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SUMMARY

Asrobic desaturation of long chain fatty acids is virtually a
universal process and it has besn noted that under identical conditiops the
same organism or enzyme system will introduce the double bond into the
seme position in the fatty acid chain. The blosynthesis of long chain
fatty acids is therefore a highly specific process. To date the specific
factors which govern the position of the double bond in the fatty acid
molecule have not been investigated. This thesls deals with work done
to demonstrate the existence of aercbic desaturation in five syﬁtéms

typical of the whole spectrum of life viz. the yoast Torulopsis apicola

the green alga Chlorella vulgaris, the euwbryo and endosperm of the castor

plant Ricinis communis, a microsomal fraction of hen liver and a

microsomal fraction from the mammary gland of 2 goat. When aerobic
desaturation had been demonstrated to be operativ: in the system the
positional specificity of enzyﬁic desaturation was investigated Ey
incubation of a homologous series of radiolabelled saturated fatty acids
and radiolabelled homologous and positionally isomeric moncenocic fatty
acids, synthesised as part of the work, with the above systems. Cohclusions
were drawn concerning the number of enzymes responsible for the desaturations
and also concerning the control of the positional specificity of enzﬁmic
desaturation in these systems,

Some indirect evidence of the shape of the enzyme in the vicinity
of the substrate in the enzyme substrate complek was also obtained, 5
The incorporati;n of the substrate fatty acids and the products of aercbic
desaturation into various lipid classes was studied in some of the systems
and investigations were also made into the positional specificity of
hydroxylation of homologous and positionally isomeric moncenoic fatty

acids in the embryos and endosperms of the castor plant Ricinis communis.
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Abbreviations used in this thesis:-

NADH
NADPH

TILC

~% RTLG

GLC
RGIC
ATP
CoA

ACP

DMSO

Frap

PEGA-

PFS
B3A

PPO

Wicotinamide adenins dimicleotide

Nicotinamide adenine dimicleotide phosphate

Thin layer chromatography

Radiochemical thin layer chromatography
Gas liquid chromatography

Rad;ochemical gas liqﬁid chromatography
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Coenzyme A |

Acyl carrier protein
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3

Free fatty acid phase

Polyethylens glycol adipate
Particle free supernatent
Bevine Serum Albumin
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GENERAL _INTRODUCTION

This thesis concerns som aspects of the formation of leng chain fatty
acids in natural systems, Fatty acids are naturally occurring materials

seldom found in the free acid form but rather as esters combined with the

trihydric alcohol glycerel to form lipids, This having been said, in the

description of fatty acids which follews they will be discussed in their .free
acid form. Long chain fatty aclds for the salzé of this thesis, have an
aliphatic carbon chain having at léast 10 carbon atoms and also having a
terminal carboxyl group, By virtue of their mode of synthesis from 9.(:61;1}1:&;1
the majority of naturally cccurring fatiy acids have an even mmber of ca;’oon
atoms., 0d4dd chain acids arising from an initial proprionic acid molecule"’2
are very mich less common, |

Naturally occurring fatty acids may be cenveniently divided into threa
groups -~ the saturated fatity acids, the unsaturated fatty aclds and the. |
| substituted fatty acids, Some examples of each of these groups aleng w:.'bh
the trivial name, where commonly used, is contained in the tables below.

Table I Saturated fatty acids

Svstematic Name Trivicl nam structure
n-decanoic acid tapric CH3( CH, )8 COCH
n-dodecanoio lauric GH5(CH2)10 COOH
n-tetradscancic = - myristic CHB( CH,) 1o COOH
n-hexadscanoic pelmitic cﬁj(cnz)m COOH
n-heptadsecanoic mersrio CHy (CH, )1 5 COOH
n-octadecancic stearic CHB(CHz )15 cooH
n-eicosanoic arachidic CH3( CH;),q COOH
n-docosanoic tehenic GHS( CH, ) o COOH

n-tetracosanoio lignoceric CH5( CH,),, COOH



Table IT

Common unsaturated fatty acids

Syshematic name Trivial Name

cls 9 hexadecenoic Palmitoleic

_c_:i.é_ 9 octadecenoic Oleic

cis 9, cis 12 éctadecadienoic linoleic

cis 9, oig 12, gis 15 linolenic
ootadecatrienoic

cis 5, cis 8, cis 11, cis 14 arachidonic
eicosatetrenoic

cis 11, cctadscenolc vaccenic

ois 13, eicosenoic _eruclc

trapg 7 octadecenolic elaidic

9 cctadeoyneic stearolic

Structure

CH3(CH2)5CH = CH (CH2)7 COQH

CHB( CH2)7CH
CHB( CH, )‘,_‘_CH

CH (CH, )7 COOH

i

CH CH, CH = qH(0112)7
COOH

CHy(CH, CH = CH),(CH,), coo;{

GHB(CHZ)A'(CH CH CHz)h( CH2)2000H

CH3(0H2)5 CH
CH3(0H2)7 CH
(:}{3(01{2)7 CH
CHy(CH,), C = G(CH,), COOH

GH(CH, )y COOH

CH(CH, ), COOH

f

CH(CH, )7 coog

Unsatvrated fatty acids usially have gis double bonds end whers |

there are two or more unsaturated centres they are arrangsd in the methylene

interrupted or divinyl methens pattern see below

R-CH=CH~CH, -~ CH=CH~-R'

A methylene interrupted sequence of double honds

-
.

trans Double bonds acetylenic bonds and conjugated double bonds occur

more rarely and ere discussed later,

Table TIT _Some substituted fatty acids
T )

¥

Systematic nams Irivial name

18 fluoras 9 cis octadecencic -
9410 epoxyoctadecanoic 9,10 epoxystearic
19 hydroxyoctadecansic -

d~10 methyl octadecancic tuberculostearic

w—(2-—ﬂ-octyl cyclo propyl)= lactobacillic
eotancic

Structure
FGH2(GH2)TCH = CH (CH2)7 CO0H
CH,(CH, ), GH’E\GH(CH2)7 COOH
CH,CHOH (CH,), 5 COOH |
&«JbH3CCH2)7 gHH?CHZ)B COOH
CH(Cly)g. CH = GH(CH,), COOH

CH

2



Some substituted acids also have unsaturated centres e.g, ricinoleio-
acid, 12 hydroxy cis 9 octadecenoic acid and hence can be included in .either
c¢lassification.

The importance of certain unsaturated fatty acids as essential
constituents in the diet of animals has been realised for a long timej.
Animals deficient in these so called essential fatty acids do not maintain
normal growth, or repfoduction, ‘develop sk:in lesions and eventually die.

The acids which have been found to alleviate the above symptoms aré the linoleic
acid series ©.g8. linoleic, ¥y linolenic and arachidonic acidsl*. These all

have the sam structure at the methyl end of the molecule and linoleic a.c.id

can be converted to arachidonic by sequential elonzations and desaturations.
Recently the W3 linolenic acid series has been found to have some essential
propertieas5 . |

Recently & relationship between essential fatty acids and a glfoup of
raturally occurring substances called prostaglandins which have marked |
physiological properties such as vasfo dspressor activity6 has bee:i discovared,
For example arachidonic 2cid may be converted to the prostaglandin (PGEZ)_.’C
as shown below, |

H B

CH,(CH,)

3 b

CHOH - CH = CH < CH, CH = CH (CH2)3 COOH

HO OH
Work is still contimuing, but it may well be that the ability te
form these compounds is the sole reason for the special es_sential properties
of certain polyenoic fatty acids.
Although the essential fatty é.cids linoleic and iinolenio are produssd
exclusively by plant systems the biosynthesis of unsaturated fatty acids is

carried out by the whole Spectmmﬂof living systems. It is the object of

- this thesis to investigate the biosynthesis of unsaturated fatiy acids in




selected systems representative of this spectrum and to add to the existing

krowledge of this important process,

The synlhesis of saturated fatty acids is now well understood. The

studies of L‘{aki].?’ B Vagelos9 ’ Gurinlo-lz, and Pori:enrl3 with animal systems,

Vagelosg’lh-%, Yam&muraz", Iaynenl, Blooh25 ’ Klein26 and Vfakil‘??'jO'

. 35

with

bacteria and Stump:f‘5 1-35 » Jemes”  and Chenite™™ with plants have shown that ths

synthesis of saturated fatty aclds in all these systems is essentially the same,

This pathway, the so called malonyl CoA pathway, proceeds in the follewing steps
ard is repeated until the yequired chain length is obtaired. |
Acetyl CoA + enzyme=SH ————) acetyl enzyme + CoASH
Malonyl CoA + acetyl-enzyme »-—_)'acetoacetyl-enz\yﬁte + CoASH « 0.92
#oetoacetyl-ensyme + NATPH 4 H+-——) B-hydroxy butyryl-enzyme + IJABP+
p-hy droxybutyryl-enzyie ————3crotonyl-enzyne + H,0
trotenyl-enzyme + NADPH . H+—-9 b;tyl'*ylnenzymé + Nampt
butyryl-enzyme ¢+ malonyl CoA —Repeat cycls, ' '
This cycle then repeats to give the mduired saturated fatty ccid.
The enzyme which carries tls functional groups during thé synthetiopyclo
s as an integral part of it an acyl carrier protein, In some systemg
6.2. yeast and pigson liver:,l"ait is not separable from the enzyme whilst i:} other

systems e.g, E.€80]: s

25 it is easily separable and has been fractiocnated from it.
The heat stable protein which carries the acyl residues during the above sequence
of reactions was first isclated by Vagelos from M]nmrilg’js and was called

acyl carrier protein A.C.P. = This protein which hes since been studied in

extracts of &6015.37:58439 and a\moado3 1 has a molecular weight of 9,505. i

has the same active prosthstic grouping as Coenzyme A (see belew) visz the

Thy . T
4! phosphopantetheine and in the protein this is bound to & Serine residne’ b, J6D

in the peptide chain,
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Stucture of Coenzvme A

"he biosynthesis of unsaturated fatiy acids has been shown to
procead via two distinet pathways, '"Phese pathweys are not competitive in
any respect, indeed -t;hey are believed to be mtually exclusive sines no 1:|v1nrr
system has been dlscovered that is capable of performing both,

These two pothways are referred to 2s either the asrobic or the
ancerchic depending on the requirement of the system for molecular ¢xygen as
an essential co-factor.

L0

The anaerobic pathway was first postulated by Bloch" who demonstrated

the Dbiosynthesis of unsaturated fatty acids in Clostridium butyrioum, an

obligate anesrche, This pathway appears to¢ be restricted to bacteria ‘of the

orders Iubacteriales and Pseudomonadales,

In C.butyricum and C.kluyval Bloch+0s+!s42

showed that laurig and
myristic acids were converted only to long chain saturated acids whilst octancio

and decamsic aclds were converted to 9-hexadecenolc acid and 1l-ectadecenoic
acid and to 7-hexadecenoic acid and 9-octadecenoic acid respectively.

To account for this the following pathway was postulatedf.lha .




Malonyl Cel

acotate (5 oTongatinns ) } sctanonate (1)
+ Co A 2

octanocate HeTonys Cok 3 3 kstodecansate (2)
3 ketodsoanoate Heduo th ee y 3 hydroxydecanoate (3)
3 hydroxydecanoate Dehydrase > cis 3 decenoate (&)

. + 3Co N s

cis 3 decencate TaTonyl Gok ) cis 9 hexadscencate (5)
cis 9 exadecencate Ma1:n§'?. TSk > cis 11 octadecencate (6)

This demends that the pathway for the synthesis of saturated fatty
acids may branch at the hydroxy stage of the Cg - Cyp levels but no higher and
that the division occurs at the dehydration step with the formation of the gis 3
acid yielding a final unsaturated product; instead of the trans 2 acid which is
the intermediate for the satureted fatty acid pathway.

Finally the scheme demands that the subsequent elongation of the
unsaturated acid thus formed occurs by the addition of 02 units at the carboxyl
end without reduction or isomsrisation of the double bond.

Amongst evidence which established this as the correct sequence was

LV

the identification by O'Leary of small amounts (1% or less) of cis 3 decenoic,

cis 5 dodecencic and cis 7 tetradecenoic acids in several lactobacilli end
streptococeci., Similar evidence of intermediates in the identical sequence
beginning at decanoic acid has also been obtainedu".

Evidence for the retention of the gis deuble bond during the extension
of the chain by C, units st the carboxyl end was obtained by Baronowski et a1%?
who demonstrated the conwversion of (lmc)s-cis 3-decenoic acid into cis 9-

hexadecenoic acid end cis lleoctadecencic acid with né evidence of any saturated

acids being formed at all,
The key reaction of the sequence, viz the py dehydratiocn of the 3

hydroxy acid to yield the cis 3 monoenoic acid (reaction (4) above), was provided

25

by Lennarz et al™~ who showed that a partially purified fatty acid synthetase




from E celi, which produces a large amount of cis 11-octadecencic zeid, would

furnish the gis 3 acid from 3 hydroxydecanoyl CoA. Norris et a.:l.z*J6

on further
pu'rif'ication of this enzyme showed that it was specific for the D—p-hydm;cyu
decanoyl thicester, |

The mechenism of the anserobic pathway has thus been largely elucidated
and the factors which govern the position of the double bond in the final.
product can easily be seen.

Tlhe anaerobic pathway however is confined to some bacteris and is not
of major importance in nature generally, By far the more important pathway in
the production of unsaturated fatty aclds is the direct desaturation or aerobic
pathway, This pathway ocours across the whole range of living systems .fr;g)m
the protozot and bacteria to the higher animals,

40

Farly studies' indica‘ed that monounsaturated fatty acids could be

formed b:y direct deseturation of a long cl2in precursor. This was proved by

111-7

Blooafield and Bloch'' who showed that cell Tice cxbtracts of the yeast

Saccharomyces cerevisiae could convert palmitate to palmitoleate wvia its

ce-engyme A thiolester, Direcct desaturstion of stearate to oleate in y=ast

has bsen demonstrated in the seme way by Bloch*!,

153,49,50’

Direct asrobic desaturations have been observed in animals

735175k 0353955 ana o1 gae356

}:va.rri;sr:i.a.l‘L .« Although some of the more‘

56

primative photosynthetic elgae e.g. chlorella wulearis” are able to produce

g
oleate from directly added stearate, the higher plants sre not. J&tmesﬁ.’7
showad that even chain length acids of 14 carbon atoms or less would yié‘ld.

acroblcally but not anaerobically oleic acid and linoleie ascids in the isola-hed

icaves of the caslor plant Ricinis communis, whereas neither palmitate n}:r
stearateware converted at all though they were incorporated into lipld,s showdag
that the CoA thiolester knd been formed, In the same work he showed that ths
formation of cleate was an asrobic process and that oleats could also be

converted directly to liroleate in these leaf systems, On the hasis of these




58

and other corroborative results in barley seedlings”  and in the ice plant

Carpobrotus chilen§g59 & separate plant pathway was postulated., James and

Harrisso showed the conversion of steariec acid to oleic acid in plant leaves.
If the stearic acid was allowed to be built up first from ecetate in a
non-photosynthetic environment i.s. anaerobically in the dark, then on allpwing
photosynthesis to begln, the conversion to oleic acid was observed. Thus it
was chown indirectly thet the higher plants had the ability to desaturate étearate
forme.d. from acetate but were not able to desaturate added stearic acid. This
d.esat'uration pathwey in higher plants was proved to bs the same as the aerobic
vathway by Nagal and Blochél who demonstrated the conversion of stearoyl-S-ACP |
to oleate in sgpinach leaf chloroplasts, Thus it would seem thet the inabiélity
to desaturate palmitate and stearate or their coenzyme A derivatives is simply
due tc the fact that these systems lack the acyl transferase enzymes capabig of
cohver-[-ing stearoyl-3-CoA to stearoyl-S-AlP,

When the green alga Chlorella wulgards was incubated with stearic acid
it readdily desoturated it to oleiz and linoleic acidéz. This is also a |
differenve betwsen plant systems and other living systems. Plants tend to |
undergo a sequence of desaturations to yleld trienes by direct desaturation,

The formation of polyenolc acids will be discussed later in more detail, |

Tharefore, from the above result, it was clear that Chlorella vulearis dce?.ts

possess the acyl fx'ar;sf’er&ses nece ssary to convert the acyl-S~Cold to the
corresponding acyl-3-ACP. However, when James, Harris and Befza::‘ds3 oarr;‘;ﬁ{l

out the incubations in the presence of sterculic acid 8-(2-octyl—l—_gﬂ_]_.9_propenyl)
octanoic acid, ths system behaved as if it was following the plant patmvay i.e,
stearate was incorporated into lipids tut was not desaturated althoﬁgh the tuild
up of oleate from acetate was unaffected., Clearly the sterculic acid inhibli.'i'.‘?r'n
was acting on the acyl transferase enzymes, which convert the stearoyl-coenzyme .
thiolester to the stearoyl ACP thiclester. This work is further evidence tha+

the true substrate for desaturation in the plant kingdom is the ACP thiolestarg




A
S‘tumpfjl ard Blo*::h61 have shown the presence of similer proteins in higher plants

and leaf chloroplasts.
. The mercbic desaturation process was found to require either the
reducéd form of nicotiremide adenine dimucleotide (NADH) or the m@ced form of
ricotinamide adenine dimicleotide phosphate (NADPH) and has an absolute reéuire—-
ment for molecular oxygenlﬂ.

The precise role of the oxygen and the reduced pyridine mecleotides
is not clear at the. momsnt and further investigation awaits the fractiohati;on
and purification of the enzyms system.

