis by Gas-ligquid Chromeatography

Gas~-liguid chromategraphy of the methyl esters of the fatty acids from

the totel 1lipid extract of 8. bovis was carried out on two liguid phases,
Apiezon M at 200°C., and polyethylene glycol adipate (P.G.4.) at 180°C.
The retention volumes, relative to methyl palmitate (P.G.A. columns), and
methyl myristate (Apiezon M columns) were calculated and compared with
those reported in the literature {(Hawke, Hansen and Shorland, 1959; James,
1960). Pure samples of several fatty acid methyl esters were also
chromatographed on these columns and their relative retentiocn volumes
calculated. 4Ll relative retention volumes are shown in Table 3.

The relative retention volumes of fatly acid methyl esters of a
homologous series can be shown to exhibit a logarithmic relationship with
the number of carbon atoms in the fatty acid (Hawke et al., 1959). When

he loglc of the relative retention volume is plotted against the carbon

e

number of the fatty acid, those acids belonging to a homologous series,
such as the straight chain saturated acids, fall along a streight line.
Fatty acids of a second homologous series (e.g. mono-unsaturated fatty
acids) fall along a second line, parallel to, but slightly displaced from

the first. This relationship for the fatity acids of 5. bovie on Apiezon M
y J 2 P

and P.G.A. liquid phases is shown in Figures 5 and 6.

To obtain further evidence for the identity of the fatiy acids a
sample of their methyl esters was brominated to remove unsaturated fatty
acid esters and then chromatographed on the Apiezon M and P.G.A. columns.
The chromatograph charts of the fatty acid methyl esters on Aplezon M

before and after bromination are shown in Figures 7 and 8. Figure ¢ shows
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TABLE 3

REelative retention volumes in two sitationary phases of the

long chain fatiy acids of 5.

bovis

RELATIVE RETENTION VOLUMES

Apiezon M at ZOOOG.

(Relative to methyl myristate)

Polyethylene glycol adipate at 180°C.

(Relative to methyl palmitate)

Chemical Name Shorthand Observed Hawke et al. (1959) Observed James (1960)
of Fatty Acid Hotation™ S. bovis Known standard S. bovis Known standard
n-decancic 10:0 0.17 0.17 G.17 0,13 0.13 0.13k
—— 11:1 0% 0.25 s s 0.21 e —
n-undecanoic 11:0 0.28 0.26 0.27 0.18 0.18 0.183
—— 12:1 % 0.37 — - 0.28 —_ —

n-dodecanocic 12:0 o.b42 0.42 O.h2 0.25 0.25 .26
n-tridecenoic 13:1 0.58 e e 0.43 n oo
n-tridecanoic 13:0 0.63 0.63 C.6k Q.37 Q.37 0.362
n~-tetradecenoic 1hs1 0.87 e - 0.61 e 0.615
n-tetradecanoic 1he0 1.00 1.00 1.00 0.51 0.52 0,51
n-pentadecenoic 15:1 1.47 — — 0.79 R —
n-pentadecanoic 15:0 1.52 i.52 1.53 0.71 0.71 0.705
n~hexadecenoic 16:1 2.14 2.15 1.14 e 1.15
n-hexadecanoic 16:0 2.37 2.37 2.38 1.00 1.00 1.00
n-heptadecenoic 1731 3.16 e e 1.59 o e
n-heptadecanocic 17:0 3.59 3.53 Z.47 1.37 L.35 R
n~-octadecenoic 18:1 L .80 4,80 L,82 2.22 2.21 1.93
n-octadecanoic 18:0 5.50 5.48 5,49 1.97 1.96 .66
Lactobacillic acid | c¢y.19:0 6.71 — . 2.14 — e
n-nonodecanocic 19:0 7,17 7.15 o 2.74 2.72 e
n-eicosenoic 20:1 g.61 . e 3.97 —_— e
n-eicosanoic 20:0 10.90 10.70 — 3.52 3.50 e

* See Table 2.
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the total fatty acid methyl esters from ZS. bovis chromatographed on the P.G.A
column while Figure 10 is a chromatogram of the same sample after bromination
Small guantities of pure methyl esters of myristic, palmitic, stearic, oleic,
nonodecanoic and eicosancic acids were each co-chromatographed separately
with the methyl esters of the fatiy acids from S. bovis on the Apiezon M
column and in each case the peak corresponding to the additionzl methyl
ester increased in size and no new peaks were observed.

The position of the double bond in the unsaturated fatty acids of
S. bovig was not established in the present investigetion. When pure methyl
oleate was added to the S. bovis fatty acld methyl esters a single symetrical
peak appeared on both the Apiezon M and P.G.A. columns., However it is
pogsible that the columng used would not resolve the various peositional
isomers of octadecenocic acid but, as no pure samples of isomers other than
oleic acid were available, the lack of separation could not be demoustrated.
Por the same reasons the position of the double bond was not determined for
any of the other unsaturated fatty acids.

The identification of lactobacillic acid (gis-ll,l2-methylene~
octadecanocic acid) should be considered tentative as the evidence is based
solely on gas chromatography results. The proportion of this fatty acid in
the lipids of 5. bovig was too small to enable pure samples to be obtained
by preparative gas chromatography and consequently no other tests to
determine the sitructure of the acid could be carried out. KHetention
volunes for the methyl ester of this fatty acid could not be found in the
literature and no pure sample of the acid was available for couparison.
However it is difficult to envisage a fatty acid, other than a cyclopropane
or branched chain fatty acid, which would have the relative retention

o2 s

volumes shown {Table 3). Lactobacillic scid was only discovered in 5. bovis

fatty acids when 1t was found that the fatty acid peak on Aplezon M, thought

previously to belong to a Gle‘l fatty acid, was not reduced in size after
G
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bromination (Figures 7 and 8). Subsequent examination of the methyl esters
of the saturated fatty acids on the P.G.A. column revealed the presence of
a peak emerging from the column immediately bhefore nonodecancic acid
(Figure 10). On the basis of the evidence above, this fatty acid has been

tentatively identified as lactobacillic acid.

L,2. The Fatty Lcid Composition of the Total Lipid of
L
173

iy

Strevtococous bhovis

The fatty acid composition of the total lipid from several batches of

5. bovis is shown in Table 4. This includes the fatty acids from bacteria

grown on the basic medium (Table 4, columns 4, B and D) and on the basic
medium plus 2.0 /Amoles/ml, of igobutyric acid (Table 4, columns C, E and F).
In all these experiments the bacteria were grown in one litre of the culture
medivm. The cultural conditions hsve been described in Chapter 3.

After incubation for 36 hours the bacterial cells were harvested,
freeze~dried, and the total lipid extracted. Fatty acids were obtained
after saponification of the total Llipid extract and the fatty acid
composition was determined by gas-liguid chromatography of the methyl esters
on an Apiezon M liguld phase. Fezk areas were measured by planimeiry and
expressed as a percentage of the total ares of all the peaks. Gaps in Table
L4 indicate that if a fatlty acid was present it did not constitute more than
0.1 per cent of the total fatty acids. In one experiment (Table 4, columns
D and E) the fatty acids were extracted by alkeline hydrolysis of the wet
bacterial cells according to the method of Kaneeda (1963). The fatty acid
composition of 3. bovis in this experiment was considerably different to
the fatty acid composition in the experiments where the total lipid was
extracted with chloroformimethanol before saponification.

The gas chromatograph charts of the methyl esters of the total and
saturated fatly acids from S. bovis grown on the medium containing isobutyric

acild are shown in Pigures 11 and 12. These falty acids were obtained from

H
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the bacteria which had been freeze-dried before extraction of the lipid and
not from the experiment where the fatty acids were obtained by saponification
of the wet cells. These charts, together with the results in Table 4, show
that no branched chain faity acids are found in the lipids from 5. bovis

when this organism is grown under the conditions reported in these experiment
When massive sample loads were applied to the gas chromatograph column thers
were no peaks observed which had relative retention wvolumes corresponding

to those exmpected for branched chain fatty scide of the iso and anteiso

series.

As can be seen from Table 4, the addition of Z/u moles/ml. of isobutyric
acid to the culiure medium had no pronounced effect on the fatty acid
composition of S. bovis. Any differences in the fatty acid composition
which were observed could be attributed equally well to the considerable
differences which occurred in the proportions of the fatty acids when
different batches of bacteria were grown on the basic medium alone. However
in the fatty acids of the bacteris grown in the presence of lsobutyric acid
there was a very slight increase in the proportions of the fatiy =acids
containing an odd number of carbon atoms (11:0, 13:0, 15:0, 17:0). These
fatty acilds were present in very small quantities and the small size of the
chromatograph peaks made accuraie measurement difficulit. Despite this
difficulty a slight increase in the proportion of the odd numbered fatity
acids was apparent in all of the bacteria grown on the wmedium containing
isobutyric acild.

the Radicactivity from i@Qbutyzat%-l-Ci&

D £
into the Fatty Acids of Sirevtococcus hovis

Bxperiments to determine the effect of unlabelled isobutyric acid on
the fatty acids of S. bovis were supplemenied by further work to determine

. o . - . s . . 1k . C
whether the radioactivity from isobuityric acid-1-C was incorporated into

oy L1 L3

the long chain fatty acids of $. bovis.
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Thirty/u ~curies of sodium gggbutyrate~l-61h were added to 1 litre of
the culture medium, together with sufficient unlabelled iscbutyric acid to
give & final concentration of 2/u moles of iscobutyrate per ml. The medium
was then inoculated with 8. bovis and grown under the conditions described
in Chapter 3.