With molecular oxygen being an essential cofactor and the fact that
the artiricial electron acceptors methylene blue or phenazine methosulplete
do not substitute for oxygenh'? nekes a flavoprotein linked dehydrogensze
mechaoisu unlikely, |

Tha requirement for NADPH 2nd owygen along with the insensitivity cof
L7

the rsaction to cyanide’ would sseuw Yo favour aan cxygenase reaction, This
woull involvs the formation ¢f a hydroxy intermadiate which on subsequeni
dehydeation, would give the required monoceie,

This theory has the advantage that faity acids possessing an

oxyzensdted function are quive common. Some examples are shown below:w

Iriviel name Structurs
9(10) hydroxy stearic CH, (CH2)8 CROH( (:1{2)7 cood
ricinoleic Cly (CHZ) CHOH CH, CH = CH -(CH2)7 COCH
densipolic CH,CH,CH = CH (CI12)2 CHOH CH,, CH = CH - (CH2)7 COOH
: 0
9 - of =
9,10 epoxystearic CH, (CH2)7 - CH (cH2)7 COOH
0
TR f -
vernolic CHy (0112)1P [ - CH CH, CH = CH - (CH2)7 COOH
0
rar CH, (CH,), CH=CHC cix/\CHCH) c
coronaric ; (CH,), CH = H, - CH( 2)7 OOH



Trivial name : Structure

‘ A ' ,
15,16 spoaylinolets CH,CH, CH CH CH, CH = CH - CH, CH = CH - (CH,), COOK
9-ketostearic CH3( CH2)8 (i‘.t (GH2)7 COOH
' 0

Studying the stxuctures of the above naturally ceccurring oxygensted
acids the dehydrase theory is very attractive.
6l

James et al @ having discovered large amounts of 10 hydroxy steariec
acid in faecal 1ipids of persons who suffered from steatorrhea and showed that
faecal 1ipids could convert stearate to 10 hydroxystearate suggested that this
might be an intermediate in the formation of oleic acid, ‘

49

Marsh and James =~ demonstrated that wo significant amount of oleate was

produced from 9 or 10 hydroxystearate substrate by either fractionated rat j,iver
preparations or cell free yeast ‘systems. Sipilar results were obtaired whén

the Ccd thiolesters ef the hydroxy acids were used showing that it was not an

activation barrier that was opéraiing in the case of the hydroxy acids,

Thus they concluded that the hyuolbegsis of an hydroxyintermediate in-
{the biosynthesis of oléate from stearate was only feasible if it was assumed
that this intermediate was irreversibly bound to the enzyms. This reservétion
is the same as has been postulated in the case of the biosyntﬁesis of 1ongt"ch:a.in
fatty ecids from malonyl COASE.

Feto acids have been suggested as pussible intermediates in the
biosynthesis of unsaturated fatiy acidsss, buf 9 ketostearate was not conﬁerted
.to oleate either in a yeast or a liver .?grfst-.eml‘t ’67.

Other oxygenated species that were found to be incapable of conversion
to oleate were the phosphate esto of 10 hydroxystearate, 9,10 dihydroxystearsic,
49,67 68

9,10 cis epoxystearate and stearolic acid™ .
Ia the face of this evidence Light et a152 suggested that the

desaturation of saturated fatty acids ocours by the direct abstraction of hydrogcen

- 10 -




evoms from the saturated chaln by oxygen acting as an electron acceptor without

at any time entering into covalent linkage with the carbon atom of the acid,
Shrospfer and Bloch69 produced evidence as to the stersospecificity

of the desaturation when they incubated all four stersospecifically 1abellf;:d

monotritiated stearic acids prepared from the enantiomorphic 9—hydrdxystea£ates

énd. 10-hydroxystearates with growing cultures of Corynebacierium diphtheria.fe_.

The- oleic acid formed in each casa was isolated and there waé fou:nd
to b complete losa of tritium in the 9D and 10D tritiostearic acids md re‘i:en‘aion
in the case of the 9-L ard 10-L tritiostearic acids. Thus it appears that the
removal of the hydrogens at the 9 and 10 carbon atoms is stereospecific in t;he
Jormation of oleate from stearate, the D hydrogens being removed at each pos;tion.

Furthermore the presence of a substantial kinetic isotope effect on the
mamoval of the hydrogen atom at the (9 position and not at Cl0 suggested fba§ the
removal was not synchronous but stepwise with the initlal removal of the hydi;ogen
at 03 baing the rate limiting step.

Alshough 'Ehis work established the absclute configuré.tion of the hy'd.rogens
rsuoved in the desaburaticn, it 4id not solve thz mechanism by which they were
removed or the conformation cf the suvbetrabte moleculs at the active site. The
rosilis méy be interproted by suggesting a ¢is abstraction, a substitution j\g;:ﬁ_,thl
ratention of configuration followed by 2 cis abstraction or a substitution with
inversion followed by a trans elimination, The substitutions of, for exam‘g_ﬂj_e s
;Jg'droxy groups would have to ocour with the substrate irreversibly bound to the
ensyime but these results do not preclude this es a possibility, indeed the " gtepwise
nechanisn suggested by fhe Ikinetic isotope studies is in favour of this as tha
wechanism in this system,

The mechanism and sterecchemistry of desaturation was &lso investigated

70

by Morris et al' ™ in the green alge Chlorelie wulparis,

This organism forms not only monoene by direct dassaturalion of the

saturated precursor but also by a series of sequential desscbturations forms a disns

- 11 -




ard also a triens. In the case of stearic acid the desaturation products are
oleic acid, linoleic acid and g linclenic acid respectively. |

By the synthesis of racemic gxythro and threo -~ 9,10 dideutero stearate,

eyythro and threo 12,13, dideutero olsate and erythro and threo 15,16 didsutero
70 '

oleate, Morris et al’® were able to show in all three cases that the hydrogen
atoms i‘emovecl were of the ¢is relative configuration since the erythro substrate
lost ‘both deuterium atoms from one erantiomer and none from the other. The
j_i}_gg_q substrate lost half the deuterium from each enantiomer, Removal of frans
rather than ois hydrogens weuld have given the opposite results.

By synthesis of D= and L-9 tritie stearic acid and D- and L-12 tri‘?io
stoaric acid these workers were also able to show tha-t the D kydrogens are the
ones removed in desaturation at these centres,

It may be reasonably assumed that the hydrogens removed in formatio.n
of the 15,16 double bond of linolenic acid are also of the D confisuration
although this has not jei: been actuzlly proved. All three desaturations we:ire
completely stereospecific and all the same as the desaturation of stearate {,o
cleate in bacteri&Gg, goat mammary glandn, hen '.L:“.ver-f2 and fish liver?j . ‘

The results of Morris et al with the dsuterated substrates indicated
o suhstantial kinetic Agontops effsct against deuterium in the formetion of all
throe double bonds and for the stearale to oleate desaturation at least this
oiffact had to apply at beth positions of the putative doudbls bond. This flresul’t
71

which was observed also in animal systems'™ suggests a simltansous concertcd

rpmovel of the hydrogen atoms rather than the stepwise process as suggested by

Shroepfer and Bloch as a result of their work in the bacterial sjstem. .
Aercbic desaturation %s not confined to the formation of one double

tond per chain, All animals, plants and micro organisms with the exception of

!
the Psrudomonadales, Eubacteriales and Actinomycetales are able fo form poly-

Bege 721-: ?5; 76. |

unsaturated fatty acids

These polyunsaturated fatty acids are different in animal and plant




systems, Although the position of the first double bond in both kingdoms is
almost exclusively in the 9-10 positien, the pesition of the other double bonds
differs according to the systenm.

In the plant kingdom successive desaturations are carried out towards
the methyl end of the molecule except in & few isolated cé.ses. Animal systems,
oh the other hand, can only introduce bonds between an existing one and ths
carboxyl end of the moleculs, It is because of this that animels require dietary
linoleic and linclenic acids, particularly the former, since only from these can
they produce the essential polyenoic acids théy require for ide2l membrane funciion
and l?rosta.glandin s_ynthesis 8.8. arachidenic acid by elongation coupled with
su.cce; ssive desaturations towards the carbdscyl end of the molecule,

In animal systems there are essentially thres series of polyencic acids.
The W9 series, which is the only cne they can synthesise de nove (e.g. 5, &,

11-20 ; 3) end the WG series (o.g8. 5, 8, 11, 14~20 ¢ &) and the W3 geries
(ego &, 7, 10, 13, 16, 19-22 : 6), Tor *he W3 and W6 series animals require
dietary linoleate or limolenate as starters. Planbs generally protuce cleate,
lirnleate and g linolemate as their chorasteristic unsaturated acids although
sows animal type products have been isolated fren plants, Arvachidenic acid

77

has heen demonstrated in mosses and forns

78 79

Onzgraceas’ = and Boraginaceas

s ¥ linolenic Iin seceds of the

80 and fruit79 of

and stearidenic in the seeds
various genexs of the Boraginaceae.

Fxee fatty acids are not usvally found in living systems in any large
smount, indeed they bind readily to many proteins and are potent enzyme irnhibitors.
Yhey exist, usually bound as esters, to the trihydric alcohol glycorol.

When fatty acids are stored as energy reserves in depot fats or as
inoulation, they are bound up as triglycerides I.
?HQ 0COR
CH OCOR'

CH2 OCOR"

13w




R, R' R" are fatty acyl groups and mey be similar or different,
Where the lipids havg' a more physiolegical function their structure
is more complex. Examples and structurss of these complex lipids are as

follows:

I phospholipnids

R.COO G\Hz
R'.CO0 CH
3
0H2 0-P~-0B
H

R and R' are fatiy acyl groups.

B 1s an organic base or polyhydroxy compound and depending on this group

then thoe phospholipids are named as belew.

B = -CH, CH, zt' (CH3)3 51{ 3 - phosphetidyl choline (P,C.)

B = CH, CH, N§, 3 - phosphatidyl ethanolamine (P.E.)
B = serine 3 - phosphatidyl serine (P.S.)

B = inositol 3 = pkosphatidyl iresitel (P.I.)

B = glycerol 3 - phosphatidyl glycerol (P.G.)

Glxco 1lipids

R.COG CH2

R'.CO0 CH
CH2 0 G. |

G is a ocarhohydrate unit, which is either galactose, or & dimer of
galactose usually, though other residues ars possible, The lipids are denoted
as MGDG monogalactesyl diglycerids or DGDG digalactesyl diglycerids.

It is in these more complex lipids that the fatty acids that have
beon freshly syntlesised or desaturated are first found te accumlate. In
animel systems they ars found in the phospholipids especially in lecithin (PC).

In some plent systems aci':ively synthesised fatty acids are found first in PC,
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PG end MGDG. Nichels and Ja.me381 studied the tims sequence of uptake of

i

label from ~ C-acetate into the individual fatty acids of the separate 1ipid

classes of Chlorella wvulparis 2nd showed that uptake end turnover of Jabel was -
most rapid in PC, PG and MGDG. Ffom thelr results they concluded that all
these three lipid classes were "carriers" of stearic acid while PG and MGDG
fanction for myristic, palmitic and palmitoleic acids. Both oleic and 1ipoleio
acid appeared to pass through PC, PG and MGDG and the high turnover rates |
suggested that the acyl 1ipid is behaving Iin & panner similar to that expegted
for = true intermediate in the fattiy scid synthetic seguence, This could .be
achieved in one of thfee ways, either with the acyl 1ipid acting as a transport
agent moving the acid to the enzyme or the lipid could act as the true substrate
for desaturation or that the peols of acid in the synthetic sequence are enly
connected via the acyl lipid, |

The close iﬁvolvement of lipid in the desaturation steps of fatiy
201d biosynthesis is further inlicsted by the observed tendenoy > for the
freshly desatureted acyl groups to appear at the second position of the 1ipid,

Gurr James and Ro’b.’msona3 demonstrated in Ghlurella wlgaris chloroplast

preparatiens that 2-oleoyl phosphatidyl choline was as good a precursor fo;'
desaturation as oleyoyl CoA thloester and that the resulting linoleate was
bound exclusively to the 2 position of the same 1ipid class (i.e. PC). fAs
& result of this they conoluded that either the acyl group was transferrad
¢ireotly from the lipid to the desaturase and immediately returned in a -
desaturation-acylation cycle er that the lipid itself is the actual aub“strate
for desaturation, They intend to distinguish between these two possibilities
by the use of ths oleyl ether amnalrgue of lecithin which is isosteric with ths
natural ester lirked 1ipid but which will not be affected by acyl transferases.
Although the vast majority of double bonds that cccur in natural
fatty acids have the cis configuration, some fatty aclds having itrens bonds
have been found, Little is krown of ths blosynthesis of trans acids except

)
for the vwork of Nichols et al&" on trans  3~-hexadecenoic acid.
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Those workers found that this acid was derived from palmitic zold by

a direct oxygen requiring dehydrogenation. However unlike the usual gis 9-10
acid formetion this process also required light, Although the formation of
soma cis aoiﬁs in photosynthetic systems is increased by the presence of
:1ight 6.2, o linolenic acid, they are in fact synthesised to a marked degree
in the absence of light. Thus the sbsolute requirsment of irxans 3 |
'hsxadacenoie acid formation for light is unique in these systems.

' There also appears to be & close lipid involvement in the formation of

this acid since Nichois et al&”

showed that it was present only in phosphéatidyl.
glycerol, Furthermore Haverkete and Van Deenen85 showed in spinach that t‘his
écid was present oniy in the 2 position of PG with usually ¢ linolenic acid in
the 1 position, :

As mentioned earlier, a main feature of the common polyunsaturated écids in
hoth plants aud enimals is their methylene interrupted sequence of double Sbonds.
fhe brosynthetic control giving rise to this structure is as yet unknown egnd
although the vast majority of polyunsaturated acids havs this arrangemen‘t; of
bords, some 40 acids are known which exhibit conjugationss. |

All these acids are found in the plant kingdom and have sighteen carbon
atom chains, The majority of these acids have two or three unsaturated
centres which may be either cis or trans, A table of these acids is shown

below,.

- Tahle T, . Naturally occurring conjugebed fatty acids

Caxbon éh&in Position and
length conf,of bonds

Trivial name Source (Seed) Ref.

18 8¢, 10t, 12¢ jacario Jacaranda a7
mimosifolisn

18 8¢, 10t, 12¢ calendic Calendula £
officinalls

18 9¢, 11t, 13e punicis Punicum B
granatum

18 9¢, 1it, 13t a~-eleosteario Aleurites fordll g9

18 9t, 11%, 13¢ catalpic Catalpa ovata 940

18 9a, 1la, 1l7c bolekie Onguekoa ecoxe 91

18 9c, 122, liec . dehydrocrepenynic Afzeldle cosnensls 92,37
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a = acetylenic, ¢ = c¢is, t = trans
Although the biosynthesis of these acids is unknown, there have been
severel speculative pathways put forward *8* 93,9k One of tha most interesting

is dus to Gunstonegh

who suggested that the precursor of these acids is linoleic
acid and that conjugation ocours via hydroxylation or epoxidation and
rearrangement followed by dehydration. This is illustrated below for the

case of g-eleostearic acid (fig.I). This hypothesis has the adventage that

its intermediates are knowm naturally occurring materials and that oxygehated

functions are common amongst this class of material,

Tigz.I Proposed biosynthetic route to g~eleostearic acid

&is 9 cis 12 octadecadiencic ~———>12 : 13 epoxy cis 9 octadecenoic

(1inoleic) (vernolic)

13 hydroxy cis 9, trans 1l octadecadiencic

(¢ artesmic)

cis 9, trans 11, cis 13 octadscatrienoic

(puntoic)

eis 9, trans 11, trans 13 octadecatriencic

(¢ eleosteario)

gpblev' Naturally occurring conjugated ethylenic hydrovy fatty acids

Nanme Trivial Name Source (Seed Raf,
9 hydroxy trans 10 dimorphecolic Dimorphotheca simats o5

trans 12 octadecadiencic

- 13 hydroxy ¢is 9 trans artemesic Corieria nepalensis 96
11 octadscadiencic

9 hydroxy trans 10

. !
ois 12 ootadsoadienoic Calsndula officinalis Sl

Some fatty acids which ccour nsturally, contain acetylenic bonds both

! . e.. 2
in conjugated 8. 92,37 end methylere interrupted arrengements with ethylenic

: Y- 4% 8
bonds® 8 9997 pyiroar?® posturatea tiat acetylenic bonds were formed by
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the further deseturation of olefinic acids ard Bohlmann &nd Schulzi°t hav

)
demonstrated that linoleic ueld is comverted to srepenynic acid (ootadec-9en-12

yroic acid) in Chrysanthemm flosculosum and Coreopsis lanceolata,
10

Haigh Morris and James 2 showed in Crepis ruha that crepenynic acid

was not formed from linolelc acid but from oleic acid in a reaction requiring

oxygen. It was thus shown that in this plant system Bu'lLock's proposed
pethway was not in operation although the usual reservations about linoleate being
an irreversibly enzyme bound intermediaste must be considered.
Although acetylenic bonds, conjugated bonds and trans double bonds
do exist in naturally ocourring fatty acids, by far the most common arrangement
is of c¢ig double bonds and where more than one bord occurs in a chain, for them
+o be methyleme intermpted.
A general picture c;f the blosynthetlc relationships between thess acj.ds

1s shown below in Fig.II.
trans A3 16 : 1
Aa)

acetate 4+ malonate —ee———316 ¢ O $18 : 0
| (1) - (1)
(103)
(103)
16 : LA09
N
16 : 1A7 ‘
(105)
J 16 :

i/
16 2&7’ 10

~ 18 3 2 cis A9 12yre 7 (62)
Known pathway (Crepenynic ) , (9%)
/
/ .

18 ;3 9 ¢is 11t 13t
(o elesostearic) ‘

Fig IT Defined blosynthetic pathways in plants.
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From what has been said before, it is clear that many of the problems
surrounding the direct aerobic pathway for the ﬂiosynthe sis of unsarl:t.tr&vl'.ealf
fatty ecids have been solved. The enzyme system responsible has been shown
to be firmly particle bound to the chloroplasts in plant systems and to the
endoplasnmic recticulum of animals, The substrates for the enzyms activity
have been shown to be the coenzyme A thicester in some systems and the A.C.P.
thicester in others. 1In 21l systems NADH and oxygen are necessai';} cofactors.

The mechanism end steraochemistry of the hydrogen removal has been.
elucidated in soms systems and the final produbts of the reactibn i.e. the
unsaturated fatty acids have been isolated from many sources and mich kilowledge
has been geinsd by examining their structure particularly the positions of f_the
double bonds. The close involvement of certain 1lipid classes with the progess
of asrobic desaturation has also been observed, both in the chloroplests ofl
plants apd the microsomes of animals, Despite all this there remains many..
unanswered problems about the process and mich work has still to be done qnd
the fact that the enzymes are particle bound an& resistent to fmctionatidn
makes direct investigations difficult, |

Cne of the questions that remains uranswered is what are the faqtors

which govern the position of the bonds in the chain in aerobic desaturation?
For example, why is the first doubls bord introduced in the position that it is
and what governs the position of the subsequent double bonds in the c2se of
polyunsaturated fatty acids?