The radicactivity of the culture medium was determined hefore and
after harvesting of the bacterial cells {(Table 5) and there was no detectable
reduction in the radiocactivity of the medium after removal of the bhacteris.
This suggested that the proportion of the isobutyric acid taken up by the
bacteria was very small (less than 1 per cent) (Table 5). 4 10 ml. aliguot
of the culture medium supernatent, obtained after the bacteria were harvested
was steam distilled and all of the radiocactiviiy was recovered in the steanm
volatile fraction, none being detected in the non steam volatile residues
(Table 5). Separatio& of a sample of the individual steam volatile fatty
acids by gas-liguid chromatography showed that virituslly all of the radic-
activity in these fatty acids was located in isobutyric acid (Table 6).

The radicactivity of the whole bascterial cells was not determined in
this experiment but the total radiocactivity present in the fatty acid
fracition was only 2,100 disintegrations per minute, which was only & very
small proporition of the total amount added to the culture medium.

The total fatty acids from the lipid extract of S. bovis were then
gsteam distilled and all of the radicactivity was recoversd in the stean
volatile fraction. This suggested that the radicactivity present in the

14
total fatty acid fraction was due to the presence of iscbutyrate-l-C from
the culture medium which had not been washed from the cells after harvesting.
This would then have been extracted with the total lipids and been included
in the fatty acid fraction. HNo radiocasctivity was found in the long chain

(non steam volatile) fatty acids from 5. bovis grown in the presence of

. 1
isobutyrate~-1-C7 .
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ABLE 5

The distribution of radicactivity between the steam volatile
and non steam volatile fractions of the supernatant from
the culture medium of S. bovis supplemented with

30 u-curies of iscbutyric acid-1-C

Counts/Minute per
ml. of Culture Percentage of
Yedium (Corrected Counts in Medium
Fraction for Background) Plus Bacteria
Culture medium
plus bacteria 35,000 100
Culture medium less
bacteria (supernatant) 34,700 99
Steam volatile fraction
of supernatant 34,200 98
Resgidue from steam
distillation of
supernatant 10 -
TABLE 6

.

tribution of radiocactiviity in the individual steam volatile
fatty acids from the culture supernatant when S. bovis was
grown in a medium containing EO/M-acuries of
isobutyra%e-l~clf

3
g
¢
o
[N
- 0

Counts per 10 minutes
Fatty Acid (Corrected for Background)
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An attempt was made to analyse the steam volatile fatty acids from the

5. bovis lipid extract by gas-liquid chromatography on the apparatus

described in Chapter 3 on page 33. However no results were obtained since
the amount of volatile fatty acids in the sample was below the limit of
detection of the apparatus.

Once it had been established that there were no branched chain fatty

acids in Strepltococcus bovis it was decided to extend the investigation to

the study of mixed suspencions of rumen bacteria, which are known to contain

branched chain fatty acids of the iso and anteiso series (Keeney et al., 1962

After preliminary experiments to establish conditions for the growth of these

ik

bacteria a study was made of the uptake of the C label from isobutyrate-1-C

LS, .
and valine—@—cl‘ into the long chain fatty acids of these organisas.

L.k, The Identification of Methvl Esters of the Fatty Acids of
Mixed Rumen Bacteris and Rumen Protozoa by
Gag~licuid Chromatography

4 preliminary experiment was undertaken to determine the fatty acid
composition of the bacteriz and protozoa in the rumen of a fistulated,
lactating, Jersey cow which had been grazing on mixed ryegrassiwhite clover
pasture.

Preshly collected rumen fluld was strained twice through two layers of
cheese cloth to remove food particles and then centrifuged (150 = G) to
precipitate the protozoa, which were then washed twice with 0.9 per cent
saline solu%ion and recentrifuged. (This fraction was observed to contain
a certain amount of finely divided food material which had passed through
the cheese cloth.) The supernatant obtained after centrifuging at 150 x G
was then recentrifuged at 10,000 z G for 15 minutes and the pellet of
bacteria obtained was washed twice with distilled water. Both fracitions
(bacteria and protozoa) were then freezme-dried and the methyl esters of the

fatty aclds were prepared Trom the total 1lipld extract as deseribed in
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Chapter 3. These were then analysed by gas-liquid chromstography on a
stationary phase of Apiezon L before and afier bromination toc remove methyl
esters of the unsaturated fatty acids. The relative retenition volumes of
the fatty acid methyl esters from rumen bacteria and protozoa are recorded
in Table 7 together with those reporited by James (1960) for these fatty
acid methyl esters.

Figure 13 shows the relationship between the logarithm (baselg} of the
relative retention volume, on an Apiezon L liguid phase, and the number of
carbon atoms in the fatiy acids of the normal, iso and antelso series of
fatty acids from the mixed rumen bacteria. Figure 14 is a chromatogram of
the methyl esters of the sabturated fatty acids from a ssmple of mimed rumen

bacteria, showing the degree of separation achieved between lso and anteiso

fatty acids with the same number of carbon atoms.

4.5, The Fatty Acid Composition of the Lipid Extract
of Rumen Bacteris and Protozos

Table & lists the relative percentage composition of the fatty acids
from the rumen bacterisl and proiozoal fractions. The branched chain fatty

acids containing an odd number of carbon stoms were measured as one fraction

1]

because the iso and antelsc acids were nobt completely separated on the

s

v

columns used (see Figure 14).

'

The main features shown in Table & are that the proportion of branched

frds

in the rumen bacterial Ifrazction than it is

3

chain fatty acids is far highe
in the orotozoal fraction and that there are unsaturated fatty acids with

more than one double bond in both the protozoal and bacterial fatty acids.
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TABLE 7

The retention volumes (relative to methyl palmitate)
of the methyl esters of the fatty zcides found in
mixed rumen bacteria and in rumen protozoa.

Liguid phase: 20 per cent Aplezon L on Celite 545,

Column temperatures 200°C.

Shorthand Rf (James,

Fatty Acid Notation* Rf (obs) 1960)
n=decanoic 10:0 0.076 0,073
n=undecanoic 11:0 0.118 0,117
10=-methylundecancic i.br.12:0 0.142 0.15
n-dcdecanoic 12:0 0.177 0.18
1l-methyldodecanocic i.br.13:0 0.220 —
10-methyldodecancic a,i.br.13:0 0.238 O.242
n-tridecanolie 13:0 0.250 0.250
1l-methyltridecancic i.br.14:0 0.365 —
n=-tetradecanoic 14:0 O.bk Q.42
13-methylitetradecanoic 1.br.15:0 0.54 0.55
1l2-methyltetradecanoic é,i,br.iﬁﬁO 0.59 0.58
n-pentadecanocic 15:0 0.67 .66
ll-methylpentadecanoic i.br.16:0 0.82 s
n=-hexadecencic 16:1 0.91 0.90
n-hexadecanoic 16:0 1.00 1.00
1S-methylhexadecancic i.br.17:0 i.22 e
Lbiemethylhexadecanoic a.i.br.17:0 1.35 1.38
n=heptadecanoic 17:0 1.50 1.51
n-octadeca=-di and tri-encic 18:2 & 18:3 1.90 1.90
n-cctadecenoic 18:1 2.98 2.03
1l6-methyloctadecanocic i.br.18:0 1.93 e
n~octadecanocic 18:0 2.26 2.36

* Bee Table 2.




The relative percentags fatty acid composition of the
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TABLE 8

bacterial and protozecal fractions from the rumen

of &

lactating fistulated dairy cow.

Shorthand Bacterial Protozoal
Fatty Acid Hotation® Fraction Fraction

n-decanoic 10:0
n~undecanoic 11:0
n-dodecanocic 12:0 0.7 0.3
branched tridecanolic br.13:0 0.7 G.1
n=tridecanoic 13:0 0.3
branched tetradecanocic br.14:0 1.5 0.1
n-tetradecancic 14:0 3.5 0.7
branched pentadecanoic br.15:0 11.0 1.0
n~pentadecanoic 15:0 5.0 1.0
n~hexadecenoic 16:1 1.0 0.1
branched hexadecanocic br.16:0 1.1 0.2
n-hexadecanoic 16:0 29.0 20.0
branched heptadecanocic br.17:0 1.1 0.3
n~heptadecanoic 17:0 1.1 1.2
n-octadeca~di and tri-enoic 18:2 & 18:3 6.0 8.5
a=-octadecenoic 18:1 4.3 6.8

br.18:0 1.1 0.5
n~ngtadescanclc 18:0 50.2
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L,6. Preliminary Growth Exveriments carried out with
Cultures of Mixed Rumen Bacteria

Before the experiments using radloactive substrates were begun,
preliminary experiments (experiments 1 and 2) were carried out to establish
that rumen bacterial suspensions would grow under the conditions used and
also to determine the effect, if any, of the addition of unlabelled
butyric acid to the medium on the fatiy acids of these bacteria.

In experiment 1 a2 suspension of mixed rumen bacteria, prepared as
described in Chapter 3, was grown in two flasks, each containing 1 litre of
the culture medium described in Chapter 3 (page 25). DBxperiment 2 was
identical with experiment 1 except that 0.44 gn. (5’*4males/ml.) of
iscbutyric acid were added to one of the flasks (column B, experiment 2,
Table 10).

The total wolatile fatty acids in the cultures were estimated at the
beginning and end of incubation to give a measure of the amount of
fernmentation which had taken place during the experiment. These resulis,
for all of the experiments with suspensions of mixed rumen bacteria, are
shown in Table 9.

At the end of the incubation periocd the bacteria were harvested and
the methyl esters of the fatty acids prepared from the total 1ipid extract.
The fatty acid composition of the bacteria grown in experiments 1 and 2 is
shown in Table 10. The most notable features about the fatty acid

of fatty seids with more
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TABLE 9

[y
=

The concen

tion ()Améles/mlg} of steam volatile fatty
acids (V.F.A

in the cultures of mixed rumen bacteris
nning (O hrs.) and end of incubation.
(See text for experimental details.)

Experiment 1 | Bxperiment 2 | Bxperiment 3 Experiment 4

Flask A B A B A B A B c
0 hrs. L7.0 b46.3 53.4 58.2 51.3 56.5 .7 55.1 49,0
End of
incubation 86.5 80.9 30.5 92.4 97.6 10L.9 78.2 73.8 73.7
. 5
T.EAT,
produced 39,5 34,6 27,1 Zh.2 L&, 3 8.4 | 28.8 18.7 24.7
"Eyperiments 1 and 2 were preliminary growth exveriments.
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The relative percentage fatty acid composition of &
rumen bacteria grown in experiments 1 and 2.

(Preliminary gre;t experiments.)

Shorthand Experiment 1 Z

Fattg Acgid Notation® ke A B nEE A =
n~decanoic 10:GC 0.36  0.25
n-undecanoic 11:0 0.18 1.23 1.07 0.13 0.28 0,33
branched dodecancic br.12:0 0.25 0.%8 0.%5 0.22 0.23% 0.22
n-dodecanoic 12:0 0.29 1.45  1.23 0.33  1.45 1.10
branched tridecanoic br.13:0 0,51 0.36 0.25% 0,70 C.5L G.22
n-tridecanoic 13:0 0.22 0.51 0.72 0,35 0,70 0. 38
branched tetradecenoic | br.1h4:0 2.92 2.5% 2.82 1.53
n-tetradecanoic 14:0 3.5  £.36 6.13 Z.33 C L L
branched pentadecancic br.15:0 11.92 10.43 10.98 10,12 7.02
n-pentadecanoic 15:0 7.35 6,09  6.35 k.39 3.56
n-hexadecenoic 16:1 2.35 2,93 2.19
branched hexadecanocic br.16:0 1.43 1.52 L.72 i L.75 T ES
n-hexadecanocic 16:0 1 27.82 33,80 32.972 =8
branched heptadecancic br.17:0 1.32 2. b5 Z.25 1.65 7.08 A,17
u-heptadecanoic 17:0 2.859 2,67 2.8¢9 1.78% 1.9z 3.25
71 = etsl-Te] H
*:iea;m T el ;2:3; .87 3.57
n-cctadecencic 18:1 3.4 6,12 6.09 3,91 2.12  5.65
branched octadecancic br.18:0 1.25 1.35 1,08
n-octadecanoic 18:0 | 30.17 20.00 18.93 | 32, 25.7C 28,45

“* Column X in each experiment shows the fatty acld composition of a sample
¢f the bacteriz used to prepare the mixed suspensions for each experiment.

riment 1 and column A
£ mixed rumen bacter

S ]

acia Cor

Column B in exp fatty
dium supplemented

hacteria grown

.

isedbutyric acid.
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4.7. The Incorporation of the Radiocactivity from iégbutyrate—l-014
and valine-4-Cl™ into the Long Chain Fatty Acids of Mixed
Rumen Bacteria grown as Washed Suspensions.

Two experiments were carried out to determine the fate of the label
from iggbutyrate-l-clh when this short chain fatty acid was incubated with
a mixed culture of rumen bacteria. The first of these experiments
(experiment 3) was similar to experiment 2 described previously (page 49),
but in addition to the 5/M moles/ml. of unlabelled isobutyric acid which
was added to one flask (flask A), 10 p -curies of sodium _i;gg_butyrate-l—cl4
were also added to the medium in this flask. The other flask contained
only the mixed suspension of rumen bacteria in the basic medium and acted
as a control (flask B).

The volatile fatty acid production by the mixed bacteria was determined
by measurement of the concentration of these acids at the beginning and end
of incubation. These results are shown in Table 9.

Samples of the whole culture, supernatant from the culture and steam
distillate of the culture supernatant were obtained at the end of incubation
from the suspension which contained ig_gbutyrad:e-—l-Cll+ (flask B) and the
radiocactivity of these fractions was determined and is shown in Table 11.
The difference in radioactivity between the whole culture and the culture
supernatant represents approximately the amount of i._:ggbutyrate-IL--C]"+ which
was taken up from the culture medium by the bacteria. However, as the
activity of the whole cells was not determined, it was not possible to
obtain an accurate estimate of the total radioactivity taken up by the
bacteria.

A sample of the steam volatile fatty acids obtained from the culture
supernatant from flask B by steam distillation was separated by gas-liquid
chromatography and all of the ClLP was located in the isobutyric acid

fraction. The radioactivity of the other steam volatile fatty acids was

not significantly above background.
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TABLE 11

The radicactivity (counts per minute) of fractions of the mixed
suspension of rumen bacteria at the end of dncubation
in the basic mediun pl&s 5 u moles/ml. of
isobutyric acid-1-Ct* (10 4 -curies).
Experiment 3 ask B.
{(Bxp t 3, flesk B.)

Counts/Minute per

ml. of Culture
Medium (Corrected

Percentage of
Radicactivity in

for Background)

Whole Suspension

Whole suspension

Supernatant of
suspension

Steam distillate
of supernatant

Regidue from
steam distillation

4,900

3,800

3,700
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The 1ipids were extracted from the bacterial cells from flasks 4 and

B alter freeze-drying and the methyl esters of the fatty acids were prepared
.

The velative percentage fatty acid composition of the bacterdisl 1ipid was

determined by gas-liquid chromatography and is shown izm Table 12 (columns 4

h
[e2
&
)
ot
I
#g
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%

and B), together with the fatiy acid composition of the mixed rumen

used to prepare the suspension (column X).

The radicactivity of the total lipid and total fatty acid fraciicas
3 P N,

from the bacteria grown in flask B was determined, but the results obtained

. , 1k .
isobutyrate-1-C from the meddium

which had remained bound to the surface of the cells and was exiracited into

water, as well as in lipid solvents, the variocus washing procedures involved
in the saponification of the lipids resulted 1n a considerable loss of

total lipid and total fatty acid frasctions.
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Investigation of the radicactivity present in the washings from the faltty

acid fraction aflter saponification showed that this activity was located
14

tile component, which was assumed to be isobutyrate~i-C7 .
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The total fatty =zcids from the lipid extract were then steam distilled

and, of the total activity of the fatty scids from the bacteria grown in

oot

(7,500 counts ver minute), one third (2,300 counts per minute) was
found in the steam volatile fraction, while the remainder (4,500 counts per
minute) was in the long chain fatty acids. An unsuccessful attempt was made
to separate the steam volatile fatty acids by gas-liquid chromatography, as
described in Chapter 3, but the total amount of fatty acids present was
below the limits of detection of the apparatus used. It was probable that

most of the radioactivity in the steam volatile fattv acids of the bacteria
L3 o

this experiment was due to isobutyraite-1-C from the culture medium
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ABLE 1

k

A%

The relative percentage fatty acld composition of the mixed
runen bacteriz grown ln experiment 3.
Shorthand
Fatty Acid Hotation® X A B

n-decanocic 10:0 0.79 0.58 0.61
branched undecanolc br.11:0 G.07

n-undecanoic 11:0 0.70 0.32 0.37
branched dodecancic br.12:0 0.25 0.27 0.24
n-dodecanolic 12:0 0.k1 1.89 1.54
branched itridecanoic br.13:0 0.67 o.7h 0.61
n-tridecanoic 13:0 0.22 0.87 0.55
branched tetradecanocic br.14:0 1.31 1.43 1.95
n-tetradecancic 1L:0 2.16 8.23 7,95
branched pentadecanoic bhr.15:0 10.50 £.58 732
n-pentadecanoic 15:0 L.87 L.og 5.12
n~hexadecencic 16:1 - 3.98 3.35
branched hexadecanolc br.16:0 1.72 1.23 1.52
n-hexadecanoic 16:0 1.60 27 .93 36.85
branched heptadecanoic br.17:0 2.4 2.87 3,17
n-heptadecanoic 1730 2.96 1.%2 140
n-cotadeca~-di & tri-enoic 18:2 + 18:3 L.38

n-octadecenoisc 18:1 1.54 5.4% L. 51
branched octadecanoic br.18:0 2.34 O.h2 0.67
n-octadecanoic 18:0 31.80 20.85 22.85
*




- 56 -

After methylation and bromination the methyl esters of the long chain
fatty acids from the bacteria grown in flask B were purified as described
in Chapter 3 and the resulting methyl esters gave 2,350 counts per minute.
The methyl esters were then separated by preparative gas chromatography and
the radicactivity of the individual fractions was determined and is shown
in Table 13. It was not practicable to collect individual fatty acid methyl
esters with a chain length of less than 010 carbon atoms because of the
closeness with which these acids emerged from the column. In this experinment
(experiment 3) no radiocactivity was found in the fatty acids with a chain
length shorter than tridecanolc acid and it was presumed that these had been
distilled off with the steam volatile fraction, although any fatty acids

with a chain length of more than Glo carbon atoms would be expected to be

n the non steam volatile fraction.

{ .

The branched and straight chain fatty acids of shorter chain length
o proved very difficult to smeparate on & preparstive scale on the
4

gas chromatograph used. For this reason the radiocactivity found in

n~tetradecanoic and n-pentadecancic acids was probably due to some of the

labelled brancied chain fatty acid being carried over from the preceding

ot

fraction. Table 13 shows that as the chain length of the fatty acid
increased, the degree of separation of the branched and straight chain
fatty ascids improved. The separation of the straight and brenched chain

isomers of hexadecanoic, heptadecancic and octadecanocic acids was complete

0]

and none of the radiocactiviiy occurred in the straight chain fatty acids

f

fact, all of the radicactivity

o

after hexadecanoic. It was probable that, in
present in the fatty acids was located in the branched chain fatty acids

and none occurred in the straight chain acids of the bacteria grown in the

b

1
presence of isobutyrate-1-C7 .