It was therefore of interest to synthesise unmatural fatty acids‘t and
study the position and degree of the subsequent desaturatlon, if any, and
‘hence attempt to elucidate the factors which influence the positional

specificity of the desaturation,

It 1s aleng these lines that this thesis is directed.
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SECTION 1

Chemical synthesis of Radiolabelled

Fatty acids for use as substrates,




Introduction

-, Synthesis of fatty acids is necessary for both confirming the _structure
of naturally occurring fatty acids and for the vaoductlon of unnatural fatty
acids to elucidate their physical, chemical and ‘biolegical pmpertie 8,.--

- The literature on the synthesis of these compounds is far too vast for

the :'sgope of this thesis and dates back to 1871 when Lioben et a1l prepared

all the n-saturated acids from acetic to ‘heptanoic by chain extension from

mthanozl, and in the same year Krafft 104D starting from naturally occﬁrx;ing :

stearic acid by degradation prepared all the n-saturated acids fronm 09 18‘
The topic has been the mb,]ect of many reviews among which the ones hy

105 W. J. Gensler 106 and K. Markaley 07 are the better

F. D. Gunstone,
presented and most comprehensive, These cover the synthesis of all the claé;;ses
of fatty acids i.e. saturated, unsaturated end substituted fatty acids.
Since most of the interest in general, and ef this thesis in particqliga.r,
is the synthesis and bioleglcal properties of unsaturated fatty acids it is - 1
intended to 1imit the rest of this introduction to the methods whereby unsaﬁqi'ated
fatty acids ef the correct chain length, having unsaturation of the require;é'}
configuration and in the right position can be synthesised. Briefly the giethods
pf‘ synthesis fa2ll into two broad classifications. |

_0"

The first is the preparatlon of fatty acids from other fatty acidg or

c],_osely related compounds, The second is by the build up of the molecule from

spaller units - de nove synthesis. Usually where the former method can be used

it':provides & more convenient synthesis.,



1. Synthesis of unsatureted fatty acids from closely related compounds

(1) Reactions involving no change in chain length

These reactions usuallir involve either elimination from a. substituted
acid or partial‘ reduction of‘ an acetylanic or polyunsaturated acid. Methods
which fall into the former cate gory are the dehydretion of hydroxy acids, i‘l:he
‘dehydmhalogenation of halo acids and the dehalogenation of halo compqunds.

In the case of dehydration the position of the hydroxy group affects
the product. q,-Hydszy acids have a tendsncy to undergo several pyrolyti?
dehydratiohs to yield aldehydes or éyclic lactides in preference to the .
ap~unsaturated aci_d',aoa

p;-Hyaroxy acids on the other hand do dehydrate to yleld the gp-unsaturated

109, 110, 111

acid in preference to other products. Where the af-unsaturated

compound is structurally impossible as in the dehydration of ethyl 3-kwdrox§;',
2,2 direthylbutyrate 2 with phosphorus pentoxide the py-olefin is producezad.
With the hydroxy group in the 3 or 4 position the reactions undergohe
are much ﬁom those of the lactons, 15 As a rule beyond the &4 posi.@;lion
the yield of monoenoic acid over lactone,formed increases as the hydroxy é;'oup
becomes more removed from the carboxyl group, |
The presence of an isolated double bond does not influence the

1k and other workers 115,116 all found that rici;noleio

Il

acid gives a mixture of 9,11 and 9,12 dienes. Baudart 117 a1s0 showed that a

dehydration and Fokin

terminal olefin could be prepared by dehydration.,
‘The main agent used for dehydration is gyrolysis through phosp_homs
pentoxide; +thionyl chloride and phosphorus oxychloride are also used.i_
Dihydroxy aclids dehydrate to give dienoic acids as above, but vicinzl
dihydroxy aclids yield only the conjugated acids e.g. 9, 10-dihydroxy sfeario

acid yields only 8,10 octadecadienoic acid.

Dehydrohalogenation of a halo compound is another common method of

introducing a double bond into a chain, The most common reagents used to effect



the dehydrohalogenation ere dry alcohelic solutions of alkeli hydroxides 118. .

The absence ¢f water in these reactions mekes the system less ionic and thus
favours elimination over meleophilic substitution.ng. |
These demdréhald'g‘enations take piace without rearrangement of the

1Bl Lrvekpite the

. carbon skeletons }20 coand thé;lélilﬁli.'né.tibh is _‘Em_r';t:iwa}ys.
sterecspecificity of the eliminatioﬁ ‘mechanism both ¢is and E.I.'E’:.l’lé olefins are
produced by this method,

Other non pelar dehydrohalogenating agents are pyridine and collidine.

Also more recently the heterocyclic bases DBU (1,5-diazabicyclo (5.4.0) undac-
5-ene) and DBN (1,5 diazabicyclo (4.3.0) non-5-ene) are being used. 122, 125

Once again with 2 and 3 halo cempounds the products are largely specific
yielding the af-unseturated species 2 , but when the halogen is mid chain a
mixture of products is c:‘:rl:a.:f.ned'125 . With vicinal dihalides, however,
acetylenes are formed along with the conjugeted dienes. This is especially.
noticeable with D.B.N. and D.B,U. where the acetylene is the major product. ie2

Dehalogenation can be used also to form fatty acids from vicinal diwl:.'hs,
" The most common agent is nascent hydrogen generated by metal-zcid or meta].?;-'

2

alcohol 700m'binations. Another method is the Finklestein reactionlz?,
where the di-halo comp.ound 1s refluxed with dry sodium iodide in acetone * This
depends on the faot that the vicinal dijodide is not stable for steric rézasons
and loses iodine spontanecusly to yield the olefin, |

The other class of reactions for generating olefinic acids of given bond
pesition involves partial reduction. The initial materials may be eitheii‘:

polyencic fatiy acids or acetylenic fatty acids, Reduction of polyencic "‘a)c."".ds
forms a mixture of products but these can often be separated by thin-layer

chromatography. 129

One of the most selective methods of reduction is wi'i:h
hydrazine 130 « Since this is considered later no more will be said here.
The other method of reduction of synthstic importance is the partial

reduction of acetylenss. This is especially so since many of the de novo
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syntheses involve acetylenic couplings. This reduction may be achieved ej.ther
catalytically or chemically, Its most lmportant feature is control over 1‘,the

stersochemistry of the olefin formed. Chemical reducing agents that have been
used are zinc and hydrochloric acid con’-:ainiﬁg acetic acid and tiftanous chlevide

131

©  reduced stearolic acid to oleic acid, and
13- ; o .

' with whish Robinson and Robinson
sodium in iilq;id ammonia whicfx ﬁdﬁon and Davis used te pr‘;;iﬁic-:e jm— o
5-octencic acid from 5-octynoic acid.
By far the most common and useful methods for partial reduction of
acetylenes are the catalytic reductions. Half hydrogenation over Raney nickel
has been extensively used but the literature varies as to its usefulness.

Adkins and Billice 155 13

and Walborsky et al are among many workers who
found it successful, Palladium is the most used reagent in the reduction of
acetylenes to ¢is olefins, The difficulty with this is that there is a te:;dency
for the reaction to contime to give alkanoic acids if the hydrogen is not .
limited.

. In an attempt to stop the reaction at the olefinlc stage and improve

the stereospecificity Lindlar 135,

136 developed a catalyst of palladium in the
form of a 5% suspension on calcium carbonate which was poi.soned. with lead ;;nzi
quinoline. More recently the reproducibility of this catalyst has been

impreved by Cram and Hallinger 137

who used pure synthetic quinoline to poison
palladium in the form of a 10% suspension on barium sulphate, This has the

advantage of stopping at the olefin stags and yielding the pure cis isomer.

(11) Reactions involving degradation by ons or two carbon atoms

The first degradation of fatty acids was the pyrolysis of the barium

200D, This is now only of historical interest. The Hofmann degrada;i:ion}j&)ﬁw}

séit.
h%s' also been used.

: Alkanoic acids may be degraded by o bromination UC po110wed by
hydrolysis te the a hydroxy compound. This is then cleaved with potassium

permanganate 14l or lead tetraacetats 12 . This method or any method involving




double bond cleavage is not easily applicable to alkencic acids unless the
unsaturated function has been protected befcre the cleavage.

For unsaturated acids the most generally used method is the

w3 Uk

Using this, Nevenzel and Howton

have successfully degraded oleic; limoleic, and a and y linolenic soigs, W5

- Hansdiecker silver salt degradation,

A more convenient method for degradation is the Cristol and Fii'th

146,147 of the Hﬁnsdied{er reaction, This involves the use of

modif'ication
mercuric oxide, removing the need to prepare a metal salt of the acid.
Alkenoic aclids have been successfully degraded W using this method,

(1i1) Extension of the chain by one or two carbon atoms

The most uwsual methods for extending the carbon chain by one carbon

atom are the treatment of the alkenyl halide,n7 mesylate, 19 or p-toluene
sulphonate, 150 with potassium cyanide in either aqueous alcoho].lBl‘ or dimethyl
sulphoxide , 02 |

Another method for extension of the chain by one carben atom 1s to

treat the alkenyl magnesium halide or other organometallic compound with carbon

dioxide }55’ 154 Both these reactions are useful in the ﬁrep&ration of
1sotopically labelled fatty acids e.g. 155,

Another very useful homologation reaction is the Arndt-Eistert
s;y'n‘che.s:':.sﬂ's6 . This synthesis involves the preparation of the diazoketqna
which undergoes a Wolff rearrm:gem\ent with the loss of nitrogen to give the
homologous product. This is useful in cases where molecules are complex 4;:>r
sensitive to reducing agent s=157 and has been used by Karrer and K'.oen:i.g:"58
to prepare the 019 end 020 homologues of linoleic acid.

Severel methods exist for extending chains by two carbon atoms, among
the most useful of which is the treatment of the Crignard reagent with ethylens
oxide }59 Ancther much used extension reaction 1s the reaction of malonic ester

with alkenyl halides. 160

Both the Doebner reaction 161 and the Reformatsky reaction 162
have been used to produce unsaturated fatty acids, but these are not so commonly

used,
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II Build up of the moliecules from smaller units

1. Chain extension by larger units

(1) Alkenolc acids can be elongated by five or six carbon atems at a
time by the use of the enamine ef cyclopentanone er cyclohexanons on the
acid chloridel63 | R

There are several other methods of chain extension by feur, five

or six carbon atoms and thase are comprehensively dealt with in tabular ferm

16

in P, D. Gunstene's most recent book .

(ii) Coupling with acetylenic compounds

The most widely used reaction for the synthesis of alkenoic acids is

coupling with acetylenic comprunds 165 ‘,  Indeed it is the most useful roﬁte
to some of the polyunsaturated fafty acids especially the methylene interrupted
naturally occurring ones. An example of the usefulness of acetylenes as
intermediates is the syntheses of the essential fatty acids linoleic and
arachidonic by R. T. Holman 166,

The useﬂxlneés of acetylenes stems from their ability to form altkali
metal and Grignard derivatives which allows them to be coupled with alkyl
halides, carbonyl compounds, carbon dioxide etc. and thus build up long __éliphatio
chains with mltiple bonding at known positions, | :

Since acetylenes can be semi hydrogenated to glve exclusively cis

167,

or trans olefins 168, the ability to tailer fatty acids is ccmplete.

Much initiel work in this field was done by .;khmad and Strong who
- Pirst realised the potential of this route when they prepared 6 hendecexnoie
ac1a9 and wont on o use it to prepare many other monoenoic fatty acids 170:,

(4i1i) The Wittig Reaction

The Wittig reaction i has been a well used route to olefins for

many years, The drawback to ifs use in the fatty acid field has been the fact
“that in normel non polar solvent systems e.g, benzene, the ylid reacts with the

carbonyl compound to form & irans eolefin,




More recently however Russian chemists l?z’quave shown that by using

more pelar solvents (e.g, dimethyl formamide or Lewis bases e.g, the jodide ion),
the cis olefin can be produced., This renders the reaction of much more use in

the synthesis of fatty acids. Examples ef the use of this reaction are the

., syntheses of vis 8 hexadecemoic acid, gis 7 ocatadecencic acid and cig 11

_ eicossnoic. . Purthermore this reaction has been used in the synthesis of the

very important naturally occurring methylens interrupted acids e » The

Wittig reaction can also be used to prepare conjugated olefins and the synthesis

175

of g eleostearic acid is an example.
(iv) Kolbé electrolytic synthesis

The mixed Kolbé electrolytic synthesis using a carboxylic acid and
the half ester of & dicorboxylic acid yields a mixture of products among which
is a monocarboxylic fatty ester (see page 41).

Because the separation of this mixture is sasy the method ims been
used for the synthesis of many and diverse fatty acids despite only mederats
yields of about 3(%.

The reaction is usually carried out in glass vessels between platinum

176

eleotrodes '« The reactants are dissolved in methanol with enough sodium

177 178

methoxide added to allow ionisation . An excellent review " of this
reaction has been published and only its application to the synthesis ef
unsatﬁrate& fatty acids will be considered here,

The presence of a substituent in the o position or unsaturation either

aP or Py to the acid carbonyl group will inhibit the reactisn . s
180 1
maleic , fumaric 18 or miconic half esters 182 will not undergo the

reaction., irans g pihydromuconic helf ester will not undergo the reactien
though protection of the double bond with a dihydroxy function will enable the
reaction to proceed 183 . Terminal double bonds do not affect the reaction
and both 7-octenoie acid 18 and 10-undecenoic acid‘ws have been prepared

186
although thare is some evidence * that polymerisation occurs at the electrodes
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to some extent during electrolysis,
Apart from the above restrictions this method is perfectly satisfactory

and has been used in the 'syntm:éis of nervonic acid 187 anil behenolic aciq. 188
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In his review of the chemical synthesis of fatty acids 105

Gunstone
divides his dis..ctlzssion‘into the following separate headings: Mathodé inv&lving
no change in ;haih length; chain extenSion; methods involving chain deg:%a.dat ion;
the modification of existing fatty acids; '!:1_-19 isclation of fatty acids fzfom
natursl materials and de novc synthesis, In preparing the precursers necéssaxy

for the blechemical .studies which form the real point of this thesis, use has

been made of all of these methods to some extent. In mest cases, becsuse of

the need to provide thess acids labelled, a chain extension step has been
nece ssary 'anywéy.

The two most usual ways of labelling fatty acids are either to treat

the alkyl or alkenyl magnesium halide with “‘CO{}M'H- to react the mesylate 19
189 190 N - N
the tosylate or halide with K" "CN. Both methods have been used

successfully with both saturated and unsaturated fatty acidsmg’ml

For
convenience the method used throughout this work was that of labelledlpotasslium
cyanide, | -
Tosts with unlabelled potassium cyanide showed that the use of diméthyl
sulphoxide (DMSO) at 9000' 152 gave a cleaner reaction yielding fewer by-ﬁ;;'e;d:ucts
and higher yields than more conventional solvents 8,8, 8quecus alcohol 1-?3- .
Conversions hé.ve been shown in the literature using potassium‘-;janide

192

150 s 152 . %8 '
with p-toluene sulphonates s 8lkyl chlorides =~ , brom:.d_ss and lodides
A1l four of these have been used in the course of these synthesés. |
With D.M.S.0. as solvent it wes unnscessary in the ocase of alkenyl

bromides t0 use cupreus cyanide in place of the alkali cyanide, This wag feurd

193

by Celmar and Solomons to improve the yield in the case of aqueous ai_cohol.

Siii_.:mila.rly the slightly acid medium with copper powder in T.H.F. as used by
| 194 | |

B;thma,n and Viehe was alsc not used.
Nevertheless the labelling step did give difficulty and yields generalliy
were low, It 13 not easy to account for the low yields since in all cases the

reactions were homogensous and 2 considerable excess of alkyl halide was used,
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consistently ga.ve almost quantitative yields. o _ |
_ Two ma;or impunties arose from the 1abelling step.  The first was

a very polar material whir'h did not migrate from the origin on T.L .C. when

even quite polar dsveloping solvents were .useq. and the second was a slightgly

less poler (by T.L.C.) compound than the first, These materials gave no mass

spot on the plate when the reaction was tried with unlabelled potassium cyanid.e.‘
Hence it was conoluded that they were artefacts of the radio preparation alore, -

| | | i
It is not unknown that radio cyanide may react differently from ordinary cyanide® 93

These materials were isolated and attempts were made to identify.them.
This identification was made very difficult by the mimte mass present <1pg.
The only hope was to characterise them by T.L.C. against known compounds, | The
poss.ibility of them being amides arising by some combination with moisture
present, isonitriles, or isocyanates was discounted by virtue of a complete
resistance to either acidic or basic hydrolysis, Free acid occurring by |
hydrolysis was discounted by the fact that it did not respond to treatment with
diszomethane, It is possible that some formoxy derivative has been forn_éd, but
in the absence of further material only speculatien can be made. '

It was a2 simple matter to isolate the pure ester after methanolysis,
. 80 apart from the loss of yield these artefacts were not g serious handicap.

(1) Methods requiring no change in chain length,

Methods used requiring no change in chain length for the sake of this

and trial reactions on the same scale bizf with unlabelled potessium oyanide
thesis merge into the heading of modification of existing fatty acids. Two

_ , ‘
such syntheses were carried out. The first was the partial reduction of (1:L C)- |

linoleic acid to give (111.,.0) cis 12 octadecenocic acia 30

elaidinisation of (lul'c)- aleic acid to give (111"0)- elaidic acid 196 .

The reagent used for the partial reduction of methyl (1140 )= linoleate
was hydrazine hydrate, This reaction was chosen since it does mot alter the

position or geometricel configuration of the residual bonds. " 197,198

and the second was ths
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This reduction is effected by the unstable di-imide intermediate I
which is formed by autoxidation. The whole reaction proceeds according;‘to

. . 1 :
the following equations 99

- HN-NH, + 30, ——3 HO0 + EN = NH

I
F ,;H\\ I - .
HE P4 N ’ I"I
HN = NH 4+ (b y ﬁ ¢-H - N+ -9-3.
N\ . K -H H H
. N \\H/ I J

Variation of reaction time, temperature, solvent and volume of
available oxygen allows control of the reaction and hence permits a maximum
yileld of monoens to be formed,

The solvent used in this case was methanol, faster reaction is brought
about with aﬁetonitrile as solvent with pure oxygen bubbling through. Since the
prime requirement of this reaction was selsctivity for partial reductibn‘advantage
was gained by use of the slower solvent system, TFor the same reason the; bubbling
of oxygen was substituted by agitation with a wrist action shaker. The-
temperature used was 60°C. This combinatien of conditions was tried and found
to give the optimum rate of reduction {about two hours),

The reaction wes followed by injecting samples on to the R.G.L.C. 200
Here disappearance of the diene peaic was observed &3 monoene and satursted peeks
grew. By experience it has been shown that the optimum yield for this ;‘eacfion
is about LO% monoene. This state remeins for a while as diene is furtl?er
converted to monoens 2nd monoene converted to saturated but no grester build up
of monoene is achieved.