The details of experiment 4 were the same as for experiment 3 except

that each flask contained 2 litres of medium, and lOé/u,-curies of




5 per 30 minutes per unit ares
gram ids from mized rumen bacteris
srown in a medium containing isobutyrate-1-Cl

(Flask B, experiment 3.)

Total Hadicactivity
in Frection Percentage Relative
Fatty Acid {Counts per 50 minutes) of Total Specific
Fraction (Corrected for Background) Radioczctivity Aetivity
n-dodecancic and
lower fatty acids . s E—
branched and
n-~tridecanocic 5,575 21.2 4,820
branched
tetradecanoic 8,230 ZLleh 4,830
n-tetradecanocic 2,140 8.2 269
branched
pentadecanocic 5,800 22.5 806
n-pentadecanocic 1,250 .8 2ih
branched
hexadecanoic 2,633 10.0 1,730
n-hexadecanocic — - -
branched
heptadecanoic 160 0.6 50
n~heptadecancic — s e
w4y
% I T
ARty ek - — s
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. 14 , - . .
isobutyrate~l-C were added to the flask containing added iscbutyric acid
(flask B). In addition a third flask (flask C) was set up, to which was
Y . . o, N ,

added lOO‘/Jacurles of dl-valine=-b=C"", in an attempt to demonstrate the

. o . 1k . . .
produciion of iscbutyrate-3-C from valine by deamination and
decarboxylation (see Figure 3, Chapter 1).

The volatile fatty acids produced by the bacterias during incubation
were determined by steaw distillation and are shown in Table 9. In this
experiment the production of volatile fatty acids in all 3 flasks was only
approximately one half of that which occurred in the previous experiments.
It was alsc observed that the "lag' phase of growth which ocecurred at the
start of incubation was increased to 7 hours, compared with the "lag" phase
in the previocus experiments of from 3=-4 hours. (The "lag' phase was taken
to be the period of time before gas production occurred in the cultures.)

The radiocactivity of the whole culture, culture supernatant and stean
distillate of the supernatant from flasks B and C was determined at the end
of incubation and the results are reported in Table 1&. A sample of the
. e . . s o, b
culture medium from flask C taken at the time of addition of valine-4-C
was also steam distilled and the radiocactivity of the steam distillate

determined. No radiocactivity was detected in the steam volatile fraction

~

at this time, indicating that the activity of this fraction at the end of

incubation was due to the presence of a radioactive steam volatile componsent
. N . 14 . s "

and not to mechanical carry over of valine=-4-C during distillation.

Ls was the case in experiment 3, it was difficult to obtaln an accurate

1

estimate of the extent of uptake of the labelled compounds into the

bacterial cells. However from observation of Table 14, a much larger

L

=

proportion of the valine-4-C~ " {(approximately 40 per cent) was taken up

by the bacteria than was the case with iscbutyrate-1-07 , where only

approximately 13 per cent of the radicactivity in the total culture was

4

lost when the bacteris were removed.




TABLE 14
The radicactivity (counts per minute per ml. of culture)
of fractlons of the miwxed rumen bacterizl suspensions
at the end of incubation (experiment 4).
Medium plus 1L Mediun ﬂd_ug_?&
& v b
Leobutyrate~le=0 dl-valine-bk-C™
(Flask B (Flask C)
Radicactivity in Radiocactivity din
Counts/Minute Percentage Count s/“&nuge Percentase
per ml, of Culture of Counts ner mi. of Culture of Counts
Corrected for in Total (Corrected for in Toval
Fraction Background) Suspensgion Background Suspension
Whole suspension 57,500 100 51,900 100
Supernatant
of suspension 50,100 87 31,600 60
Steam distillate
of supernatant 49,800 87 2,000 Ly
Residue from
s -
stean distillate s e 29,300 56
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TABLE 15

The radiocactivily present in a sample of the steam volatile fatty

acids from bthe ¢ulture at the end of incubation of =z mixed
suspensiocn of rumen bacteria1in the basic medium "
1 N z
# and dl-valine-lCLt™,

together with isobutyrate-l-C+
(Bxperiment 4)

Radicactivity (counts per 10 minutes)
(corrected for background)
Medium plus 11 Medium plus

Fatty Acid iscbutyrate-1-C™ dl-valine=b=C"
Acetic 3 3
Propionic L 29
Isobutyric 350 125
Butyric 9 6




The relative percentage fatty acid composition of the mixed
rumen bacteria grown in experiment 4.

Percentage of total fatty acids
Shorthand .

Fatty Acid Hotation* e A B C
n-decanocic 10:0 0.b5 1.07 0.50 1.14
branched undecanoic br.11l:0 1.26 1.47
n-undecanoic 11:0 2.67 0.93 0.76 1.73
branched dodecancic br.12:0 0.3k 2.98 %.02 2.63
n-dodecanoic 12:0 0.51 3,49 %.19 %.27
branched tridecanoic br.13:0 0.67 1.h42 1.56 2.58
n-tridecanoic 13:0 0.17 0.86 0.29 0.53
branched %teiradecancic br.14:0 1.24 2.16 2.27 2.37
n-tetradecanoic 14:0 LR g.12 8.08 8.23
branched pentadecancic r.15:0 12.81 %.60 %3.19 %.,27
n-pentadecanoic 15:0 .83 2.12 2.18 2.h9
n-hexadecenoic 16:1 L.o8 L,23 3,64
branched hexadecanoic br.16:0 1.74 L.h2 1.57 1.93
n-hexadecancic 16:0 32,52 37,03 39,90 38,34
branched heptadecanoic br.17:0 1.01 2.16 2.77 2.98
n-heptadecanoic 1750 067 1.12 1.39 1.36
naégtade§a~@i & %8:2 5.85

tri-enoic 18:3
n-cctadecenocic 18:1 3,51 11.95 10,59 10.62
branched octadecanocic br.18:0 1.10 1.07 1.39 1.52
n-octadecanoic 18:0 25.38 11.52 11.20 11.53
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TABLE 17

The relative specific activities (counts per 10 minutes per unit area
of chromatogram peak) of the fatty acids from mized rumen
bacteria grown in 2 medium containing isobutyrate-~l-C
(Flask B, experiment 4.)

Total Radiocactivity
in Fraction (Counts
per 10 Minutes) Percentage Relative
(Corrected for of Total Specific

Fatty Acid Fraction Background Radicactivity Activity
Less than undecanoic 5,200 27.0 —
n-undecanoic and

branched undecanocic 1,960 12.5 850
n~dodecancic and

branched dodecanocic 1,830 11.8 570
n=tridecancic and

branched tridecanoic 1,880 12.1 990
branched tetradecanoic 1,500 9.7 660
n=tetradecanoic 1,520 9.1 170
branched pentadecanolc 1,070 6.9 330
n-pentadecancic 390 2.5 179
branched hewxadecanoic 500 3.2 320
n-hexadecanoic — e —
branched heptadecanoic 650 k.2 235
n~hantazdacanocic e — s




The relstive specific activities (counts per 10 minutes per unit area
= -

of chromatogram peak) of the fatty acids from mixed rupen
a medium containing dl-valine-4-C+7
(Flask C, experiment 4.)

bacteria grown 1
I'4
¥

I
pon
B

Total Hadiocactivit

in Frection {(Counts

ver 320 minutes) Percentage Relative
{Corrected forx of Total Specific
Fatty Acid Fraction Background) Radiocactivity Activit
Less than decanoic 11,750 i, 5 —
branched decanoic and
n-decanocic 2,100 8.1 1,760
branched undecanocic and
n-undecanoic 2,450 9.4 1,630

branched dodecanocic and
n~dodecancic

branched tridecanoic and
netridecanoic
branched tetradecancic

n~hexadecancic

branched

1,930
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4 sample of the steam volatile fatty acids obtained from the medium
- . 14 . . 1,
containing isobutyrate-1-C and valine-i=C (flasks B and C) at the end

of dncubation, was separated by gas-liquid chromatography and the results

14

are shown in Table 15. All of the C in the steam volatile fractiocn was

ik

shown to be present in isobutyrate-1-C in the culture from flask B, %o
which this labelled metabolite had besn added prior to incubation.
Most of the radicactivity in the steam volatile fatty acids from the

ik N .
(flask C) was also located in isobutyric

culture containing valine-4~C
acid although a small but significant fraction was found in the propionic
acid (Table 15).

The lipids were extracted from the bacterizl cells grown in flasks A4,

B and C,and fatty acid methyl esters were prepared. The fatty acid compositio

was determined by gas-liguid chromatogrephy and is shown in Table 16. After

[

bromination and purification, as described in Chapter 3, the methyl esters
— . . o s 14 .- e

from bacteria grown in ifhe presence of isobutyrate-l1-C (flask B) contained
5,000 counts per minute and those bacteria grown in a medium contsining

. b . o . . ,
valine=4=C contained 1,200 counts per minute. These fatty acid methyl
esters were then separated by prepsrative gas chromatography and the
radioactivity of the individuval fatty acids was determined and is shown in
Tables 17 and 18.

Difficulty was again experienced in separating the branched chain fatiy
acid esters from their straight chain isomers, especizlly those of fatty acids
with a chain length of less than 016 carbon atoms. It was probable that most

P £ . , - ) .
of the C in the fatty acids shown in Tables 17 and 18 was located in the
branched chain fatty acids. However the labelling of n-heptadecanocic acid in

« . . P s :LL}. 4 : 1 - E 1 8
the experiment in which valine-4-C was added to the culture medium (Table 18,
did not appesr to be due to contamination with the branched chain isomer since

the branched and normal isonmers of hexadecancic acid, which emerge before

heptadecanoic acid, were separated cleanly. It was probable that
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pentadecancic and tridecanolic acids were also labelled in this experiment
but this could not be determined because of the carry over of radioactivity
from the preceding branched chain fatty acid.