When this state was atteined the reaction was quenched by adding
dilute acid to destroy the excess reagent,

The four products from this reaciion were separated by the method of

201
Morris, Wharry and Hammond, . This consisted of T.L.C. separation on silica
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impregnated witho?po% silver nitrate developed three times in toluene at - 2500.
The low temperature is used to give greater stability to the bond complex ef the
unseturated centre with the silver and hence achieve better separatisn than at
room temperature. Since benzene which is the best solvent at room temperature
is solid at this temperature, toluene is used.

This method gave R, values as shown below:-

£
Substance Ry
18 : 0 0_.56
18 : 1412 0.53
18: 109 047
8:2 0.16

The methyl (lMC) cis 12 octadscenoate was thus isolated and purified.

111*0 cis 12 octadecenoic eacid was prepared from this by hydrolysls in the usual

wey (see page 45).

The second preparation that requires no elongatlon and is in fact‘the
modification of an existing compound was the preparation of (1”*0)- elaidic
acid, The method used in this conversion was Griffiths and Hilditch's
‘elaidinisstion with the oxides of nitrogen 96 . f
. The nitrogen oxides are generated by the interaction of 6M nityic
acid with 2M sodium nitrite, These oxides do not produce a complete isémeris—-
ation tut set ﬁp an equilibrium consisting of zbout 6% ef the Xrans isoper
irrespective of which isomer is psed as starting material, |

This definite ratio of 2 : 1 trens to cis suggests that the mechanism
of the reaction involves the attack of nitro and nitroso radicals en the
unsaturated centre follewed by the elimination of nitrogen trioxide in such a

. 202
way &4s to yield the observed ratio of the isomers. More recent work 0 has

suggested that the ratio is 3 ¢ 1 and this is more in line with the yields in

this experiment, Despite the incomplete conversion of oleate to elaidate the

ease of separation of these isomers by silver ion chromatography 2 makes the
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method satisfactory for the purposes of this thesis,

Recently, however, Gunstone et al have published a paper 203 :Ln which
they used selenium to effect a similar steromitation which gave a greater
percentage of the trans product. Less double bond migration was found if the
stercomtation was carried out by irradistion of the ester with ultra vioiet
light in the presence of diphenyl sulphide.

(i1) Methods using chain extension

The preparetion of (Zth) gis~l0-nonadecenoic acid, (2140) pentadecanoic
acid or (ch)—nonadscanoic acid are examples of the use Qf chain extensid:n to
prepare a required fatty acid.

Because of the difficulties of labelling compounds with radlo adtive
potassium cyanide advantage was taksn of using & commercially labelled acid,
The chain extension was effected for convenience by the reaction sequence i,
see page 43 . This was preferred on grounds of convenience to either the
Arndt-Eistert homologation or carbonation of the oleyl magnesium halide, the
latter being not very suitable for such & small scale,

In the elongation of the commercially labelled alkencic acids use
was made of oleic acid as a carrier., The function of the carrier is te |
provide & mass of acid large enough to allow the reagents te be used in %.
visible amount without being in toeo large an excess and to minimize the losses
during extractiens and transfers since the mass of the radicactive alkénéic
2cids was very small indeed, It follows from this that the msterial chosen
to act as & cerrier mist undergo the same reactions as the radioactive cbmpoun&
but at the end ef the reaction scheme mist be capable of isolation frem the
reqired radiocactive product,

In the case of alkanoic acids alkenoic acids are ideally suited to
act &8s carriers since they will undergo all the reactions of the carboxyl group

but can be easily separated from the saturated compound by silver ilon

chromatography.
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The following reactions were used not only during these chain extension
reactions (Scheme I page 43 ) but also prier to the labelling with radiocactive
potassium cyenide (Scheme III page 58 ).

Although lithium aluminium hydride has been used successfully to

204 205

reduce carboxylic acids the reduction of esters proceeds more readily :
and henceé the alcohols werse pmparedw‘fro-ﬁ: the ester. The ester was prepared
by the action of an excess"‘of an ethereal solution of diazomethane on the a(;id
in methanolic solution. The ecid was dissolved in rethanol in.érder to engure
methanol was present in the reaction solvent since Gellerman and Schlenk 206
showed that without methanol complete reaction could not be guaranteed.
Throughout this thesis whemfer an acid is methylated with diazemethane it is
done in methanolic solutien for this reason.

U9

Although Marcel and Holmah use me sylates as the immediate

precursors of the homologation step in these syntheses the p-toluene sulphénate
-has been used. This is because of the difficulty of dealing with Marcel and
Holmsn's procedure on such a smll scale and hecause the extent of conve_rsion of
- a fatty aleohol to its p-toluene sulphonate can be checked easily by T.L.C,j,‘_ on
silica, the tosylate being much less polar than the alcohol in 20% ether ix}
petrol ether for example, On the other hand mesylates behave very simila_%:j;y

to alcohols having similar R, values,  Hence it would be difficult to folicw
the conversion by T.L.C. '

The homologation with potassium cyarnide was performed in D.M.S,_O.
selution 152 for the same reasons as in the case of the labelling with ;:I'atdio-
active potassium cyanide, namely that it afforded better yields and fewg} reaction
products, l

Since in all cases following the preparation of the nitrile some
purification was necessary the ester was prepared directly from the nitrile.
This was done by treating the nitrile with. a 25% w/v solution of hydrogen

chloride ges in methanol 149 -,




After purification by either T.L,C. or G.L.C. or both, the acid was
obtained by hydrolysis of the ester with 5% potassium hydroxide in methanol.
After reaction the solution was acidified with concentrated hydrochloric acid

to avoid making the reaction solutien heterogencus,

Better yields of the acid were obtained this way, This was important

since all carriers had been removed by this stage and very smell masses of

material were being handled. Following the addition of ether, with the fatty
acid still in homogenous sclution, the acid and salts wers washed out with a

miniminm of water.

(iii) Preparation of compounds requiring a desgradation

Compounds that require & reduction in chein length fall intc two
categories, The former are those which were kindly donated by F. D. Gunstone
and I, A, Isffmail which were in fact of the correct chain length but required
de gradation prior to labelling.

The latter category is represented by (l:u"C )-cis heptadecencate which
is in itself a degradation product of oleic acid but in order to be labelléd hag
to undergo two degradations. | |

Despite the papers of Howton, Davis and Nevenzel Y U5 pyop difficulty

207

was encountered with the Hunsdieker silver salt degradation Although it

had been saccessfully used in triel reactions and heptadscyl bromids had besn
prepared in 75% yield from stearic acid, with threo dibromo octadecancic acids
great difficulty was encountered in the obtaining of a pure dry sample of the

silver salt, When some of the salt was preparsd rnone of the desired reaction
products could be isolated.

Difficulty in performing the Hunsdiecker resction with unsatureted
compounds has been confirmed by other workers. Cc:rlyma found difficuj.ty in

!
applying the reaction to unsaturated acids and only obtained reasonable yields
when performming the resaction at low temperature., Furckawa et al 209 could

only obtain yields of 3% of liberated carbon dioxide in their work with
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unsaturated acids,

Attempts were made to substitute the lead salt for the silver salt
by refluxing the threo dibromo alkanoic acid with lead tetraacetate in
acetic acid., On removal of the acetic acid by vecuum distillation and
refluxing with bromine in carbon tetrachloride a yield of 10% of the
required tribrome éompound was obtained.

The best resulfs however were obtained using the Cristol and Firth
modification of the Hunsdiecker technique 1'2'6’11"7. This reection is

postulated to proceed according to the following equation:

2R COOH + HgO 4 2 Bry———p 2R Br + HgBr, + HO + 200,

By observatioﬁ of identical yiélds of exo and endo products from
both the silver salt method and this method M& common intermediate RCOOX
was postulated (X = halogen). Despite this evidence the mercuric salt
when prepared separately did not give good yields >10 and in the case of
glutaric acid the reaction did not give the usual product expected from a
metal salt viz v butyrolactane,

The more probable explanation of ths reaction mechanism is that
the mercuric oxide glves a positive halogen species 21l which reacts with

the acid to give the acyl hypohalite,

This reaction has the advantage over the silver salt technique that.
it does not require the-isolation of the metal salt and since water is
produced as a by-product, strictly anhydrous conditions are not required.

The reaction had to be done in the dark to minimize polybromination
tut despite mﬁch care some polybromination was observed,

This amounted to about 20% of the total yield and it was isolated
as & slightly more polar compound on T.L.C. and identified as tetra and vzia
bromo alkene by mass spectrometry ( sce page 62 ).

The sbove procedure wes slightly modified in the case of the

compounds being degraded prior to a labelling step, Because of the small
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amount of selvent that had to be used stirring was very diffiocult and some
agitati;:n of the slurry was essential for reaction, If a wrist ao#ion shaker
was used refluxing was difficult but after several test reactions the beét
yields were obtained using & wrist action 5haker and prolenging the

reaction time to 72 hours., In the case of these compounds the vicinal bromine
atoms were removed using zinc dust in ethanol ,

In the preparation of (IMG)- cis 8 heptadecencic acid from oleic
acid a double degradation had to be used, Some difficulty was observed in
proceeding from the alkyl halide to the cerboxylic acid to begin the second
degradation.

Following the removal of the vicinal bromine atoms by zinec in .

ei;has.nolzl2

attempts were made to convert the alkenyl bromide to the alcohél
with caustic potash., This was not successful since aqueous 2lkali gave an
heterogenous reaction mixture and methanolic 2lkeli favoured elimination,

Two methods that were more successful both required the alkenyl
ilcdide as starting material, This was convenlently prepared froml the
1,7,8 tribromoheptadecane by refluxing with anhydrous sodium iodide in dry
acetone, The vicinal bromine atoms were removed by a Finklestein reaction 128
whilst & substitution of iodine for bromine was effected at the 1 position,
| The cis 8 heptadecenyl iodide thus prepared was first conveﬁed
to cis 8 heptadecanoic acid by the reaction of Jchnson and Peiter213. This

uses DMSO &s an oxidising agent. With sodium bicarbonate present as a proton

acceptor the aldehyde is prepared by heating the iodide with DMSO at 150°C

under dry nitrogen., The reaction is thought to go via the following mechanism;-

H
>
CHy i \L o,
RCHO + (CH3)2 S+ H 4%

The acid was prepared by oxidation of the aldehyde with chromium

2
trioxide in acetic acid ,
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Although this reaction worked well the preparation was finally
achieved by converting the alkenyl iodide to the acetatse with potessium agetate
in acetic acid .

The acetate thus formed was hydrolysed to give the fatty alcohol whish
was oxidised to the alechol with chromium trioxide in acetie ac,i;lzm.

The oxidation syste:{ ';va;u;e_a‘ in order to leave the double bond
unaffected.

Because the double bond is in the centrs of th_e chain with very similar
groups to either side in all these compounds, the .dipole change on s{t}étcﬁiﬁg"'
the double bond is verj small and therefore the infra red peak at .1658cm'1
is very weak, N.M.R. was found to be much more useful in determining the
structurs of compounds during this sequence of reactions (Scheme II‘p&ge 52 ).
The mid chain double bond gave a characteristic triplet at 4.77230 whilst the
threo dibromo compounds gave a doublet at 5.8°F for the protons on the same
carbon atoms as the bromine atoms. A terminal bromine atom gave a triplet
at 6,77 whilst the methoxy group of an ester gave a singlet at 6.37 . The

peaks identified from these spectra are listed below for completion,

Peak Maltiplicity Assignment
variabls O singlet ‘acid proton
b7 triplet cis - CH=CH -
5.8 doublet - CHBr~CHBr -
6.3 singlet ester OCHE
6.7 triplet me thyle ne~CH,Br
7.7 triplet methylens group q
to carbonyl
8.7 broad band -~ methylene protons -
9,1 triplet -terminal methyl

Infra red spectrophotometry was used to demonstrate the presence or
absence of carbonyl pesks for example before and after the decarboxylatioﬁ

reactions and for identification of the primery hydroxyl group in cis 8
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heptadecensl (page56 ).
A'l.'though the preparation of -(1]',"'0)-o3'.s 8 heptadecenoio acid is a
.1ong one the fzct that the startlng naterial (elelo aoid) is zead:Lly ava:.lable
and that the mass of final product required is sma.ll Scheme III is a perfeotly
sata.sfactory route for the purpose. | o |

Isolatlon of f’atty ac:Lds from natural wateriels

Many of the fatty acids used both ct-mmercially and 1n the 1a.bor&tory
arz not synthesised chemioally but are extracted from natural mater:.als,
amongst the commonest be:.ng :E‘lsh oils end seed oils. .

In the cese of la.belled acids the par't ioular living system has to be |
grown with a suitable radioaot:l.ve precursor. Th:.s oan be carbon dioxide
(usually in the form of sodium bicarbonate in solut:.on), aoetate or in the
case of the two preoursors synthesised here, the saturateci fatty acid of tha
séme chain length. | _

The oompounds prepared were (lu’C) o:.s-9-heptadeoenoio aoid and.

(1 C) cis—9-nonad.eoenoic acid, | ‘

From work dons which is dealt with in otlér parts of this thesis it

was known that the yehst Torulopsis apicola would ooﬁverp (111*0) heptadecanoic
 acid into (11""‘0) ois-9=heptadeceroic acid in about 70% yield. Apart fmm the
residual (1]‘!*0 )-heptedscanoic acid there were no other radioactive a.cids
produced by th:.s systen, It only requred the separat:.on of the product
from all-the other acids present to obta::.n a pure sample.

The emount of time consumed and the yield obtained compares very
favourably with any of the de novo chemical syntlhétio routes. fhe yeost
1

was grown with (1 C)-heptadecanon.c acid ex. Amerslﬁm, in its nutrient medium
and incubated at room temperature f'or six hours. The lipids were then
extracted with chloroform-methanol (2 : 1, v/v) end washed with physiological

saline to remove the protein material, The lipids were transmethylefed to

yield the methyl esters of the fatty acids,
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The required (111"0) ¢is-9-heptadecenoic acid was isolated by preparative
T.L,C. on 10% silver nitrate impregnated silica 123 t6 remove all but the
monoenoic fatty acids, The monocenoic fatty acids were then fractionated into
their respective chain Jengths by preparative ¢.L.C. on F,F.A.P. at 230°C.
This yielded the methyl (11)"0) gis-9-heptadecencate chemically andg redio-
chemically pure. Aikaline hydrolysis in the normal way yieldéd rth:e' required
acid,

(1140) cis-9-Nonadecenoic acid was also prepared biologicelly,  The
yeast used in the previous preparations did not give a good enough yield to be
considered, Two systems which would give a moderately good conversion {about

30%) from nonaddecanoic acid were the green alga Chlsrella vulgaris or a

microsomal preparation from hen liver,

0f the two the liver system gave a more specific reaction. The alga
being a whole cell system, and a photosynthetic one at that, gzave radioga.étive
dienes as well as mich breakdown and resynthesis,

The hen liver microsomal system, as the yeast in the previous preparation,
gave only (1”*0) gis-9-nonadecenoic acid as & radioactive produst which |
therefore, apart from the unconverted (111*0) nonadecanoic acid, was thg only
radioactive compound present, |

(1140) Nonadecanoic acid was synthesised by the action of ll"C potassium
cyanide on octadecesmyl p-tolusne sulphonate in DMSO as in Scheme I (pége h5 ).
This acid was dispersed in bovine serum albumin for better absorptiogi into the

system and inocubated for six hours at 37°G with a microsomal preparation from

a2 hen liver suspended in phosphate buffer with the required cofactors added.

After the incubation the lipids were extracted, transmethylated and the pnre

nethyl (1-1'&'0) tis-9-nonadscenoate isolated in a manner similar to the methyl
(l-u"C) cis-9-heptadecencate before (see page 39 ).

Bond positions were checked in both cases by oxidative cleavage accordlng
to the method of von Rudloff 21.7 The radicactive dicarboxylic acids were |

identified by R.G.L.C.




Synthesis of fatty acids from smaller chain length materials

Only one fatty acid was synthesised from mich smaller chain length
métérial.. This was (111"0) 18-nonadecenocic acid, |

Due to the fact that this was required lsbelled the initial target
f‘or‘ synthedis was l17-octadecencate. The msthod éhosen wé,s a Ko_lbe'.- eleétrolytic

178 Other possible methods were those used by F. D. Gunstone; and
163

synthesis.
I. 4, ishmail Howeve.r in this case, bearing in mind that the starting
meterial l0-urdecenoic acid was readily avaeilable, that me1':hy.'!. hydrogen azelate
is easily prepared and that only & smll amount (50 mg) was required, the Kolbe
routs seemed the most conveniernt,

The Kolt€ electrolysis is an anodic oxidation of a mixture ef two acids. .
For the synthesis of the estef of a fatty acid one of the two initial a;:ids
mst be the half ester of a dicarboxylic scid?ls, J
From the reaction of a monocarboxylic acid (R.COOH) end s dicafboxylic

half ester (HOOC-K'-COOCH;), three prodicts were obtained as shown belew:-

R.COOH + HOOC.RT. Co0CH, —R-RY COOCH, I
+
R - R II
11
CH,00C.R".R".C00CH, 11

The amount of product III can be minimised by the use of a four molar
219

excess of the monobasic acid R.COOH

The isolation of the pure product I can be easily achieved by silicic

acid column chromatography using ethe r-petroleum ether mixtures.
Thus the Kclbé synthesis is 2 route to many and diverse fatty acidsl87’ 18?
In the case in guestion, lO0~undecenoic acid was used in éxcess of methyl
hydrogen azelate in sufficient methanol to give & 10% w/v solution. 5% of the
total acids were neutralised with sodium metal to produce some ions to caviy the
current, The electrodes used were 2.5 om square platimum folls, 1 mm apari,

between which was 120 volts D,C, In this particular preparation polymeric

material (probably due to the terminal olefin) was elso generated and periodically
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Synthesis of fatty acids from smailer chein length materisls

Only one Fatty acld was synthesised from mich smaller chain iengj:h
mhteribl, This was (111"(3,) 18-nonadecenoic acid. |

Due to the fact that this was required labelled the initial target
for synthesis was 17-octadscenocate, The method chosen was a Kolbé elec#mlytic

178 Other possible methods wers those used by F, D, Gunstone i_md

syntlesis,
I. A, Is;(ma11163. However in this case, tearing in mind that the sterting
material 10-urdécenoic acid was readily available, that methyl hydrogen éfzel&te
is easily prepared and that only & smll amount (50 mg) was required, the Kolbe
route seemed the most convenient, |

The Kolbd electrolysis is &n anodic oxidation of a mixture ¢f two acids.
Flor the synthesis of the ester of a fatty acid one of the two initial aci:ds
mist be the half ester of a dicarboxylic acidzls.‘

From the resction of a momocarboxylic acid (R.COOH) and a dicarboxylic

half ester (HOOC-R'-CO0CH,), three produots were obtained as shown belew:r

R.COOH + HOOC.R™. CO0CH, —>R-g* COOCH, I
+

R - R I
+

c;}13c>m:.Rl.Rl.coocH3 TIT

The amount of product III can be minimised by the use of a fou;; molar

21
excess of the monobasic acid R.CO0H .9

The isolation of the pure product I can be easily achieved by silicic

acid column chromatography using ethe r~petroleum ether mixtures.
Thus the Kclbé synthesis is & route to many and diverse fatty acidsw?’ 18?
In .the case in Question, 10-undecenoic acid was used in éxc%eas of methyl
hydrogen azelate in sufficient methanol to give & 10% w/v solution.! % of the
total acids were neutralised with sodium metal to produce some ions to caviy the
current, The electrodes used were 2,5 om square platimum foils, 1 mm aparh,

between which was 120 volts D.C. In this particular preparation polymeric

material (probably due to the terminal olefin) was also gererated end periodically
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the electrodes had to bs cleaned and the current reversed.

It is important during the Kolbé reaction that the tempersture be kept

below 50°C }78 This was achieved by the use of cooling coils around the

|
|
electrodes, Mixing of the solution is adequately carried out by the escaping
carbon dioxide bubbles.
The methyl hydrogen azealate was prepared by the reaction of dimethyl

azelate with one equivalent of potassium hydroxide in methenol, This gave &

mixture of the diester, the Mlf ester and the diacid. The required half ester

was isolated by column chromatogrephy on silica eluted with chloroform-methanol \
wixturas.
|
|
|
|
|
|
|
|
|
|




FXPERIMENTAL

I Preparation of substances by elongation of commerciaily labelled materia?.

X, Synthosis of pikg pen‘tadecanoic acid

Reaction Scheme I

CH,N,in . LiALH, . %
R.COOH ot hor 'RCOOCHz) in ary Py oy 4 | RGHZOH
p. toluene
sulphonyl
chloride
» KCN in * -_
RCH,CN TR e CH,
HC1
in
methanol
L \ #*
RCH20000H3 r i RGH2000H :
R = CHy(CH, ), s = g

(1) Esterificstion of the 80id with diagomethane 200

0Oleic aoid {25 mgm) was mixed wi*gh(l“"C)myristic acid (lOOpc;.
15.4 mc/mM). The oleic was aoting as "carrier" to provide a mass of acid
large enough to allow the reagents to be used in a visible amount withoﬁt
being in too large excess and to minimiSe losses during extractions an%i
transfers., ;

The acids were dissolved in methanol (0.2 ml,) and an ethereal

solution of diazomethane added until the solution remained yellow. The

solution was allowed to stand for 15 minutes and then the excess diazomgthane

and solvents were removed 8t the pump to yield the corresponding esters in
quantitative yield.

The diazomethans was prepared by placing ether (30 mls) amd 40%

aqueous potassium hydroxide solution (30 mls) in a 100 ml round bottom flask.
N nitroso methyl urea (4 g) was tlen added to the flask and the ekhereal
solution of diazomethane which was formed was distilled off into an ice cold .

receiving flask.




This method for the préparation of diagomethene was uged throughout

this thesis and wherever diagzomethane was used it was prepered as above,

(i1) Reduction of the esters to the alcohols 205

The methyl esters prepared in (i) above were dissolved in sodium
dried ether (5 mls) and refluxed for two hours with lithium aluminium hydride
(20 mgn). Water (5 mls) containing dilute hydrochloric acid (5 drops) wals

added cauticusly to dsstroy the excess lithium aluminjum hydride afﬁer the :
refluxing had been completed. The product was extracted into etler (10 mis)
which was washed acid free with 5 ml aliquots of water and finally dried by

azeotropic distillaetion with ethanol. '

A little of the product was examined by T.L.C. on O.é5 mm silica
plates run in 20% ether in petroleum ether, This showed no residual acid at
the origin or ester by comparison with suitable standards. The whole product
corresponded to the alcohol standard indicating a total conversion to the “

alcohol.

(ii1) Alcohol to p tolugne sulphonate 220

The alcohols were dissolved in pyridine (dried over potassium
hydroxide pellets) end to this solution was added p toluerne sulphonyl chlgride
(30 mgm). The mixture was allowed to stand overnight, '

The whole was then dissolved in ether (30 mls) and the pyridihe

washed out with dilute hydrochloric acid., The acid was destroyed and tge

. P toluere sulphonic acid washed out with dilute potassium hydroxide solution.
The whole was then washed to neutral pH with water and dried by azeotroﬁic
distillation with ethanol.

The product was checked at this stage by T.L.C. of an aliquot
on 0.25 mm silica plates, This showed about 90% con#ersion to the p taiuene
sulphonate and 10% to the alkyl chloride. No alcohols remained unreacted.

(iv) p_toluene sulphonate to nitrile.lag

The mixture of the p toluene sulphonate and alkyl chloride from

;
(iii) were dissolved in dimethyl sulphoxide (DMSO) (0.5 mls) dried by standing
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over caleinm hydride &nd redistilled under reduced pressure (BP 116°-118°C at

5 mm). Potassium cyanide (30 mgm) was dissolved in this solution and leated
1 .
at 90°C for 3 hours. 50 After cooling, the reaction mixture was dissolved

in ether (10 mls) and the DMSO and potassium salts washed out with successive
5 ml aliquots of water. The ether was then removed in vacue and the nitriles

dried by azeotropic distillation with ethanol,

(v) QMethanolysis of the nitrile. L

The nitriles wers converted directly into the methyl e_sters by' the
addition of 25% w/v hydrogen chloride in methenol (5 mls), The solution was
allowed to stand at room temperature overnight. Etber (20 nmls) was edded to
extract the esters and the scid washed away by successive aliquots of water.
The ether was removed at the pump and the esters dried by azeotropic
distillation with ethanol.

The radiochemical purity of the esters was tested by RGLC
on & PEGA column at 198°C. A1l the label was shown ta be in pentadecanoic
acid by comparison with standard material, T.L.C. on silica gel showed |
quantitative conversion to ester. b N

(vi) Isolation of the pure (2MC Jmethyl pentadecanoate,

(2MG)methyl pentadecanoate was separated from the carrler material,
now methyl ¢is 10 nonadecencate by preparative layer chromatogrephy. This
was achieved on 0,25 mm silica plates impregnated with 107 w/w silver nitrate.
The solvent system employed was 10% etter in petrol ether. The plate was
visualised by spraying with a methenolic solution of dichlorofluoroscein:and
viewed under U.V, li'ght. The band corresponding to the saturated esters wes
scraped off and the pure @Mc)mthyl pentadecernoate eluted from the silica
with ether.

(vii) Hydrolysis of the ester to give (1mc)pentadecanoic acid,

The ester was dissolved in 5% potassium hydroxide in methanol amd
the mixture refluxed for 30 mins, Then the solution was cooled and acidified

with concentrated hydrochloric acid (0.2 mls). The (111'"0) pentadecancic acid
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was extracted with 3 x 5 ml aliquots of ether., The etler extracts were

bulked ard washed acid free with water and dried by 'azeotropic distillation with

aliquot of this solution was counted by scintillation ine% P.P.0. in toluems
using a Packard Tri-carb scintillation spectrometer. The overall yield was
30.,3uc equivalent to 30.3%.

2. Synthesis cf (211"0) nonadecanoic acid from(lmc)stearic acid

This synthesis was achieved by an identical procedure to the one

Uy

used far (2" 'C)pentadecanoic acid deseribed above i.e, Reaction Scheme I (Page 43)

ethanol. The acid thus prepared was dissolved in dry benzene at - 8°c. An

R = CHB(CHZ)16-‘ The overall yield was 25,6uc equivalent to 25.6%.

3, Synthesis of(21‘,"'C)%___i__§ 10 nonadecenoic acid from (l:u"C) oleic acid,

This synthesis was also achieved by Reaction Scheme I (Page 43)
R = cﬂj(CHz).{, CH = CH(CI-12)7-. excopt that the carrier employed was palmitic
acid, The overall yisld was 20.luc equivalent to 20,1%.

Preparation of Substrates using & biclogical system to modify commercially

available labelled compounds.

(i) The preparaticn of 1%0)cis 9 heptadecencate from g margaric acid.
(lmc)margaric acid (50uc 14.8 mc/mM) was dispersed in water (5 mls)
to which had been added 1 drop of 10% sodium bicarbonate solution and 1 drop of

Tween 20, The final dispersion was achieved by sonication. This dispersion

was added Yo 20 mls of a culture of Torulopsis apicola (equivalent to 1 éram
of dry ¢ells) in the mutrient medium in which it was gm'wn (see Page 117; ).
This culture was then incubated at room temperature for 6 hours.
During this time the flask was shaken to improve aeration. At the end of
this period the lipids were extracted by the addition of 2:1 v/v chloroform
methanol (100 mls), This was allowed to stand overnight to ensare complete

extraction. 0.73% saline (25 mls) was then added to the mixture 260

.and
the organic layer remcved., The aqueocus layer was washed once with chloroform
(25 mls) and the orgenic layers bulked. The solvent was removed at the pump

and the lipid residue dried by azeotropic distillation with ethanol.
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The dry extracted lipids were then transmetiylated by refluxing with -
methanol~benzene~sulphuric acid (20:10:1) v/v/v. (20 mis) for 90 mimtes.

Etter (iOO mls) was added aftér cooling and the solution washed acid free with
water. The ether was then removed at the pump and driefi by azeotropic
distillation with et.hanol to yield the pure methyl esf:afé.

The esters were dissolved in dry ether and spread on to fwo 20 cm
x 20 em 0.25 mm silica plates imoregnated with silver nitrate (10%). These
plates were developed in 1% ethéf :1.n iaetrél. ether and visualised by spraying
with dichlorofluorescein aml observed under U,V. light, The monoenoic band
was isolated and the esters eluted from the silica with etler. The methyl (11’1"(})
&is 9 heptadscencate was separated from the monoenoic homologues by preperctive GLC
on an apiezon G column at 198°¢,

The (J.Mc)mettwl cis 9 heptadecencate was tested for radiochemical
purity by Radio GLC on PEGA &t 19800. It was found to be chemically and
radiochemically pure.

1% of the ester thus obtained was oxidised with potassium
permanganate potassium periodate according to won Rudloff's method. a7
After decolurisation with sulphur dioxide the half ester was extracted with
ether and the ethereal layer washed acid free with water, The etler wes

rermoved st the pump end the product dried by 2zeotropic distillation with

ethanol,

The half ester thus produced was dissolved in methanol (0.5 mls) 206
and an ethereal solution of diazomethane added until the solution remaired
yellow, After 5 mins the solvent and excess diagomethane were removed at
tle pump and the pure radiosctive diester obtained, By comparison with a
known standerd an RGLC at 198°C (PEGA) the diester was shown to be dimethyl
agelate,

The (lhc}m'ethyl gis 9 heptadecencate was dissolved in 5% methanolic
potassium hydroxide solution (5 mls) and yefluxed for 1 hour, After cooling

the solution was made acid with conc hydrochloric acid, The (11}*0) cis 9
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heptadecenoic acid was extracted with ether, washed acid free and dried &s
before, An aligquot of the acid was counted in.% P.P.0. toluene solution on
a Packard Tri-card scintillation spectrometer and the yield was found to be
35uc equivalent to & 70% yield.

The acid was dissolved in dry benzens and stored at -8%,

(ii) Preparation of(lu"c)g_i_.__s_ 9 nonadecenolc acid from @u*C)_nonadecanoic acid.

A Vbrren ken was sacrificed and its liver (39.6g) removed. The
liver was homogenised with 0.3M sucrose buffer pH7.h (120 mls) in a Potter
homogsniser, All operations were done in an ice bucket to keep the tissue

as cold as possible. The homogenate was centrifuged at 12,000 rpm for

15 mins. The mpefnatent was taken off and centrifuged at 30,000 rpm for
1 hour in an MSE4Q refrigerated centrifuge. The microsomal pellet was
separated from the particle free supernatent, The microsomes were stored
at -3000 urder nitrogen and the particle free supernatent at -8°C.

Microscmes {equivalent to 6g of the original liver) were suspended

in particls free supernatent (12 mls) 2t 4% by homogenising the system in a
Potter hand homogeniser, To this suspension was added the following
cofactors;. coenzyme A (0.6 mgm), NADH (4 mgm), NADPH (2 mgm), 0,1M ATP (0.8 mls)
0.5M phosphate tuffer pH7.L (2 mls) and a substrate suspension. The substrate
suspension was made up as follows (11“‘0‘ nonadecanoic acid (prepared P 60 )
(10uc 17.3 mo/mi) suspended on 0.lg/ml Bovine serum albumin (2.5 mls) to which
had been added 0,1M magnesium chloride solution (1.0 m1) and 0.5M phosphate
buffer pH 7.4 (1 ml).

After the addition of the substrate the incubation medium was
gassed with 70% oxygen in air for 1 mimute and then incubated for 6 hours at
3700 in & reciprocating water bath, At the end of the incubation perioed
the reaction was quenched by pcuring into 2:1 v/v chloroform-methanol (50mls)
and the mixture allowed to extract overnight, The precipitated mgterial wes
filtered off and ths lipids extracted and transmethylated as in the previous
experiment (page 46 ).
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The mixed methyl esters containing the (1:“*0) methyl cis 9
nonadecenoate were dissolved in ether (5 mls) and spread on to two 20 cm X
20 cm silica plates impregnated with 10% silver nitrate. These were run in
iﬁ% ‘e.ther in petrol ether and the moncene band isolated by visualisation with
dichlorofluoroscein and viewing under U.V, |
| The radiosctive (112+C) r.r:xethyl. cis 9 nohadecenoate was isolated by
an identicel procedure to that used for(lll'LC) cis 9 heptadecenoater_ (page 47 ).

217

Once again von Rudloff oxidation yielded dimethyl azelate as the only

radiocactive nroduct, Radio GLC on PEGA at 198°G showed the ester to be

chemically and radiochemically pure, After hydrolysis with 57 potassium
ﬁydroxide' in methanol as before (page 45 ) an aliquot was counted in.g P.P.O.
toluene solution. This showsd that there were 3.12uc equivalent to a 31.2%
vield,

The acid was dissolved in dry benzene and stored at -8°€C.

Preparation of substrates requiring chemical modification of commercially

labelled material.

(1) Preparation of (111;.0 Jeis 12 octadecenoic acid by reduction of(lll"c)
130

linoleic acid

(11!4.0) linoleic acid {100pc 5.91 mc/mM) was dissolved in dry methanol
(0.2 mls). Diazomethane in dfy ether was added until the solution remained
yellow., After allowing the solution to stand for 5 mins the excess
diazomethane and solvents were removed at the pump to yield QMC)methyl
linoleate in auantitative yleld, This ester was dissolved in dry methanol

(1 ml) and 607 w/w hydrazim hydrate (7.5u1) was added. The course of the
reaction was followsed by tle injection of Inl aliquots on to & RGLC containing

a FFAP golumn at 23000. After 2 hours the reaction was stopped by the
addition of water (5 mls) and dilute hydrochloric adid (1 ml). The products

were extracted with 3 x 5 ml aliquots of ether which were bulked and washed
gcid free with water., The ether was removed at the pump and the products

dried by azeotropic distillation with ethanol,
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The products were separated by preparative TLC on silica plates
impregnated with 30% silver nifrate and run in toluene at -30°¢ 201 | 7he
(11}"'8) methyl cis 12 ootadecencate was isolated from the plate by elution of the
silica band with ether after it had been identified by TLC scanning using the
Panax RTLS-~1, -
The (111"0) methyl c¢ig 12 octadecencate was dissolved in 5% potas.é:ium
hydroxide in methanol (5 mls) and refluxed for 30 mins, After cooling ard
acidification with conc. hydrochloric acid the product Wé.s extracted with |
3 x5 nls of ether, The ether extracts were bulked and washed acid free. with
water. The ether was removed at the pump and the product dried by azeotropic
distillation with ethanocl. 4 portion of the acid was checked for band

position by von Rudloff's oxidative cleavage 217

and contained only the
12 octadecenoic acid isomer, An aliquot was also counted by scintillatién :
counting inJg P.P.0. toluene solution and this indicated that 20uc had been
prepared equivalent to a yield of 20f.

A small quantity of the ester prior to hydrolysis was examined by
REL conteining a PEGA column at 198°C and was found to be chemically and |
radiochemically pure,

(ii) Preparation of (lmc)elaidic acid by isomerisation of oleic acid.

Oleic acid (50uc 40 mC/mM.) was mixed with stearic acid (50 mgm)
and dissolved in methanol {200ul). An ethereal solution of diazomethane
was added until the solution remained yellow., This solution was allowed to
stand for 15 mins and the excess diazomethane and solvents were removed at the
pump yielding the corresponding methyl esters in quantitative yield.

The methyl esters were then dissolved in dimethyl cellosolve. To
this solution was added 61\! nitrie acid (75u1) and 2N sodium nitrite (100ul).
The solution was then heated at 65°C for 1 hour. After cooling the products
were extracted with 3 x 20 mls of petrol ether. The petrol extracts wefe
bulked and washed acid free with 5 x 10 mls of water, The petrol was removed

at the pump and the products dried by azeotrople distillation with ethanol,
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A sample of the products was run on & 10% silver nitrate impregnated
silica plate in 15% ether in petroleum ether, The plate was scanned on the
Panax TLC scanner and the peaks corresponding to the two geometrical isomers
were observed. On spreying with chlorsulphonic acid and acetic acid and
charring, the carrier stearate was also observed having a greater Rf valueu
(0.61) than the trans isomer which in turn had a greater Rf value {0.55) than
the ols isower Rf = 0.48.

Two preparative plates were run exactly as above and the two
radioactive bands scraped off separately. The products wers eluted from the
silica with ether and the elaidate band was run again on a similar plate to
ensure all the stearate had been removed. The radiochemical purity of the
(110) methyl elaidate was tested on RGLC on FFAP at 230°C. It was found %o
contain no radiochemical impurities,

The(fuﬁﬂnwthyl elaidate was dissolved in 5% potassium hydroxide in
methanol (5 mls) and the solution refluxed for 30 mins., After cooling the
solution was made acid by the addition of concentrated hydrochloric acid and
tre product extracted with 3 x 5 ml aliquots of ether, The ethar extracts
were bulked and washed acid free with water, The ether was removed at the
pump and dried by azeotroping with ethanol. The pure acid thus prepared was
‘stored in benzene at -8°C.