A large proportion of the radioactiviiy in the fatty aclid methyl esters
from the bacteris in flasks B and C was found in the fatty acide with a
chain length of less than Cll carbon atoms. It was likely that & large
proporticn of this radicactivity was due to the presence in the fatty acid
fraction of §§gbuﬁyrata-l~81#, which had adhered to the bacterial cells
after washing, and had been extracted into the fatty acid fraction. The tot

.

fatty acids from the lipid extract of the bacteria grown in this experiment
(experiment 4) were not separated by steam distillation, as was done in
experiment 3 (page S5k). Consequently the radicactivity from the labelled
isobutyric acid from the culture medium was separated by preparative gas
chromatography and could account for the high activity of the fraction

containing all the methyl esters of the fatty acids with a chain length of

less than Cj, carbon atoms (Tables 17 and 18).




Chapter 5

DISCUSSION

b

5.1. The Fatty Acids of Streptococcus bovis

s

The total lipid extracted from 3. bovis with chloroformimethancl by

the methods described in Chapler 3 compriged 7.2 per cent of the freeze-

L

dried bacterisl cell hich is somewhat more than the 5.5 and 5.3 per cent

o

. W

of total lipid reported for 5. lactis and 5. creworis respectively {MacLeod

and Brown, 1963). However these authors washed the chloroformimethanol

jon
&
L]
o

extracts according to the method of Folch et al. (1957). This proced

oy

which removes water soluble non 1lipid material from the chloroformimethancl

-

extract, was not used in the present investigation. Hofman and Tausig (1955)

o
ot
¥
3
[ad
oF
o
(6]
o
o

found tal lipld content of 5. haemolyticus was 4,5 per cent of

the dry cell weight of this organism. The extractlion methods used by these

nvolved acetone extracition of "free' lipids followed by acid

o
ol
ot
P
O
i)
o}
fte

hydrolysis and extraction of the "bound" lipids with ether. 5. faecalis
has been found to contain only 2.9 per cent of chloroformimethancl
extractable lipids (Vorbeck and Marinetti, 1965).

The medium used in the present work for the culture of 5. bovis was
based on an acetate buffer (Chapter 3, page 23). Since acetate is known to
be a precursor of long chain fatty acids (Wakil, 196L; Lynen, 1962), it is
possible that this metabolite promoted lipogenesis in S. bovis in the
experiments reporited in this work and resulted in the high proportion of
1ipid reported. Differences in lipid extraction amethods could alsc account

for sonm

49
Q
o

f the differences in total 1ipid content in the work discussed above
The stage of growth which the culture has reached at the time of harvesting
is a further possible cause of variation in the lipid content of the bacteria.

-

v of the isomer of cctadecencic acid found in 8. bovis was

b
P
o

fubs
L4
ol

&

cv{»_
8
ot




not conclusively established in this investigation. Oleic acid (cis-G-

octadecenoic) and c¢is-vaccenic acid (gis-ll-octadecenoic) are not likely

i

phases used (Apiezon M and

e

to be separated on the gas chromatograph ligul

&Ju
ot

P.G.A.) although, according to James (1960), is theoretically possible

by

to separate them on a liquid phase of Apiezon M. Because of this difficulty

.

in separation the fact that a single octadecenoic acid peak was obtained wher

i3
s

methyl oleate was co-chromatographed on Apiezon M with the fatty acid methyl

b

esters of 5. bovis does not prove that the fatty acid is oleic acid. Reports

of several authors on the fatty acids of other Lactobacteriaceas indicate

ol

that, in all of the members of thils family studied to date, c¢is-vaccenic

id is the major octadecenoic acid present {(Hofman et al., 1952; Hofman

4

and Sax, 1953; Hofman and Tausig, 1955). MacLeod and Brown (1963%) have

commented on the difficulty of resolving oleiec and cis-vaccenic acids by

gag-liguid chromatography and have suggested, on the basis of the work of
Hofman reported above, that the octadecencic acid present in these organisus

- 2

was cils-vaccenic acld. Conseguently the occtadecenoic acid found in 5. bovis

-

3

in this investigation was considered to be g¢is-vaccenic acid.

o8

ication of lactobacillic acid in the fatty acids of 5. bovis

¢}

bty

The identi
is open to question as it is only based on gas chromatography data (see

Chapter 4, page 39). However in all other Lactobacteriaceae previously

studied, with the possible exception of Sireptococcus haemolyiicus,
Aasasaaa§7¢?c acid has been shown to be a major component of the fatty acid
spectrum, comprising up te 50 per cent of the total fatty acids (Hofman et al.
1952; Hofman and Sax, 1953; Hofman snd Tausiyg, 1955; Hacleod gg‘ﬁg,ﬁ 1962

- (1955) could find no

Qu
3
1]
«
92}
e
[9.5]

MacLeod and Brown, 1963). Hofman an

lactobacillic acid in 3. heemolyticus after separvation of the fatty acid

methyl esters of this organism by fractional distilliatiocn and subseguent

by infra-red spectroscopy. The possibility

by
e
a
Lo
o
.
<
o]
[0}

examination of the

that lactobacillic acid dis present in S. haewmolyticus but occurs in




proporitions too low to be detected by these methods should not be discounted.
The fatty acid spectrum of 5. bovis shown in Table 4 is similer to that
reported by MacLeod and Brown {(1963) for the fatty acids of 3. lactis and

o

5. cremoris. The major differences between the fatty acids of these three

bacteria is in the proportion of gis-vaccenic and lactobacillic ascids. In

S bovis, under the conditions of the present work, the octadecencic acid

onsidered to be cis-vaccenic is the most abundant fatty acid, comprising

el

s

40 per cent of the total acids, while lactobacillic acid constitutes only

L per cent of the total fatty acids. S. cremoris and S. lactis both have

o

sher propertions of lactobacillic acid (44 per cent and 20 per cent) but

ey
fmhe

less cis-vaccenic acid (4.8 ver cent and 17 per cent) (MacLeod and Brown,
1963) than $. bovis.

Iui and Hofman (1962) have shown that lazctobacillic acid is formed by
the addition of the methyl group of S-adenosyl methionine across the double
bond of cis-vaccenic acid. Because of this metabolic relationship between
these two fatty acids it is conceivable that bacteria harvested at a late
stage in their growth cyele would have a greater proporition of lactobacillic

acid and a lesser proportion of c¢lis-vaccenic acld than bacteris harvested
at an earller stage. A&n inverse relationship of this type has been

demonstrated by Robertson (1964) between oleic acid and 10-methylstearic acid

in the lipids of Nocardia corallina. The metabolic relationship between

these two fatty acids (oleic and lO-methylstearie) is analogous to that which
occurs between lactobacillic acid and gis-vaccenic acid since Lennarz gt al.

(1962} have demonstrated the formation of 1l0-methylstearic acid by addition of

€
<

[
\Q
[opt
k>
Nt
5]
pat
@
o
jon

a methyl group across the double bond of oleic acid. Robertson (1

that during the exogenous, or logarithmic, phase of growth of . corallina,

olelc acid was present in greater proportions than 10-methylstearic, and
during the endogenocus phase the oleic acid was converied to 1 ethylstearic

£

acild and the proporiion of the two fatty acids changed.
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te possible that a similar velationship could occur in 5. bovis

o

fole

It is

e

iu

¢ and lactobacillic acids and that this relationship could

fmde

between cis~vasccen
account for some, if not all, of the differences reported in the proportion

of these fatiy acids in various members of the family Lactobacteriscesze. In

the experiments with S. bovis reported in this work it was likely that growtl
of the organism stopped at a relatively early stage, due to the productiion
of lactic acid, and the consequent fall in pH to levels below optimum Ffor

the growth of the organism. Hence it is unlikely that the bacteria ever
reached a true endogenous phase of growth caused by the depletion of the
substrates in the culture medium, slthough insufficient data was obtained to
confirm this hypothesis. This is one possible reason for the low proportion
of lactobacillic acid and high proportion of gis-vaccenic acid present in the
lipids of S. bovis reported in this work.

This type of inverse relatlionship could also asccount for the difference

jTn

in the proportions of these two fatty acids in S. lactis and S. cremoris

reported by MacLeod and Brown {(1963). These authors found that the fabty
acids of S. lactis, which was harvested after 16~20 hours of growth, contained
only 19 per cent of lactobacillic acid, while the fatty acids of $5. cremoris,
which was not harvested until 48-60 hours after inocculation, contained &4 per
cent of lactobacillic acid. These authors did not say what stage of growth

the bacteris had reached at the time of harvesting.

It is apparent from the above that, in any attempt to compare the fatiy




MacLeod and Brown, 1963%). It is alsoc consistent with reports which indicate

4

that branched chain fatty acids of this type have been found only in those

[

are cellulolytic and which reguire branched chain

w.
5

rumen bacteria wh

volatile fatty acids as growth factors (4llison et al., 1958, 1962). 5. bovis

does not exhibit either of these characteristics.
& fatty acid synthesizing enzyme system isolated from rat epldidymal
adipose tissue has been shown to synthesize straight and branched chain fatty

A

priate short chain fatty scid acyl Coenzyme A precursors
(Horning et al., 1961). The proportions of the various long chain fatty acide
produced was shown by these authors to be dependant, to a large extent, on the
relative amounts of the various shorit chain fatty acid precursors present in
the system. If a similer enzyme system was present in S. bovis, the high
proportion of ascetate in the culture medium used in this investigation could
have encouraged the production of the straight chain fatty acids and suppresse
any possible production of branched chain fatity scids. However there has been
no evidence reported in the literature to suggest the presence of an enzyme

system similar to that reported by Horning et al. (1961} in S. bovis.