An 2liquot was dissolved in. % PPO toluene and counted on the
Packard Scintillation counter. This showed 12uc (= 24% Radiochemical yield)
of (1#0) methyl elaidate to have been prepared.

IV Preparation of substrates requirine introduction of the labelled atom

A. Prepasration of the precursors to the labelling step.

1. c¢is 8 heptadecencic acid

This synthesis was achieved using reaction schems II.
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SCHEME II

CH, (01«12)7 CH = CH - (CH2)7 - COOH
BrZ/CTG
CH, (CH2)7 CI:H - T‘H - (CH2)7 - COCH
Br Br
ri?g/arz/cm*c
CH, (cH, ), rl:H - TP - (CH2)7 Br + CO,

Br Br
Na I/Acetone
v
CH, (CH2)7 CH = CH - (CH2)7 I
KOAC/HOAC
v
CH, (CH2)7 CH = CH (CH2)7 - 0 COCH,
KOH/McOH
v

CH, (0}12)7 CH = CH (CH2)7 OH
croz/HOAG

A4
CH, (CHZ).? CH = CH - (CH,), COOH

(a) Addition of bromine to oleic acid

Oleic acid (20g) was dissolved in carbon tetrachloride, dried over
calcium ohloride and redistilled BP 76 - 77°C, (200 mls). Bromine (1llg) was
similarly dissolved in carbon tetrachloride (200 mls). The oleic acid
solution was stirred magnetically and cooled in an ice bath, The bromine
solution was then added slowly over a period of two hours and the solution
stirred overnight, Activated animal charcoal (5g) was then added and the
stirring discontimied. After 3 hours the charcoal was filtéred off leaving
a colourless solution, The carbon tetrachloride was distilled off under
vacuun to yleld threo 9,10 dibromooctadecancic acid (32.1g) equivalent to a

yield of 99.6%.

The infra red spectrum of the product was determined s a thin film

between sodium chloride plates on & Perkin Elmer 625 infra red spectrophotometer.

Ma jor péaks were as shown below:-
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Product Starting Material

Broad OH (acid) 3000 - 3500 om ™ 3000 - 3500 om T
Carbonyl 1715 ot 1715 on '
- CHy- 2950 cnt 2950 om™>

1 due to the cis olefin was véry difficuit

The weak peak at 1653 cm
to observe but was visible in the case of the oleic acid but not in the product,
The N.M,R spectrum.was obtained from & Perkin Elmer 60 mcs instrument with TM,S

es standard equal to 10%. The spectrum of the starting material was also

determined,
Product
Peak (7 ) Maltiplicity = = Assignment No. of Protons
- 3.6 Singlet acid proton 1 (STD)
5.8 Doublet ~ CHBr- CHBy- .2
7.5 = 9.1 Multiplst CHB— 3 CH, 31 |

Starting material

peak {79 Multiplicity Assignment No. of Protons
- 3.6 Singlet acid proton 1 (sTD)
4,7 Triplet - CH=CH - 2
7.5 = 9.1 Multiplet CHy ;3 CH, 31

(b) Decarboxylation of threo 9,10 dibromooctadebanoic acid

threo 9,10 Dibromooctadecancic acid (BOgj was dissolved in dry,
redistilled carbon tetrachloride (100 mls). To +his was added red mercuric
oxide (15g). |

This mixture was slurried by the use of a magnetic stirrer., The
whole was then set under reflux in the absence of light and bromine (11.2g)
in dry, redistilled, carbon tetrachloride {50 mls) was added dropwise over the
period of 1 hour., Finally the fefluxing was contimed for 4 hours. The
excess browine was removed by the addition of sodiu_m bisulphite and the yelloﬁ
mercuric bromide and mercuric oxide were filtered off, The organic layer was
iselated énd washed several times with water and finally dried by azeotropic

distillation with ethanol,
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A little of this crude product was run on a 0,25 mm layer in
30% ether in petroleum ether with formic acid (1 m1) added., The product was
mich less polar (Rf 0.9) than the starting acid (Rf 0.15) and appeared in
good yield.

The pure product, 1,8,9, tribromoheptadecane wasg isolated by
column chromatography on Davison silica gel and eluted with 107 in
petroleum ether. The producst wes & white, low melting solid (28.3g)
equivalent to & yield of 8% based on the acid starting material,

Elemental analysis showed ¢ = 42,12, H = 6.73, Br = 56.30.
1,8,9 tribromoheptadecane requires C =42.72, H = 6,91, Br = 50.37.

infra red data on & Perkin Elwer 625 showed the absence of the

broad bonded-oH at 2500 - 3500 cm T

and the loss of the acid carbonyl peak
at 1715 on

NMR showed the loss of the acid proton at ~ 3,67,

peak () Multiplicity Assignment Integration
Br Br 2
5.8 Doublet - CH - OF - (sTD)
6.8 Triplet - CH, Br 2
8.0 - 9.2 Maltiplet | CH, - CH, - %

(¢) Finklestein Reaction of 1,8,9 tribromoheptadecane

1,8,9 tribromcheptadecané (25g) was refluxed in a 4% solution
of dried sodium iodide in dry acetore (100 mls) for six hours. The solution
was then filtered and added to a2 solution of sodium thiosulphate in water,
The product was isolated by ether extraction and the bulked ether layers
washed with water., TFinally the solution was dried by standing over an-
hydrous sodium sulphate.
1

Infra red spectroscopy showad the presence of a weak band at 1658cm

due to cis unsaturation. N.M.R. in carbon tetrachloride was also performed
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peak (7} Multiplicity Assignment Integration

4.7 Triplet -~ CH=CH - 2

The product was & viscous, clear liqid (12.6g) equivalent to &

yield of 67%.

(d} Preparation of X, ({cis B@nyl acetate from the alkyl iodide

- 1 Iodo cis 8 heptadecene (12.5g) was dissolved in glacial ecetic
acid (10 mls) and refluxed for 2% hourg with freshly fused, firely ground
potassium acetate (5g). The reaction mixture was dissolved in diethyl ether
(100 mls) and weshed free of scid with water, The ether solution was dried
over an hydrous sodium sulphate, The product was obtained pure by.column
chromatography on Davison silica gel, The eluting solvent being 107 ether
in petroleum ethsr, '

I.R. spectroscopy showed an ester peak at 1740 cm'l and a weak

peak at 1658 cm-l indlcating the retention of the cis double band. This was

confirmed by the following N.M.R. data,

peak (7 ) Maltiplicity Assignment No, of Protons
L.7 Triplet - CH=CH - 2
6.8 Triplet -CH, -0 2

Tok = 941 Maltiplet i, CHy, Of, 32

The product was a colourless oil (5.0g) equivalent to a yield of

Loy

(e) Hydrolysis of the ester

1, cis 8 heptadecenyl acetate (5.0g) was dissolved in %7 methanolic
potassium hydroxide for 1f hours. At the end of this period the solution was
made acid by the addition of concentrated hydrochloric acid, The product was

extracted into e.ther. The ethereal layer was washed acid free with water and

finally dried with ethanol, This yielded 3.85g. equivalent to & yleld of 91%

of a colourlsss liquid,
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The infra red spectrum of a thin film showed the complete absence

of a carbonyl peak at 1740 et and the présence of an 0H at 3600 om L.

(f) Oxidation of the alcohol to the corresponding acid

Cis 8 Hptadecenol (3.7g) was dissolved in glacial acetic acid
(10 mls) and.added to a solution of chromium trioxige (1.5g) in glacial
acetic acid (45 mls) and water (5 mls). The solution was stirred magnetically
and cocled in ice during the addition, The stirring was continued for 3 hours
after the addition hed been completed, After this period the solution was
poured out on to ice, Vhen the ice had melted the product was extracted with
ether., The ether layer was washed acid free with water and dried with
ethanol, This yielded s yellow viscous liquid (1.8g) equivelent to #6.1%
yield,

A semple of the product (5 mgm) was esterified with diazomethane and
the resulting ester run on & PEGA column at 198°C.  The product gave & péak
corresponding to methyl heptadecenocate by comparison with a standard carben
mmber plot.

2, Preparation of Methyl 17 octadecencate by Kolbe coupling

(2) Preperation of methyl hydrogen.azelate

Azelaic acid (10g) was dissolved in methanol (50 mls). Concentrated
sulphuric acid (2.5 mls) was added dropwise and then the whole solution was
refluxed for 90 mins, After this the methanol was reduced in volume to
15 mls and ether (100 mls) was added., This ethereal solution was washed acid
free with water and dried by standing over anhydrous sodium sulphate, This
 yielded (11.25g) of dimethyl azelate (BP 146 - 147°C at 15 mm) equivalent to
a yield of 97%.

Dimethyl azelate (10.0g) was dissolved in methanol {100 mls), To
this was added a solution of potassium hydroxide (2.6g) in methanol (100 mls).
The soluti.oh was allowed to stand overnight. The methanol volume was then
reduced to 20 mls at the pump. Ether (100 mls) and water (100 nls) were
added and the ethereal layer discarded after shaking. The water layer was

then made acid and the products extracted into ether, washed acid free and
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dried over sodium sulphate. The ether was distilled off to yield a
nixture of azelalic acid and the half ester. These were slurried with
chloroform and the half ester isolated by columnchrbmatography on silica
gel, The eluting solvent was pure chloroform., The acid remained on the
column whilst the half ester was eluted in 500 mls of chloroform, On
removal of the chloroform at the pump (2.8g) of a clear viscous liquid was
obtained., This is equivalent to & yield of 30% based on the diester,

T.L.C. on silica plates eluted with ether, petrol ethsr formic
acid (30 ¢ 70 : 1) and visualised in iodine vapour showed this to be pure
and free from any diacid or diester by comparison with standards and having
an Rf value between the two,

NMR data showed a ratio of 3 : 1 between tﬁe methoxy protons at
6.4 7 and the ecid singlet at 0,87,

(b) Eplbé’coupling of 10 undecenoic acid and methyl hydrogen azelate

Methyl hydrogen azelate (2.5g), 10 undecenoic acid (10g) and sodium

(200 mgn) were dissolved in dry methanol (200 mls). Platimm electrodes 2 cm -

square were placed 1 mm apart in this solution. Electrolysis at 24,0v IC
was carried out for 32 hours at which time the solution became just alkaline,
The current which flowed was 0.4 amps. The solution was kept just below
4000 by the use of cooling coils in the solution, Periodically the current
was reversed to help keep the electrode surfaces clean,

After electrolysis the polymer which had been formed was filtered
of f and the volume of methanol was reduced to 20 mls and ether (100 mls)
was added to the solution, This solution was then washed with water to
remove the sodium salts, The ether was removed at the pump and the
products dissolved in petrol ether (25 mls).

The individual products were separated by silicic acid column
chromatography by elution with pstrol ethey rising to 5% ether in petrol

ether. The yields of products were as follows:-
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Polyzeric materisl 2.0g

Hydrocarbon 9.5g
Diester not detected
Methyl 17 octadecencate 1,0g equivalent to 25% yield

based on half ester,
The above data was obtained by triangulation. of GLC traces obtained
By injection of the petrol ether solution on to & PEGA column at 198°.
The methyl 17 octadecencate had & retention volﬁme equaEL to 18,75
carbon atoms compared with methyl oleates 18.45.

NMR data was as followS:=

ggg._lg(‘l’) Multiplicity Assignment No. of Protons
6. Singlet - 0 - CH, 3 (srD)
L0 « 4.5 A Multiplet = CH - 1
- 5.1 Triplet CH, = 2
7.6 - 8,8 Maltiplet - CH, - 30

B, Iabelling of Precursors requiring elongation of the carbon chain with

:u‘LC potaszsium cyanids

Reaction Scheme IIT

LiAl H,
.COOCH

|

% ) ! *
RCH,COOH ¢ ROH,C00CH, ¢ ROH DN
R = CH, = OH -(CH,)] s o g

(i) Reduction of ester to alcohol

Methyl 17 octadecencate {30 mgm) was dissolved in sodium dried
ether (5 mls) and refluxed for 1 hour with lithium aluminium hydride (20 mgm).
At the end of this period the excess lithium aluminium hydride was dsstroyed
by the addition of weter (5 mls) containing dilute hydrochloric acid (1 ml).
The alcohol produced by the reaction was extracted into ether which was washed
acid free with 5 ml aliquots of water and finally dried by azeotropic distill-

ation with ethanol, This product was examined by TLC on silica plates run in
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20% diethyl ether in petroleum ether, This showed complete conversion to
alcohol by comparison with suitable standards,
The yield of cis 17 octadecenol was (26.4 mgm) equivalent to 98.5%.

(i1) Alcohol to p-toluene sulphonate

cig 17 Octadecenol (26 mgm) was dissolved in pyridine (b.5 nl )
whicﬁ had been dried over potassium hydroxide pellets, To this solution
was added (26 mgm) of p-tcluene sulphonyl chloride, This mixture was
allowed to stand overnight at room temperature, The whole was then
dissolved in ether and the pyridine washed out with dilute hydrochloric acid.
The solution was then made alkaline by the addition of 5N caustic potash and
the excess p-toluene sulphonic acid washed out as the potassium salt with
water., Finally the solution was washed to neutrel pH with water and dried
by azeotropic distillation with ethanol.

The reaction was once again tested by TLC on silica plates developed
in 30% ether in petroleum ether, This showed that the reaction had yielded
about 80% of the required product and given about 20% of the alkenyl chloride.
No starting material remained unchanged,

(iii) Preparation of the alkenyl nitrile - introduction of the label

The reaction products from stage (iii) above were dissolved in
D.M.8.0.. containing W potassiun cyanide ex Amersham 100uc (200 pl).
The solution was heated at 90°C overnight. After cooling the whole was
dissclved in ether (20 mls) and washéd five times with water to remove the
DMSO and the pofassium salts formed as by bro&ucts. The ether was then
removed &t the pubp and the nitrile and excess starting material dried by
agaotropic distillation with ethaneol,

(iv) Methanolysis of the nitrile

The products from stage (iii) were dissolved in & solution of 25%
hydrogen chloride in methanol (5 mls) and allowed to stand overnight, Ether

(20 mls) was then added to extract the products and the ether washed acid free
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with successive aliquots of water. The reaction was tested by TLC on
silica run in 15% ether in petroleum ether. As well as the usual charring
with sulphuric acid the plate was scanned on the Panax radio scanner to
ridsntify the position of the label, It was found to correspond to the
eéter‘ The active eéter was isolated by preparative TLC on & 1 mm silica
plate in the samé solvent system as above. The active band was identified
by scanning and scraped off éhe plate. The active ester was eluted from
the silica with ether,

The radiochemical purity of the sster was tested by RGLC on FFAP
at 24,0°C. Although the major constituent was found to run at 19.75
garbon mimbers there were several impuritles present also.

The radiochemically puze(llhc)methyl 18 nonadescenoate was
isclated by preparative GLC on FFAP at 23000.

(v) Hydrolysis of the ester

The pure ester from (iv) was dissolved in % potassium hydroxide
in methanol (5 mls) and the solution refluxed for 30 mins., After cooling
the solution was made acid by the addition of concentrated hydrochloric
acid, |

The 18 nonadecenoic acid was extracted with 3 x 5 ml ali@uots of
ether which were bulked and washed acid free with water. The ether was
evaporeted at the pump and dried by azeotropic distillation with ethanol.
The purs acid thus prepared was stored in benzene at -8°C.

An aliquot of the above benzene solution was dissolved in,..%

PPO tolusne and counted on 2 Packard scintillation counter. This showsd
that 8 pc of the acid hed been prepared.

OFAC)nonadecanoic acid was prepared using reaction scheme ITI
(age 58 ) R = CHy(CHy) (-

Stearic acid was wethylated with diazomethans in the usual manner
to give the starting materiel, 10pc of(llhc)nonadecanoic acid was
prepared in this manner and used to prepare(1140)3i§ 9 nonadecenoic acid

(sce page 48 ).
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G, Labelling of precursors requiring the labelled material to be of the

same chain length

Reaction Scheme IV

Br. in
2
01&3(6}12)n CH = CH(CHz)m CO0H ———————y CHj(CHz)n CHBr CHBr(GHz)mCOOH

Hg0/Br,
CH,(CH,) CH= CH(CH,) Br é—"ﬁ“’—?—“— CH,(CH,) CHBr crmr(c } Br
3\""27n 2/m ethanol 3 5 n _ B

.
KCN/DMSO

3 25 HCL | *
CH3(CH2 )nc:H = CH(CHz)m CN ;ﬁ;—;—l) CH3(0H2 )nCH:CH(CHZ)mCOOCHj

KOH/met hanol

*
CH3( CH2)n0H=CH( CH, ), COOH

Compounds prepared using this reaction scleme:-

! h
(11}"'0)_93'._5 8 heptadscencic acid 6 7 - (1)
G.MC)_gi_.g 7 octadecenoic acid 5 9 - (2)
(1140)9_3:._5; 11 octadecenoic acid 9 5 - (3)

(1) was prepared (see page 52 ) and (2) and (3) were the kind
gift of F. D. Gunstone and I, A. Is¥mail,

(1) Addition of bromine to the ¢ig alkemoic acid

This reaction was carried out exactly as before (page 52 ).

(11) Decarboxylation of the threodibromoalkanoic acids

The product from stage {i) ebove (30 mgm) was dissolved in dry
redistilled carbon tetrachloride (0.5 mls), To this was added red mercuric
oxide (15 mgu) and bromine (11.2 mgm). This mixture was shaken on & wrist

actlon shaker for 72 hours in the derk at room temperature, The excess
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bremine was removed by the addition of sodium metabisulphite and the yellow
mercuric brom’de filtered off, More carbon tetrachloride (20 mls) wes

adrled and the organic layer washed several times with water. The carbon
tetrachloride was removed at the pump and the products dried by azeotrople
distillation with ethancﬁl. |

A small amount of this product was run on TLC on silicé. plates
developed in 2% sther in petrol ether, This showed in each case unreacted
acid Rf = o and two reaction products. The major one approxima{ely.
60‘%-Rf 0.72 and e minor one spproximately 20% Rf = 0,65. Both these
products were isolated by preparative TLC in the above solvent system, The
bands were visualised by spraying with dichlorofluoroscein in methanol and
viewing under U.V. light., The products were eluted from the silica with
ether in the usual way.

A mass spectrum of each material was obtained on a MS12 mass
spectrometer, This showed ths major peak to be the desired tribromo

product and the slightly more polar material to be polybrominated, containing
four or five bromine atons.