- . 1k e . .
The addition of iscbutyrate-1-C to the S. bovis culture medium revealed

that very little (less than 1 per cent) (Table 5) of this metabolite was taken

up from the medium by the bacteria. None of the © label was incorporated
inteo the long chain fatity aclds of the organism, which indicates that there

was no divect dncorporation of isobutyrate into these fatty acids. It is

o
o
<
b

possible that some lsobutyrate was metabolised by 5. bovis to produce

e~ s

L Y >

from isobutyrate-1-C by this pathway would not
. 14 , \ . , . .
contsin any of the C label as carbon z would have been lost as carbon dioxid

If this propionic acid was subsequently incorporated into the long chain fatiy

acids they alsc would not contain any of the C label and could not be




detected by radiochemical means. However the slight, bui consistent, increas:

in the proportions of the long chain fatty acids having an odd number of
carbon atoms in 8. bovis grown on s medium supplemsnted with isobutyrate
suggests that isobutyric aclid was metabolised by the organism and the

propionic acid produced incorporated into the long chain fatty scids with an

aLlh

odd number of carbon atoms. Further work using iscbutyrate~3 or 4-C is

necessary before any conclusiocns can be reached regarding the metabolisnm

he work discussed in this section shows that, under the expsrimental
conditions imposed, S. bovis does not synthesize branched chain fatiy acids

of the iso or anteiso series even when isobutyric acid, & known precursor

added to the medium.

n

of the iso series of branched chain fatty acids, 1

s

This evidence, together with the

Iy

fact that S. bovis is non-cellulolytic and

does not reguire branched chain volatile fatbty acid growth factors, makes it
unlikely that this bacteria contributes to the high proportion of branched

chain fatty acids produced in vivo in the rumen.

+2. The Branched Chsin Fatty Acids of Rw
2 The Branched Chain Fatty Acids of Rumen
Becteria and Protozoa

po 4

The fatty zcld composition of the rumen micro-organisms examined in the

present work (Table 8) showed that the bacteria contained a far greater

B

proportion of branched chain fatty acids than the protozoa. This is in

agreement with the results of Keeney et al. (1962} and in fact the comple

e

spectrum of rumen bacterial fatty acids shown in Table agrees with the fatty

o

acid composition of the rumen bacteria reported by these authors. The
protozoal fraction examined in the present work was, like that of Keeney gt al
(1962}, observed to contain some finely divided food particles which had
passed through the cheese cloth filter used to separate the solid rumen

®

from the liguid rumen fluild. OSince these food particles were likely

2-.« o

ingest

@

to have colonles of bacteris adhering to them, they were a probable source of




- 72 -

.

bacterial contamination in the protozocal fraction. The fatiy acids from
these bacteria could quite reasonably have accounted for all of the branched
chain aclids found in the fatty acids from the protezoal fraction, both in
the present work and in the work of Keeney et al. (1962). It would have
been of interest to determine whether rumen protozoa, free of cantamiﬁ&ting
P

bacteria, do contain any branched chain fatty acids.

in and Bloech (1963) have reported quite large proportions (up %o 20

3

Brw

b

.

n the fatty scids

§w}c

e

per cent) of branched chain fatty acids of the iso series

i

of several species of the protozoon family Tetrshymenidae. Howsver the

presence in the rumen of protozos of this femily has noi been reported.

tty acids din the mixed rumen bacteri

o

&.J .
2
et

The presence of di- and tri-enoic fa

exanined in this work was almost certainly due to the presence of chloroplast

ia

0]

and other finely divided plant materdisl in this fraction. A green colouration

which indicated the presence of chlorophyll containing material, occurred in

all suspensions of rumen bacteria even after repeated washings. Weenink (1961

.

has shown that the fatty acids from ryegrass and clover chloroplasts contain

large proportion (up to 85 per cent) of linolenic acid. Since Brwin et al.

e -

L]

(1964) has stated that no bacteria have been found %o contain unsaturated
fatty acids with more than one double bond it is unlikely that these fatty

acids cccurred in the rumen bacteria. The evidence for the occurrence of di-

and tri-encic fatty acids in the extraneocus plant material, present in the

bacterial fraction and not in the bacteria, was sitrengthensd by the

o

observation that these fatiy scids disappeared from the mixed bacterial

lipids after incubation and growth of the bacteria (Tables 10, 12, 16).

a
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5.3. The Production ofigg_butyrate-}-cl4 from
valine-4-C+% by Mixed Rumen Bacteria

L

The production of C1 labelled isobutyric acid from valine-L&--C14 by a
mixed population of rumen bacteria has been demonstrated in the present work
(experiment 4, Tables 14 and 15). The mechanism involved was probably a
mutual oxidation-reduction reaction between two amino acids, one of which

was valine-#-clh. In this type of reaction, which was first elucidated by
Stickland (1935) and subsequently shown by el Shazly (1952b) and Dehority et :
(1958) to occur in mixed cultures of rumen bacteria, valine is oxidatively
deaminated to form oc-ketoisovaleric acid, while a second amino acid is
reduced and ammonia is produced. oc-ketoisovaleric acid is then oxidatively
decarboxylated at the expense of another molecule of the second amino acid

to form isobutyric acid. An outline of the reactions involved is shown in
Figure 3 (Chapter 1). The formation of 014 labelled isobutyrate from

14

valine-4-C in the present work is consistent with the occurrence of this

type of reaction in mixed cultures of rumen bacteria.

The formation of Cll+ labelled propionic acid from valine-h-Clu, which
has been demonstrated in the present work (Table 15), is in agreement with the
known pathways of metabolism of this amino acid. The mechanism of formation
of isobutyrate from valine has been outlined above and the subsequent pathway
of catabolism of isobutyrate to propionate has been elucidated by a number of
authors (Atchly, 1948; Kinnory et al., 1955; Robinson and Coon, 1957;
Rendina and Coon, 1957) and the reactions involved are shown in Figure 15.

Reference to Figure 3 shows that after deamination and decarboxylation,
carbon Ch of the valine molecule becomes carbon 03 or Ch of isobutyric acid.
In the subsequent metabolism of isobutyric acid (Figure 15) the carboxyl
carbon (Cl) is lost by decarboxylation and carbon C,, 03 and C, become

carbon Cl’ C2 and C3 of propionic acid. Consequently in the experiments where

iso‘butyrate--1--(31LP was incubated with mixed rumen bacteria, the catabolism of
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this metabolite could not be followed because of the loss of carbon 1, as

shown in the reaction scheme in Figure 15.
. 14 § 14
5.4. The Incorporation of the C Label from igobutyrate-1-C

and valine-4-Cl* into the Long Chain Fatty Acids
of Mixed Rumen Bacteria

When mixed rumen bacteria were incubated in a medium containing iso-

L

butyrate-l-cl the label was found to be located in the branched long chain
fatty acids of the bacteria containing both odd and even numbers of carbon
atoms (Tables 13 and 17). In experiment 3 (Table 13) a comparison of the
relative specific activities of the fatty acids shows that the label is
incorﬁorated to a greater extent into those branched chain fatty acids with
an even number of carbon atoms. However in experiment 4 (Table 17) the Cll+

label is incorporated approximately equally into both odd and even numbered

branched chain fatty acids. Although the iso and anteiso isomers of the

branched chain fatty acids could not be separated, it is probable that only
the iso branched chain fatty acids were labelled in these experiments.

The incorporation of the 014 from iggbutyrate-l-clh into the iso series
of branched long chain fatty acids with an even number of carbon atoms is in
agreement with the pathways reported for the synthesis of branched chain
fatty acids in pure cultures of several species of rumen bacteria (Wegner and
Foster, 1963; Allison et al., 1962b). Those pathways have also been found to
occur in several species of bacteria not found in the rumen (Lennarz, 1961;
Kaneeda, 1963b). The mechanism postulated for their formation involves the
addition of a variable number of two-carbon units (presumably acetate) to the
carboxyl group of isobutyrate or a similar branched chain volatile fatty acid
(el Shazly, 1952b) (see Figure 4).

The incorporation of the Clh label fron isobutyrate-l-clh or valine-4-C

14

into the branched chain fatty acids with an odd number of carbon atoms has

been demonstrated in the present work and this pathway has not previously been
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reported in any species of rumen bacteria. However Kaneeda (1963c) has

reported that when Bacillus subtilis was grown in a medium containing

4 14

valine-U-Cl the C label was incorporated into the iso series of branched

chain fatty acids containing both odd and even numbers of carbon atoms.

These findings are an exception to the generally accepted belief (Keeney et a.

1962) that branched chain fatty acids of the iso and anteiso series are formec

by the condensation of a number of acetate molecules with the appropriate
branched chain volatile fatty acid precursor. On the basis of this theory
one would expect only the isc series of branched chain fatty acids to be
produced from isobutyrate.

Kaneeda (1963c) postulates a mechanism for the synthesis of the odd
numbered branched chain fatty acids from valine which involves the formation
of oc-ketoisocaproate by condensation of ec-ketoisovalerate and acetate,
followed by the elimination of one carbon atom. A mechanism of this type has
been shown to occur in several micro-organisms in connection with the synthesi
of the amino acid leucine (Calvo et al., 1962; Gross et al., 1962; Jungwirth
et al., 1961; Strassman and Ceci, 1962). The carboxyl carbon of
oc -ketoisocaproate is then lost and the resulting isovalerate is incorporated
into the iso branched chain fatty acids having an odd number of carbon atoms.
This reaction sequence, an outline of which is shown in Figure 16, could
account for the production of Clh labelled odd numbered branched chain fatty
acids from valine—#-Clu in mixed rumen bacteria since, in these organisms,
o< -ketoisovalerate has been shown to be an intermediate in the formation of
isobutyrate from valine (Dehority et al., 1958).

For the formation of iso branched chain fatty acids with an odd number
of carbon atoms from isobutyrate by reactions of this type, it is necessary
that the isobutyrate first be carboxylated to oc-ketoisovaleric acid. This

reaction has not been reported in rumen bacteria, but Allison et al. (1962b),

reporting unpublished work of Wegner and Foster, have stated that
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CH yd 1
/ 3 O
CH3\ v <-ketoisovalerate
CH-CH-COOH NH
CH v i 3
3 NH2
valine
CH Co. CH
3>CH—§H~&OOH 72, 3/\CH-CHZ-C—COOH
CHj CH,COOH CHJ 0
<-ketoisocaproate
CO, CHo
Tz CH-CH ~-COOH
CH.” 2

3
isovalerate

. i 53 B A
isovaleric acid from iscbutyric acid.
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isobutyrate-l-014 is a direct precursor of valine-Z-ClLF in the rumen bacteria

Ruminococcus flavefaciens. If the reactions involved in this transformation

are the reverse of those involved in valine catabolism, and outlined in
Figure 3, then it is probable that oc-ketoisovalerate is an intermediate in
the formation of valine from isobutyrate. Consequently this metabolite would
be available to enter the reaction pathway leading to the formation of
isovaleric acid suggested by Kaneeda (1963¢). The reactions postulated for
the formation of isovalerate from isobutyrate and valine are shown in

Figure 17.

Subsequent condensation of isovaleric acid-a-Clh (formed from isobutyric
acid-l-Cl# by this reaction) with a number of molecules of acetate, would
produce Cll+ labelled iso branched chain fatty acids with an odd number of
carbon atoms, as has been shown to occur in the present experiments (Tables
13, 17 and 18).

An alternative explanation for the production of odd numbered branched
chain fatty acids from i_s__o_butyrate-l—cl4 in the experiments reported in this
work could be their formation by a process of oc-oxidation from the even
numbered branched chain fatty acids formed from this metabolite by
condensation with acetate units. This process would involve the loss of
one carbon unit from the carboxyl end of the even numbered branched long
chain fatty acids. Saturated and unsaturated long chain fatty acids have been
shown to be degraded by oc-oxidation in plant systems (Martin and Stumpf, 1959
Castelfranco et al., 1955; Stumpf, 1956; Hitchcock and James, 1964) and a
similar mechanism has been demonstrated for the degradation of the long chain
fatty acids found in brain tissue (Mead and Levis, 1963; Levis and Mead, 1964
However the plant enzyme systems responsible for oK-oxidation have an absolute
requirement for molecular oxygen (Hitchcock and James, 1964) and in some cases
require an exogenous source of hydrogen peroxide (Martin and Stumpf, 1959).

A similar requirement for oxygen for X~oxidation in brain tissue has not
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been demonstrated but no work has as yet been carried out on enzyme syvstems

ed from this tissue. These requirements make it unlikely that a

c'i

isolat
similar enzyme system could operate in the rumen where the oxygen tensicn is
very lew. It is possible that in this work the oxygen tensiocn in the culturs
flasks was sufficient to allow ec-oxidation to take place but this would be
dependent on the assumption that rumen bacteria possess the enzyme systens
regulired for this pathway, and that branched chain fatity acids are subject

to oc-oxidation.

An oc-oxidation system in rumen bacteria which is not dependent on
molecular oxygen is also a possibility whilch should not be discounted, but
further work is necesgsary before the mechanism of formation of the odd carbon
number branched chain fatty acids from iscbutyric acid can be finally
elucidated.

. . ik . 1k s
The incorporation of € from valine-4-C into the branched long chain

1, Ly

atty acids of mixed rumen bacteria has been demonstrated in the present work

iy

(Table 18). The occurrence of Clz‘L labelled isobubtyrate in the mediun

supernatant at the end of this experiment (Table 15) suggests that this

<

volatile fatt he formation of branched long

[y

;..N.

acid is an intermediate in

g}

chain fatty acids from valine as suggested by el Shazly (1952b). It would

have been of interest to elucidate whether the complete conversion of

3

valine~%a814 to the branched long chain fatiy acids was carried out by any
single rumen bacterial specles or whether the deamination and decarboxylation
of valine to isobutyrate was carried out by one group of bacteria in the rume:
while the synthesis of the branched chain fatty acids Ifrom isobutyrate was

o

1L . .
undertaken by a second group. The occcurvence of labelled iscbutyrate in

14

ree supernatant from the culture in which valine-i-C was added to

feby

the cell
the mixed suspension of rumen bacteria suggests that two bacterial species
%

are necessary for the complete reaction pathway. This conclusion is supporied

act that those rumen bacteris which contain branched long chain fatty

by

the

oy
<
ﬂ
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acids require a branched chain volatile fatty acid as a growth factor (Bryant
and Robinson, 1961) and the addition of valine, or a similar branched chain
amino acid to the culture medium for these organisms did not satisfy this
requirement.

The labelling of n-heptadecanoic acid in the experiment with val:i.ne—h-cll'4
(Table 18) was almost certainly due to the incorporation into this fatty acid
of labelled propionate which had resulted from the catabolism of the
isobutyrate produced from valine. It was likely that the lower straight
chain acids with an odd number of carbon atoms (015:0, 013:0) were also
labelled in this experiment but, as there was not a clean separation of these
fatty acids on the gas chromatogram, the activity of these acids could not be
accurately determined. The radiocactivity which was found in these fatty acid
fractions (01530, Cl3:0) was also due to carry-over of labelled branched chain
fatty acids from the previous fraction during gas chromatography. The
formation of long chain fatty acids with an odd number of carbon atoms from
propionate has been demonstrated in a number of bacteria and in a cell-free

enzyme system from rat epididymal adipose tissue (Kaneeda, 1963b; Horning,

1961).

5.5. The Validity of Results obtained with Experiments
using Mixed Cultures of Rumen Bacteria and their
Application to Jipn yivo Conditions in the Rumen

The results of in vitro experiments using mixed rumen bacteria, such as
those reported in this work, must be‘treated with caution when drawing any
conclusions about reactions taking place in vivo in the rumen. The conditions
imposed in these experiments were markedly different to conditions in vivo and
the effect of this must be considered in any work of this type.

The method of preparation of the mixed bacteria used for washed
suspensions in the experiments reported in the present work, together with

the long period of incubation of the suspensions (36 hours) makes it very
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likely that there were considerable changes in the bacterial population
during the growbth of the culture. This observation regarding mixed cultures
of rumen bacteria has been made by other Werkérs (Hungate, Bryant and Mah,
1964).
The change in the bacterial population of the mixed suspeusions in the
present work was reflected in the changes that occurred in the proportions

Th

of the fatty acids of the mixed bacteria before and after incubation. hese

jo

changes are shown in Tables 10, 12 and 16. The change in fatty aci
composition was most marked in experiment 4 (Table 16) where the proporition

of the branched chain fatiy acids in the bacteria dropped considerably, while

the proportion of the mono-unsaturated 3’8'1 fatty acid present increased fror
Lilde

ok

% to 10 per cent. ZIExperiment 4 differed from the previous experiments with
mixed suspensions in several respects. Apart from the change in fatity acid
composition mentioned above, the production of volatile fatity acids by the
bacteria was only half that which occurred in the other experiments {(Table 9).
The time between inoculstion of the culture and the commencement of gas
production was also much longer in all three flasks in experiment &.
vsﬁseq&e@%3§ it is likely that the change in the bacterisl population was
mach more extensive in this experiment than in experiments 1, 2 and 3.

oy

It is reasonable to suggest, in view of the evidence above, that the

.

conditions during preparation of the mixed suspensions of rumen bacteria dn

these experiments were such that the provortion of obligate anserobes in the

suspension was reduced, while the less oxygen sensitive species were not so

fud

severely affected. This would account for the veduction in the proportion of

1

ds in the mixed rumen bacteria since the

n_.l »

the branched chain fatty ac

-

obligatory anserobilc group of rumen bacteria includes the cellulolytic

.

¥

organisms known to produce branched chain fatty acids (Allison et al., 1962b;

O
Wegner and Foster, 1963).

It is possible that, had greater care been taken in ensuring that
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reparation of the miwmed

ot

v
@
by
ks

snaercbic conditions were maintained durine

suspensions, the changes which cccurred in the bacterisl population, and in

the fatty acid composition, would not have been so marked. 4 greater

. 1k s 1k 1
oration of the C label from both iso jrataaé—s and dl-valine-4-C™

-ty
o
o
@
"
o
el
&}
o]
o
o
o]
ek

into the long chain fatty acids would probably have occurred ii

The degree of incorporation of the C7  label from iscbutyrate into the

tty acids of mixed rumen bacteria was very small in these experimsnis.

ity

raction of

roportion of the radiocactiviity found its way into this

e
jing
[
b
iy
(o]
o
st
3
&wh
e
o
=3
@
oy
foed
(6]
e

fraction. The incorporation of iscobutyrate and isovalerate int

)

acids of Ruminococcus flavefaciens has been reported by 4llison et al. (1962a)

An unknown proporition of the total radicactivity was also lost as carbon
14
dioxide following the metabo m of iscbutyrate~l«C" by the rumen bacteria.

% = t) L3 *E« 3 z 1 *
A& large proportion (40 per cent) of the valine-4-C added to the mixed

suspension in experiment 4 was taken up by the bacterial cells (Table 14) and

only & very small proporition of this was found in the fatty acids. Presumably

i
1a . o .
K ~ Lo s £ L
i i

he mixed bascteris.