The major compound hed a molecular ion at 476 which is corzect
for 017H33]3r3. Also the splitting pattern of the molecular ion peak showed
that there were three bromine atoms in the molecule. This can easgsily be
detected because bromine has two naturally occurring isotopes in similar
abundance and therefore & tribrominated corﬁpound will split the molecular
ion peak into 4 peasks whose heights are in the ratio of1:3:3: 1,

Also loss of fwo bromine atoms could be seen in the spectrum at 397 and
317,

The compound having an Rf value equal to 0.65 had a molecular ions
at 557 corresponding to 017H323r4 apd a smaller one at 637 corresponding to
C17H3lBr5' The splitting of the peaks in the lower region of the spectrum

is also in agreement with this,
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(1ii) Debromination of the tribromoalkane?12

The desired reaction product from (ii) above i.e. ths
tribromoalkane Rf 0.72 was dissolved in &bsolute alcohol (2 mls), This
solution was added dropwise to a mixture of finely divided zine (100 mgm)

in refluxing absolute alcohol (2,5 mls) to which had been added 40% w/v

hydrogen bromide in water (3 drops). The refluxing was contimed for

1 hour, After this time the zinc was filtered off and the filtrate

dissolved in ether (20 mls). The ether was washed with 5 x 5 mls of water,
The ether was then removed at the pump and the products dried b& azsotropic
distillation with éthanol.

A sample of the product was run on TLC on silica plates in 2%
ether in petroleum ether. This showed that the product had a larger Rf
value (0.72) against the sterting materials value of (0.63). This was
strong evidence in favour of the reaction having proceeded to yield the
alkenyl bromide., The overall yield of this reaction was 80%.

(iv) Labelling of the alkenyl bromide

This reaction was performed exactly as the labelling of the

tosylates (page 59 ).
(v) Methanolysis of the nitrile

This reaction was performed exactly as before (page 5 ).

When the ester had been prepared an aliquot was tested by TLC

on a silica plate run in 15% ether in petroleum ether, The plate was
scanned on a Panax RILS~1l thin layer scanner to identify the position of
the labelled material then sprayed with dilute sulphuric acid and charred
at 250°C to visualise the mass spots. Apart froam label in the ester spot
there was also label identified at the origin and in a more highly polar
material Rf 0,05, |

(vi) Isolation of the pure ester

A primery separation wes made by running & preparative plate in

the solvent used in (v) above. The radioactive band coi're5ponding to
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methyl ester was identified using the Panax RTLS-1 thin leyer scanner,

The silica band was scraped off and the radicactive cbmpound eluted from

it with ether, The radiochemical purity was checked by RGLC on a ¥FAP

column at 230°C. This showed some impurities but these were removed by

preparative GLC under the same conditions as above. _,
The bond position was also checked by von Rudloff oxidation 217 .

(vii) Hydrolysis of the ester

This reaction was carried out as before (page 45 ). The pure
acids were stored in bengene at -8%. Aliquots were dissolved in,% PPO
in toluene as usual and counted by scintillation counting on a Packard
TriCarb scintillation counter, This showed that the following rediochemical

yields had been obtained.

Product Radiochemical Yield
(lll"c)cis 8 heptadecenoic acid 1%
(lll"c)cis 7 octadecencic acid T
@.M'C)cis 11 octadecenoic acid 5%
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SECTION IT

Studies of the pesitional specificities of enzymic

degaturation of saturated lene chain fatty acids




Introduction

Apart from the ubiquitous oleic and palmitoleic acids a wide variety

of rmaturally occurring moncenoic fatty acids have been characterised. These

agids have not oﬁly a range cf different chain lengths but also different
positions for the unsaturated centre, Examples to illustrate this peint are
given with refere_nées in the tables below;-

Table T, Katurally occurring moncencic fatty acids having the unsaturated

centra nine carbon atoms from the methyl end pf thz molecule,

Acid Trivial name Source Ref.
cis 3 dodecenoic - Lactobacilli NN
cis 5 tetradecercic - Sperm Whale 222
cis 7 hexadecenoic - HBuglena Gracilis 223
9 octadecenoic olelc In most fats
cis 11 eicosenoic cetoleic Simmodsia 224

Californica
cis 13 docosenoic erusic Tropéeclum seed 225
c¢is 15 tetracosenoic nervonic Brain tissue 225
cerebosides

Table IT Naturally occurring monoenoic fatty aclids havinz the unsaturated

centre in the 9-10 position

Acid Triviel name Occurrence Ref.
cis 9 decenoic - Milk fats 227
ois 9 dodecencic - Butter fat 228
cis 9 tetradecenoic myristoleic Pycnantius Rombo 229

- marine fats

¢ls 9 hexadecenoic - palmitoleic constituents of

nearly all natural

cis 9 octadecenoic oleic fats
¢is 9 eicosenoic gadoleic marine oils 230
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Table ITT Naturally occurring mongenoic fa‘ctv\\acids which do not fit in

the above classes

Acid Trivial name Occurrence Ref.
cis 3 decenoic _ - Jactobacilli b4
cis b doaecemio : - lactobacilly - L
cis 7 tetradecenoic - lactobacilli L4
trans 3 hexadscenoic - algae and spinach 84,85
cis 5 hexadecenoic - _ B.megaterigm 54
cis 10 hexadecencic - M. phlei L3
eis 5 octadecencic | - B.megaterium : 5
ois 6 octadecenoic petroselinic Parsley seed 231
cis 11 octadecenoic  cis vaccenic brain tissue 232
Irans 11 octadecenoic  trans vaccenic animal and milk 19

fats
jﬁl_s_ 10 octadecenoic - animal and milk 19
: fats

The series of ecids in Teble T have their double bonds in the 3-10
position if the methyl group is a‘ssigneti as the first carbon atom, These acids
will be referred to mereafter as W9 acids, The a2cids in Table II are tho
carboxyl 9 series of acids since their double bond is 9-10 using the carboxyl

carbon &s carbon 1. The acids of Table IITI do not fall into either of these

ocategories.

The concern of this section is the positional specificity of double
bond formetion by direct aerobic desaturation. Some of the above acids
listed in Table III occur in systems where the aneerobic pathway is operative
8,8, those isolated from lactobacilli and streptococei, and hence the factors
governing the bond position ars fully understood b3 « All the others
occur under sercbic conditions., This does not mean however that they all
occur by a direct asrobic desaturation of the saturated precursor of the same

chain 1engfh. Many of the acids are formed by a direct aercbic desaturation
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of a shorter chain length material followed by a subsequent elongation by
units of two carbon atoms in the malonyl CoA  pathway 1 . An example of
this is the pathway postulated by Nagai and Block for the synthesis of
unsaturated acids in photeauxotrgplic Iuglena 23&.’ This explains the occurrence
of ¢is 5 tetradecenoic and ois 7 hexadecenoic acids Fig.l, without direct

de saturation of myristic and pslmitic acids respectively. ..

€10 : 0 —3C12.:.0 —3 S0l 3 0 ——3C16 ; 0——3C 18 5 O

eis 3 012:1 ) cis 5 Cl:il-pcis 7 C16:1 —yois 9 Ci8:1

Fig.l Pathway proposed for the svathegis of unsaturated acids in

Jbhoteauxotropic Miglena

235
Jacop and Grimmer demonstrated the presence of a large mmber of

monoencic acids of varied chein length and double bond position in human dépot
fat but suggest that many of them arise by either f-oxidution or chain
elongation of monoenoic acids of various chain length having their double

bond in the umial 9:10 positien, Another possibility to account for some of

the isomers is that they are assimilated in the diet.
However despite the points made above many acids are formed by direct

b3 showed that

desaturation of the compound having the sams chain Jength, Bloch
whole cells of Mycobacterium phlei would convert palmitic acid directly into

cis 10 hexadecenoic acid. The same author showed that Bocillus megaterium S

converted stearic acid to ¢is 5 octadecencic acid and palmitic acid into
cis 5 hexadecenoic acid., The conversion of stearic acid to petroselinic acid
by parsley has not been fimally proved to be a direct desaturation though there is
evidence which suggests this 236 .
As well as the above examples of double bonds being placed in positions

other than 9:10 in the carbon chain there are a great many examples of direct

desaturation of fatty acids of several different chain lengths to their
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correspording 9310 monocenes occurring throughout the whole spectrum of living
L7, U9y 56 - |

systems e.g.

In 21l systems howsver, where asrobic desaturation occurs, the
position of the double bond whether it is in the 9:10 position or not is
specific for that system, There is no variation, under jidentical conditions,
in the position of the double bond, ‘ .

This raises the question Sfrwhat feature of the:substfafe molecule
determines the position of desaturation.

It is an investigation into that poSitional specificity with which

this section is concerned, Animal, plent and yeast systems have been

investigated to determine whether or not direct asrobic desaturation of labelled

compounds could be demonstrated.  Where this has been established the bond

pcsition of the monoene has been determined and attempts have been made to

elucidate the factors which cause the bond to be in that position., This has
been dore by using a homologues series of fatty acids as substrates.

Other factors, for example incorporation into 1lipid and the rate of
desaturation over a given time for all the homologues, were studied, The
latter gave an indication of the mumber of enzymes involved in desaturaticn and
their ontimum chain length,

The other work which is described in this section is the effect of
chain length of substrate on the inhibition of desaturation by sterculic
acid 8-(2-octyl-l-cyclopropenyl) octamoic &cid. Sterculic acid is a potent
inhibitor of the desaturation of stearate to ocleats in both anima1237.ami plant
system363 « The action of the inhibition is believed to be due to the
cyclopropene ring since alcohols, methyl esters and hydrocarbons containing

6
this linkage all cause inhibition 3. The mechanism of inhibition of the

stearate to oleate desaturation is thought to be due to the irreversible binding

by the cyclopropene ring of an essential thiol group of the total enzyme

activation complex, Evidence to support this comes from the fact that sterculic

acid when treated with L-cysteine showed evidence of consuming the sulphydeyl
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groups. Also similar inhibitions to the ones caused by sterculic acld are
.. 238 -
Yrought about by iodoacetanide 9 a known sulphydryl inhibitor,
Dietary sterculic acid causes inocreased amounts of stearic acid eand

reduced emounts of oleic asid in the lipids of chicken ti'ssuuazjs".m+1

Rieser and
Raju 242 showed that an in vive effect of dietary sterculic acid could only be
) ldemonstrated if labelled acetate was repisced as precursor by stearic acid.
Johnson 237 extended_ this work to show the inhibition of desaturation of
stearic acid to oleic acid. in liver prepara’cions. The same author went on to
study the effect of chain length from C10 - C20 on the inhibitionzl'l':

Since sterculic acid is a plant product the effect of sterculic acid
on desaturations in plants is an interesting problem, It was initially

investigated by James Harris and Bezard 63 who also showed that syntheses

of unsaturated acids from acetate were unaffected by sterculic acid. They
also studied the effect of sterculic acid on decancic, lauric, myristic,

palmitic, stearic and oleic acids and discovered that inhibition increased with
chain length and was complete at the stearic acid level, Also they discovered
that the effect of the sterculic acid on the enzyme converting oleate to
linoleate was not as sensitive to sterculic acid ds the stearate desaturaze.

The whole of this picture wes rounded off in this section when all the acids
from C14 —> C19 were incubated with Chlorells vulgaris together with

sterenlic acid and the total effect of chain length on the sterculate inhibition

was studied,
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RESULTS AND DISCUSSION

The effect of the structure of the substrate molecule in ths desaturation
of a saturated fatty acid to produce a monoenolc fatty acid revolves around the
chain length of the acid since substituents along the chain form an unnatural

49

complicetion to the enzyms system, James @ amongst several workesrs have used
hydroxy and epoxy fatty acids in animal and plant systems and have been unable
to demonstrate any desaturation at all, If individual members of a homologous

series of fatly aclds are incubsted with & living system, the posii:ion of the
resulting bond will tell whether the desaturase system is specific for one chain
length, for a given number of carbon atoms from the methyl end, or for a given
mmber of oarboﬁ atoms from the carboxyl end of the molecule. The Pfact that a
specificity is involved is assumed from the well recorded observations that a
given precursor will, under the same conditions in the same system, always yileld
the same monoene,

| In talking about mumber of carbon atoms from ends of the substrate moleculs,
a physical distance alorg the enzyme surface from 2 point of reference is implisd
and this work would hope to show where the point of reference for the substrate
molecule on the enzyme surface occurs,

This point of reference for the substrate molecule could be & covalent
attachment of the f‘attjr acyl residue by its carboxyl erd either directly to the
enzyre or indirectly via its ACP or Cod thiocesters, Any point of reference
involving the distance from the methyl end could only arise by a physical "{it"
of the substrate into a ocleft in the enzyme surface for example., Clearly it
could not involve covalent bonding. If the substrate had to be of a given
chain length in order to be desaturated, points of reference for both ends of
the molecule would be necessary.

From these studies also data about the actual shape of the enzyme surface
in the active region and some evidence of the actual intersction between substrate

molecule and enzyme may also be gained.
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The close involvement of lipid elass in desaturation, as previously described,

pfompted the investigation in some of the systems of the lipid formation
accoﬁpan&ing the desaturation and the amount of freshly desaturated acid found in
the classes of polar lipids studied.

The first system studied was the photosynthetic green alga Chlorella
vulgaris, The cultﬁre was grown in the "rich" medium (Pagel37) and then
transferred "!:o phosphiate buffer in which the incubations wers carried cut, The

-

reason for this is that in the rich glucose medium the alga exdists heterotrophically
' 60,62.

and under thase conditions will not desaturate palmitate or stearate The
longest chain acid that it will convert to oleate is myristic acid. When the
cells are transferred to phosphaté buffer, they undergo 2 changs in fatty 2cid
composition, This is due to a change from the heterotrophic to a photosynthetic
mode of existence. This is shown by the :E‘acf that more linoleic and linolenic
acid is formed. These acids are typical of photosynthstic systemsmﬁ"%—,.

.The incorporation of the added saturated precursors is shown in table I.
Desaturation, elongation, breakdown and-résynthesis are all taking place in this
system. Elongation was only noted in the case of even chain length fatty acids
and decrsased with increased chain length., See fig.I. Mo direct desaturation
was observed in the case of the laurate and the mejority of the addsd precursor
was elongated mainly to oleate which showed that activation was‘not discriminated .
against by this chain length., It is quite likely that ome of the rea'sons for
the iaok of desaturation in this case is the fact that elongation or incorporation
into lipid is so favoured that direct desaturation has no time to occur rather
than being itself prohi‘bited. The increase of direct desaturation of substrate
as the extent to which it is elongated de.creases,(012f—3»018), may in fact be
merely & reflection of the relative rates of the two competing reactions, i‘hi.s

assumes a dependence of reaction rates on the chain length of the precursor,

With this kinetic approach however, it is not easy to explain the complete non- |

|
existence of elongation in the case of pentadecanoic acid except that this is |
not & known intermediate in the malonyl Col pathwayl and it may be that ss such :

‘ it cannot be incorporated into it although the yeast Torulopsis apicola did |
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Fig,i. Conversion of satursted fatty acid precursors to longer chaim length fatty

‘acids by whole calls of Chlorella ﬂlg&ris!
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extend pentadecancic. acid to margaric acid (see page 79).

1 Radicactive
Product

Iabelled Precursofs

12:0

14:0

[ 1530

i

16:0

17:0

18:0

19:0

12:0
12:1
s0
sl
15:0

15:1
15:2
16:0
16:1
1632
17.0
17:i
17:2
18:0
18:1
18:2
19:0
19:1

19:2

8.5

Trace

8‘0

2.1

Trace
25,2

56.2

32.5
15.8

21.1
5.6

2,0

Trace
9.0

15.8

60,5
33.1
801"

61}-.2
17.8
6.8

Trace
5.0
5.8

32.3
48,2
19.5

9.5
27.9
62,6

1.0
8.0
2.1

484

29.1

6.3

Labelled fatty acids produced from labelled saturated precursors by whole cells of

Table T

"

Lv}

2.

However, having said all this every other saturated precursor except

the laurate was not only activated by the system but did also yield monocenss of
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the same chain length, The fact that these occurred by direct aeroblc
desaturation alone was indicated by the retention of the radio lebel in its
original position in the desaturated preducts. All the precursors except

laurate and myristate produced dienes of the same chain length as well as

- monoenes. Since the dienes were produced from moncenss by & further

dﬁsatufation the figures for saturated to monocene conversion which occur in

table IT are the sums of the conversion to moncenes plus dienes.-

Total Desaturation
. (Monoene + Diene )
' A7 Series A.é Series
R
112"0 - dodecanoic o -
(
(134¢)- tetradecancic 10,6 5.2
(2¥¢)- pentadecancic: 12,8 28,7
(11'!"0)- hexadscanoic 8.3 15,5
(111“0)- heptadecancic - 67.7
" .
(1 €)= octadecanoic - 90.6
(21)4'0)- noradecancic - 350

Table II

Total amount of desaturation in individual monocenocic series produced from

| labelled saturated precursors by whole cells of Chlowella wlegaris,

When the bond positions of the monoenes were determined, all the
precursors were found td have given a 9:10 monoene, However myristic,
pentadecancic and palmitic had also produced a 7:8 moncene, The relative
amounts of e&ch appear in table II and are plotted in fig,II, Clearly there
are at least two enzymes active in this system, The first of these is chain
length dependent erd introduses the double bond in the 7:8 position. This has
an eptimum chain length of fifteen caerbon atems 'but‘ will not accept acids

longer then sixteen carbon atoms. The second enzyme system accepts any acid
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(¥-—x) and 7:8 monoencic fatty acida(0 == 0) of the same chain lenzth by whole




longer than thirteen carbon atoms end introduces a double bond in the 9:10
position. The fact that the radio label is retained in its original position
in all these studies excludes the possibility that any of these products arise
from breskdovn and resynthesié and verifies that direct desaturation has
ocourred. n

Looking quantitatively at the desaturation caused by this second

“enzyme (ses £iz.II) it has two peaks in the curve which indicates that this

9:10 desaturase could, in fact, be two enzymes, one which deals with shorter

chain length acids (Cl4 ~ C16) which has its optimum at pentadecenoic acid

and another which deals with longer chain acids which hes an optimim at €18,
It is not unknown for more than one enzyms to be used to perform ths same
reaction from a series of acids depending on their chain length, 1&;‘:51.1{:1.121‘8
showed a similar thing when what was thought originally to be a single enzyme
for comversion of the p-hydroxy acid to the qf monocencic acid in the malonyl
Cod pathwajr {see page 4—), turned out to bg thres, each respcnsible for & small
range of chain lengths. |

The reason behiﬁd the sudden cut-off of the 7:8 desaturase at margaric
acid could be dus te a side group from the peptide chein of the enzyme
projecting nut from the enzyme surface at the position the seventeenth carbon
atom would occupy, causing a steric block, This would prevent the substrate
lying down on the enzyme surface in general and the active site in particular,
Alternatively, it could indicate the depth of a cleft in the enzyme tertiary
structure if asscciatien with the substrate involves enfolding. The
implications of these results to the environment of the substrate in the enzyme
substrate cemplex will be dealt with ;'.n more detail later.