-3

in the present work that valine and its metabolite lsobuityric acid were the
precursors of some of the branched chain fatiy acids found in mixed rumen
branched chain fatty scids with an odd number

bacteria. The production of iso

nomenon not previously observed in

Jota
i1
e

Ls}

3“'

of carbon atoms from lsobutyrate

rumen bacteria either in vivo or in vitro. Further in vive work on this

pathway will be necessary before its significance in the overall metabolism




of the rumen is established. Investigstions with pure cultures of rumen
bacteria capable of carrying out this transformation are necessary beforse

S

the reaction pathways involved can be completely slucidated.

nle

The evidence discussed in this section on mixed rumen bacteria supports

i

the theory postulated by Xeeney et al. (1962} that the branched long chain
cid

fatty acids found in the milk and depot fats of ruminaznte are synthesized in
8]

iy

the rumen by the bacteriazl population of this part o

o

the digestive systenm.

I
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A study has been made of the long chain fatty acids from the rumen

bacteris Streptococcus bovis and particular attention was paid to the

possibility of branched long chain fatty acids occurring in this organism.

However no branched chain fatty aclds counld be identified in the lipids

of §. bovis even when the organism was grown in a2 medium containing

isobutyric acid. The significance of this finding in relation to the

z«.h

n which S. bovis was grown has not been found to be incorporated into any

4, x

of the long chain fatty acids of the bacteria. This substrat

el
t
[
[
fete
iy
{5‘
fod
L]

. 1h . o c
{(iscbutyrate-1-0" ) was not metabolised by 5. bovis to any ap
extent dn these experiments.

actobacillic (gis-11l,1l2-methylene~octadecancic) and cis-vaccenic

bt

(¢is-ll-octadecenoic) acids were both tentatively identified in the fatty

acids of S. bovis and the proportions of these acids in this organism are

compared with the proportions found in other bacteris of the family

The possible effect of the presence of acetate in the culture medium
for 5. bovis on the percentage of total lipid, and on the fatty acid

position of the bacteria, is discussed.

A study was made of the fatty acid composition of the Lipids from
the mixed bacteria, and mixzed protozoa, from a pasture fed dairy cow.
Branched chain fatty scids were found to be present to a greater extent

in the bacterial than the protozoal fatty acids.
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R . - . 14
The production of C labelled isobutyrate from valine~i-C by
mixed suspensions of rumen bacteria has been demounsiraied and the

mechanisns involved in this transformation are discussed.

. . - , . 14 o ALl
The dncorporation of isobutyrate-1-C and of C© labelled
. s . 14, .
isobutyrate produced from valine=i-C into the branched chain fatty
T4
> . ) I3 * L3 3, 7YY e E S Ead
scids of mixed rumen bacteria has been shown. The C label was found

in the branched chain fatty aclids which contained both odd and even
numbers of fatty acids and this result is discussed in the light of
current knowledge of the formation of branched chain fatty =acids.

l‘%

The catabolism of C labelled isobutyrate (produced from valine-4~C
. f,l‘{%’ - 3 * i 3 3 1 5 o~ l},{%
o G labelled proplonate has been demonsirated and the uptake of C
labelled propionate into long, stralght chain fatty aclds with an odd
number of carbon atoms was followed.

S

The significance of resulis obtained from these in vitro cultures

L&)

of mixed rumen bacteria and their relation to the overall mesiabolism in

. Iy

the rumen is discussed.
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L. Bxperiments carried out to Determiy
and Cultural Conditio

Ezperiments were performed to determine whether the 5 per cent sucrose

medium of Wright (1960) would produce a greater yield of S. bovis cells than

s

the chemically defined medium used Oxford (1958). In addition, the effect

o
L

of growth in alvr, in an atmosphere of carbon dioxide, and in air with the
addition of 5 per cent of solid calcium carbonate to the medium, as described

ley and Oxford (1958}, was investigated.

i

E-JQ

by Ba

Culture Medium

The medium of Oxford (1958) was prepared as follows: Bactocasamino
acids (Difco), 25 gm.; sodium thiocglycollate, 0.3 gm.; MgSO
?ega, 7H Q§ 0.005 gm.; uracil, 0.02 ga.; adenine sulphate; 0.05 gm.:
guanine, 0,02 gm.; l-cysteine-HCL, 0.15 gm.; Il-tryptophan, 0.15 gm.:
sucrose, 50 gm.; and sodium acetate, 20 gm., were made up to one litre with

distilled water and the pH adjusted to 7.0 with concentrated smmonis solution.

ng and 100 mls. were added to

-

sterile, cotiton wool plugged, 150 ml. conical flasks to which had previously

been added 1.0 nml. of a sterile solution of B wvitamins. The solubion of B

. .

vitaming contained the following ingredients: pyridoxine-HCL, nicotinic acid,
3

T et oy L1 . . . . - Y
calcium panthothenate, thiamine-HCl, p-aminobenzoic acid (each 200 ﬁg@a/llﬁ?%}§

riboflavin and folic acid (each 50 mgm./litre) and biotin (0.25 mgn./litre).

The medium of Wright (1960) was identical with the medium described in
Chapter 3 on page 23 but the concentration of sucrose was 5 per cent and not




Cultural Conditions
One hundred mls. of gach of the c¢uliure media in 150 ml. conical
was inoculated with a single loop from a 12 hour culture of 5. bovis, and
incubated at ﬁ?gCg for 18 urs under one of three cultursl conditions
descrived belo
{a) Growth in air.
(k) Growth in an anserobic jar flushed with carbon dioxide for
1 houy after inoculation.
{¢) Growth in air, with the addition of 5 per cent of solid, sterile,
galcium carbonate to the medium.
At the end of dncubation the bachterizl cells were harvested by
trifugstion, washed, freeze-dried and theilr dry weight determined by the
methods desceribed din Chapter 3.
Resulis
The weilght of bacterial cells which was produced in each culture flask
is shown in the table below
TABLE
cells

of medium) of bacterial
twoe different media,

/100 ml. of
in by
Details of

The dry weight (gm
produced by 5. bovis when grown
and under three conditions of culiure.
the media and cultural condiiions are given
in the text above.
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Conclusions

The results of this experiment showed that S. bovis produced a greater

weight of cells when grown in Wright's (1960) medium. This was the case for

z

.

all cultural conditions tested. The best cultural conditions was in air with

rovide a source of

i

tl ddition of solid calciunm carbonate to the medium to

[

@

a5
o

ssolved carbon dioxide and bicarbonate ions. The sreater weight of cells
L L)

.u

in the flasks containing solid calcium carbonate than in those grown in an

kv

atmosphere of carbon diowide was probably due to the neutralising effect of

the calcium carbonate on

Larger yields of bacterial cells were asssociated in this experiment with

Rl <

¢
S
]

heavy production of dextran by the bacteria. Since large amounts of dextran
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in the

B, The wffect of reducing the Sucrose Concentration in the Medium
on the Yield of 5. bovis cells, and on the Production
of Dextrsn by the Bachteria

The medium used in this experiment was basically that of Wright (1960)
he concentration of sucrose was varied from O to 5 per cent. Five per
cent of solid calcium carbonate was added to 100 mls. of the medium inmmediatel;

prior to inoculation of the flasks with a loop of a 12 hour culture of 5. bovic

20 - v e P
at 37°C. for 18 hours and the bacteria were then

j i)

The cultures were incubsate
harvested. The results are shown in the table overleaf., Dextran production
was assessed by precipitation from the culture supernatant with 4 volumes of

85 ver cent ethancl and centrifugation. The amcunt of dexitran produced was




i
w0
[9aY
i

The dry weight (gm./100 ml. of medium) of bacterial cells
and degree of dexiran production of 5. bovis grown on
g medium with varying concentrations of sucrose.
Sucroge in Wedpht of freeze-~dried Helative Dextran
Medium (7 Bacteria {(gm./100 ml. of medium) Production *
{Average of two cultures)

5 0,147 et

2 0,143 ot

o) 0.139 +

1 0,088 +

O - -
$ wire 3 ko £ e £ 1 va 1 P 3 e £ s 4 4

- = po dextran production, +++ showing dextran production.

Conclusions

In the flask containing 2 per cent sucrose the dextran production was

at this level
sucrose, this medium was chosgen for all subsequent experiments with
bovis., The composition of the medium finally c

~
page 23.




in bhe meéiam during Growth of 5.
of Alkali nesded to Neutralis

Measurement of the pH changes in the cultu

cent sucrose medium suggested that baclterial gr

of the fall in pH caused by the producition of la

becauge any substrates in the
jecided to try and

pH of the medium to 7 after it had fallen to 5.

l

amount of

to restore the medium to pH 7 from various pH va

Byxperimental

One 1itre of the 2 per cent sucrose mediunm

caleium garbonate was added immediastely before

aliouots of the culture medium

it

intervals 25 ml.

from the flask and the pH of these was measured.

B
4
Ty

sedium hydroxide reguired to bring the pH of ea

The resultis of this experiment are shown g

Figure 17 shows the changes which cocurred in %
culture of 8. bovis grew, while Figure 18 shows

ou
L
o]
P
c"{"
g
©
s

medium had been a3

increase the yield of 5. bow

res of 8, bovis in the 2 per
z

is cells by restoring the

w3

e

6 during growth. An experimen

i
0.75N sodium hydroxide needed

iues,

were withdrawn aseptically

ch aliguot back to pH 7 was

raphica

onate, were each incculated
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with 10 mls. of a 12 hour culture of S. bovis and incubated at 37°C. The
pH changes in the medium were followed and when the pH had fallen to 5.6,
sufficient 0.75N sodium hydroxide to return the pH to 7.0 (calculated from
Figure 18) was added to one of the flasks. Both flasks were replaced in the
incubator and were harvested after a total of 18 hours' incubation. The
bacterial cells were washed, freeze-dried and the dry weight determined.

The flask in which the pH had been corrected produced 1.579 gms. of dried
bacterial cells while the control flask produced 1.122 gms. of cells. Since
the procedure of pH correction resulted in a 30 per cent increase in the

yield of cells it was used in all subsequent experiments with S. bovis.