411 the desaturases in Chlorella vulgaris produce their characteristic

desaturetion at the same position (whether it be 7:8 or 9:10) irrespective of
the chain length, providing that this is acceptable at all to it. Thus,
providing it does not completely inhibit dssaturation, as in the case of the

7:8 desaturase, the number of methylene groups beyond the desaturation centre
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does not affect the position of the double bond, In other words it is the
distance from the carboxyl group which is specific to the enzyme so far as the
position of desaturation is concerned. A physical attachment of the carboxyl
end of the substrate molecule to the dﬁsatuxase enzyme complex is indicated by .
this, although the precise.form of the attachment, whether it is the actual acid
that is joined to the enzyme, or either its coenzyme A or ACP thiolester, is not
yes known.

The 7:8 desaturase and the shorter chain length requiring 9:10
desaturase are very similar in that they both have the same optimum chain length
(pentadecencic acid) and are uneble to deal with lauric acid. This londs strengthte
the theory that they were originally the same enzyme but that the 7:8 desaturase
has erisen by the loss of one amino acid between the active site and the point
ef atbtachment of the ecyl function.

The loss of one amino acid from the polypeptide chain, as suggested,
would reduce the distance by an amount corresponding to two methylsne units in
the acyl chain, If the difference between the 7:8 desaturase and the 9:10
desaturase is one amino acid residue and since the cut-off point of the 7:8
desaturase is at a substrate chain length C17 theh,if the hypothesis is correct,
it would mean that the cut-off point of the 9;10 desaturase should be at a substrate
chain length of C19, This would place the side group'in the enzyme chain, or
the 1iﬁit of the cleft or hole responsible for the cut-off, at a position in the
protein molecule corresponding to the Cl9 pogition in the chain of an acyl
subsfxaté. Although theipicture is masked by the presence of the long chain
9:10 desaturase, there is & marked fall off at a substrate chain length of C19.
In addition, incubations with (llhc) 18- nonadecencic acid is found to give much
more desaturation than nonadecanoic acid, see Table III and the existence of

such & side group on the enzyme surface could explain this, see fig.IITa.
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(a).

ENZYME SURFACE

(B)

ENZYME SURFACE H

()

ENZYME SURFACE v M

11 12 13 1% 15 16 17 18 19 Substrate carbon atoms
(4) octadecancic acid {(C) nonadecancic aeid

(B) 18-ncnadecencic acid X proposed steric block

Fig.iiia, Scheratic representation of the substrate molecule on the enzyme surface

to Illustrate low a_steric block in the pogition indicated could explain the

experimental results




- Toﬂal Desaturation | Bond Positions

Precursor monoene + diene . of diene
(lmC) - heptad.eéanoic 49.1 ! 9:10, 12:13
(1%c) — ootadecanoic 80.0 1 9:10, 12:13
(21}"'0).— nongdscanoic 24,1 9:10, 12:13
(1140)-18 nonadecenoic 12.7 18:19, 9:10,

12513 !

| : !

Table IIT

Direct dehydrogenation of labelled precursors by whole cells nf Chlorella yuleapis

The presence of & side chain not large encugh to completely inhibit the
long chein desaturase but enough to reduce its effectiveness mst also be present
in a similaf position to account for the fall off of desaturation at €19 in all
the Systems studied a.nd_. also to explain the magnitude of the increase in
‘desaturation of the 18-nonadecenoic acid.

Sterculic aocid inhidbition has been studied in Chlorella yulgaris by

Harris Jemes and Bezardsj. They incubated acetate and all the even chain fatty |
aclds from C10 €18 with Chlorella in the presence of sterculic acid and
studied the distribution of the label amongst the fatty acids.

In this presenf work the acids from Cli — Cl9 were similarly studied
and the results appear in Table IV. | This work conﬁ.fms the results of Harris
et 9;163 and sh.ows that the inhibition does steadily increase with increasing
chain length., The extent to which a given even chain monoene has been
produced by direct desaturation or by ﬁ-oxidafion of the substrate and \
resynfhesis canrot be stated as distribufion of label in these products was
not dotermined but in the production of odd chain monoenes direct desaturetion
mst have teken place., Thus direct desaturation of ﬁargaric acid is not
completely inhibited by sterculic acid though direct desaturation of stearic
and'nona.decanoic acids is completely linhibited. Nonadeeanoic gives much more

label in palmitate, oleate and linoleate formed by p-oxidation and resynthesis
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than does margaric acid,

This increased tendency to breakdown has been noted

in other experiments with Chlcrella vulgsris and Torulopsis spicola,

|
|
|
\
\
\
recursor | 14:0 15:0 16:0 17:0 | 18.;0 19:0
1:633:'913.15.(.*.4jh - + - + - + - + - + - +
- \ !
abel i
1430 32.5 1 60 - - - Trace! = - - - - Trace
sl 15.81 2.0 - - - - - - -] -] - - |
15:0 - - 160.5 | 79.2 - - - - - -] - -
15:1 -l - {531 36| - - S R R N -
15.2 - - | 8.4 - - - - - - -] - - |
16:0 8.0{ .0 }| = 6,0 | B4.2 1 8.0 -] 05| - -1}t 6,1{ 10,8
16:1 2,1lrrace | - - l17.8] 83} -] - | -] -|]rrecet 1.2
16;2 - - - - 6.8 | Trace| =~ - - -1 - - |
17:0 - =1 - - - { ~ 132,3{8,0] - { «{ - -
17:2 - -] - - - | - [s8.2] 70| -} -1} - -
17:2 -1 -] - - -] - jws] -F - -] - - 1
- 18:0 Trace] Pace - Trace {Trace | Trace| =~ f{Trace { 9,5 {100 1,0 -
18:1  |25.2}12.3| - | 4.8 5.0] 31 - | 1.8J27.9) -] 8.0l 8.2
18:2  [56.2[12,7) - | b | 5.8) 4.6] ~ | 2.8]62.6] - | 2.1 10.6 1
19:0 - - - - - - - - - - i L8.4L £8.0
19:1 S R - -] - ] -1 -l -almal -
19:2. - - - - - - - - - - 6.3 - |
|

Tabls IV

which grows ssmbically and is known to perform aercbic desaturetions of long

whole cells of Chlorella vulgardis with and without added sterculic acid.

The second orgenism studiss was Toruleopsis apicols,
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Radicactive products from the incubation of Jabelled saturated precursors with

This is a yeast




chain fatty acids, Since this organism is heterotrophic, the radiclabelled
precursor had to be introduced to it in the medium in which it had been grown.

The results of the experiment are given in Table V, This system is studied
more easily:.so far as monoene synthasis. is concerred since it does rot form

- dienes, i’:eing a 'v%rhb'le cell culfure howa ver it doés possess the ability to
elongate acids By 'the_malonyi CoA pathway. Decanoic and dodecancic acids

‘are activated almost completely hut form no desaturated p'roduct.‘ Here, as

in the case of Chlorslla, it may well be that the rate at whion there acids

are elongated or incorporafed. into lipids prevexits ahy de sétuﬁtion. In this
system also the amount of élongation decreases as the chain length increases but

_in this case, unlike Chlorella, pentadecé,noic acid is elongated.

Radioactive Precursors _
Product | 10:0 | 12:0 | :0 | 15:0 | 16:0 { 17:0 | 18:0 | 19:0
1010 3,7 - - - - - - -

12:0 N 5 S BV DU - -
;0 | - - 21,0 - - - - -
el - - 4.8 - - - - -
15:0 - - - lmsl -1 - - -
15:1 - - - | 11.5 - - - -
16:0 8.0 | 83| 120 | - |32 | - - | 18
1631 13,3 189 | 315 | - |42 | - -] 12
17:0 | - i 4.6 - | Blhul - -
1731 -] -] - juse | - juws | - | -
18:0 _ - - - - - - 51.2 -
18:1 755 | 65.3 | 28.7 - | 22.3 - lar9 | 79
- 19:0 - S - - - - | 87.0
D - ol - - - - | 35 ;
! i
Zeble ¥

Labelled fatty acids produced from 111*0 precursors by Torulopsis apicola in its

mitrient modium
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As mentioned above, nonadecanoic acid provides the' only case where
ﬁ-—bxidation has taken place., In this organism, though not ir; the case of
Chloreiia, the breakdown of nona.deoé,rioic acid mey be only ah initial loss of
two carbon atoms rather than a compléte breakdown to short chein materials.
Since the label was at the 2 position of the acid then radiolsbelled acetate
Wéuld -be formed ir this case and as far as labelled acids are concermed, 2
siormal ryesynthesis éattern is observed,

if a 3 labelled acid had ﬁeen used, it is quite possible that no
resynthesis would be observed. These statements are baéed bn the work of
Tulloch et .9.121"8 who fermented all the even chein saturé.teti acids from C16-C24
and even chain length alkanes from C16-C24 and found that the organism always
degraded them to C17 or C18 compounds before converting them to the W-1 hydroxy

249 confirmed the results in a further series of

compound. Jores and Howe
experiments., In tfxe present work with Torulopsis no hydroxylation was observed
at all, The varia,tior_z with chain length of the amount of elongated products
forned is shown in Fig.IITh.

Saturated precursors of fourteen carbon atoms and sbove, all
produced monoenes of the same chain length as fhe precursor. All thess monoenes
had the double bond in the 9:10 position. Thus in this system also the position
of the double bond is controlled by the distance frbni the carboxyl end of the
molecule, This also indicates that the substrate molecule is joine‘d. to the
de saturase either directly or via its Cod or ACP thiolester at the darboxyl
end. In studying the amount of desaturation there seems svidence that thore

may only be one Jesaturase active in this system and that there is a broad

optimum for chain length with much better desaturations being cbtained with

Apalmitic, margaric and stearic acids than with the shorter chain acids.

Nonagdscanoic acid is very unfavourable to desaturation in this system. See
fig.IV.
Since the amount of lipid incorpofation was not determined in

these experiments, it could be that the discrimination against nonadecancic
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1 12 1 15 % 1w 18 19

Fig.iiib, Conversions- of saturated fatty acid precursors to longer chain length fatty

acids (¥—x) and to shorter chain length fatty acids (0 = - 0) by whole cells of
Toyulopsis apicola, |
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Fle. iv,Converaiong of saturated precursors to 9:IO monoenoic fatty acids of the same

chain length by whole cells of Torulopsis apicola
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aclid as a substrate for desaturation is an activation or a permeability problem,

The major product of chain slongation in all the even rarbon

mumber asids is oleic acid., The fact that no oleic acid is produceci fmm

pentadecanoic acid, however, whilst almost helf the precursor is eiongated to

& seventeen carbon aton monocene, seems gnod evidence that Little breoakdown and

! syntheﬁéis is involved in this system and that the monosnes of_the same chairi
length are formed by direct desaturation.

Since this systém is able to elongate substrates by two carbon atoms
ard form monocenss of more than onc chain length from a2 given saturated suﬁstrate
e,g. myristic, it is possible thét s if the system can elongate moncenoic acids
as well as seturated acids, monoenss with the bond in the 11:12 position may be
formed. There &re three possivilities, either ths system elongates saiurated
precursors only, or the system elongates moncenvic p‘%dursors only, or it can
do both, _

In ordsr to solve this problem the individual monoenes were isolated
and the bond position determined, This showed that all monoenss were
exclusively 9:10 moncenes and therefors showsd that ouly saturated acids ware

elongated and that no slcongation of the products of desaturetion had taken place
in this sgystem, This is illustrated in fig,V.

Had the forbidden pathways above been able to operate 11:12 and
13: 1) monoenes would have been isolated; On this evidence it is assumed that
211 the moiwenes of Jonger chain length than the precursor in Table V are 9:10.

The effect of substrate structure on desaturation in animals was
studied first cf all in 1_:he goat mammary gland., Optimum fat metabolism occurs
in these tissues when the 'animal is fully lactating and hence this was the
tissue used. Milk production is not only of ascademic but commercial importance
end hence the study of this system was chosen. Although in vivo studies with
perfused glands is a recognised techniquezso, in yitro studies of a subcellular

fraction has the advantage of more controlled conditions,
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MALONYL
CoA

PATHWAY

tetradecanoic acid

tetradecanoyl-S~-Cold

AEBROBIC DESATURATION

->
tetradecanoyl-S=ACP S cis 9~tetradscenoyl=S-A CP_ .
Lipid . *
hexade ca,noyl-S-ACP 3> cis 1l-hexadecenoyl~3-ACP
Lipid i
octade canoyl~S5-ACP ——%—9 cis 13~octadecenoyl=-S-ACP
\ _6__;-\& 9‘-0 c‘ba.de cenoyl-S—ACP
permitted pathway >
pronibited pathway >< -

Fig.ve Pormitied and prohibited vathways in Torulogsis apicola,




de saturage
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The microsomal fraction was chosen since this is the site of the

and eliminates any chain elongation or p-oxidation which are

carried out by mitochondrial ehzymes. These latter processes tend to make the

study more involved and hence their exclusion here is of some advantage,

The in vitre incubations with labelled €10 ~ C19 scids were carried

out toth with and withoﬁt the presence of particle fres supérnate:nt. The amount

of desaturetion ebtaimd is shown in Teble VI

!

. . ]
Micrasemss ‘Bend i Microsemes + R.F.S.
Precursor % Desaturation ' Position | % Desaturation
H i
PN s ;
(17°C) - dscaroic - - |
(1%c) - dodecarnoic - - - |
(111&3) - tetradecanocic 5.75 9 - 10 3.5
(ZIAC) - pentadecanoic 5.0 9 - 10 2.0
(lu‘"ﬂ) = hexadecanoic 15.5 9 - 10 11.25
(11'!"(}) - heptadecancic 20.25 9 -10 18.75
(1140) -~ octadecanoic 25,5 9 - 10 22.5
(21%) - nonadecanoic 2.5 9 « 10 2.5
i
Table VI

Degree of desaturation of lasbelled precursers in subcellular fractions of goat

the results sppear in Table VII.

ation appear on the salme set of axes below, figs. VI and ﬁI.

memmary gland.

The 1lipid incorporation of the added substrates was alse studied and

Plota of desaturation and polar 1lipid incorper-

The bond position

of all the moncenes preduced wes identified and found in all cases to be in the

9 -~ 10 pesition.

The fact that all the homologues were dessturated in the same

positien indicates that the rumber of methylene groups beyond the tenth carbon

atem dees neot affect the pesition of desaturatien,

This in turn means that

again the specificity of desaturation in this system is the distance from the
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Fig,vi, Conversion of saturated fatty acid precursors to 9:10 monoencic fatty acids of

the same chein length(x---x! and incorporation of the same precursors into polar lipidg

(?__: = 0) by a microsomal fraction of a ptilly lactating goat mammary oland,
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Fig,vil, Conversion of saturated fatty acid precursors to 9:10 monoendic fatty acids of

hs same chain length{g———=x)} and incorporation of the same precursors into polar lipids

{0 =~ =0) by a microsomal fraction of a fully lactating goat mammary pland with added |
particle free supernatent,




carboxyl end of the molecule, A specific attachment of the carboxyl end of the
substrate molecule to the desaturase enzyme complex is indicated by this result

though the precise form of tha attachment is, of course, still not known,

% Count Distribution

Precursor Microsomes Microsomes 4+ P.F.S.'

FFA ¢ P, |  FEA 6 FL
(1**c) 10:0 | 100 0 0 100 0 0
(2%*¢) 12:0 95.5 0 0.5 96,5 O 0.5
(1%6) w0 96.75 0 - 3.25 83.7 13.2 3.1
(2%c) 15:0 87.0 0 13.0 78.5 15.3 6.2
(1c) 610 85.5 0 145 66,0 25.0 9.0
(11’*0) 17:0 B0.5 0 | 19.5 77.8  10.8 114
a¥e) 18:0 | 7h.5 o 25,5 78.5 5.0 17.5
(2%¢) 19:0 99.25 0 0.75 97.5 2.0 0.5

Table Wi

Lahelled lipids produced by the incubatien ef saturated precursors with subceliular

fractions of eovat mammary gland

The microsomal fraction gives no desaturation with decancic er lauric
acids and gives little or no svidence of activation of tlese substrates, - The
curve produced, fig,VI, has an optimm desaturation at C18 and the usuval steep
decline to almost zero desaturation in the case of nonadscanoic acid, The form
of the de saturetion vs qhain length curve appears to be typical of a one enzyms
gystem 2lthough the edd chain acids seem to be less favsurable than would be
~ expacted,

One feature of tha_niorosomal system is the fact that the amount ef
polar 1lipid formation is almost identical to the _amount of desaturation in most

cases. This suggests seme close involversat of 1ipid formetion with desaturation,




but, on investigation, it proved that both labelled saturated and monocenoic acyl
groups occurred in the polar lipid fraction and also that unsatureted acids ocourrcd.

in the free form. There was an increased tendency for the unsaturated acids to

be bound to lipid as the chain length increazsed to 18. In the case of myristic

acid, most of its monoene was in the free acid form. 1t appears from this as if
the enzymes involved in the formation of polar lipids have some chain length
specificity.

The inclusion of the particle free supernatent in the incubations had
the effect of decreasing the amount of polar lipid formed but result_ed in the

formation of an appreciable amount of triglyceride such thet overall more 1lipid

formation was achieved., Optimum triglyceride formation occurred at Cl4. As

in the case of the microscmes slone desaturated acids appeared in the free fatty
fraction to a similar amount showing that the lipolytic enzyme involved was in
the microsomes themselves and not enhanced by the supernatent. All other features
of this combined system were the same as for the microsomes alome except the
deseturation vs chain length curve did have only one apparently irregular point
at €15 and, in the light of the Chlerella and hen liver results, it could be
indicative of two enzymes., A repeat of the experimerts using only microsomes
to check the mergaric acid result would have been desirable since it seemed
urmsually low but further tissue was unaveilable,

Since goat tissue was difficult to obtain and as a result of work lone

by Wekil 2 251

and Johnson further in vitro studies of subcellular animal systems
were performed on the combined microsomal and the particle free supernatent
fraction from hen liver, The hens used were either Lrown Warren hens or white
shaver hens, Best results ware obtained from hens fed on a balanced diet and

the older and more fatty the liver the greater the degree of desaturation obtained.
The variation between lndividual livers as to the absolute amount of desaturation

of 2 given precursor varied greatly but the relative variation from precursor to

precursor was very similar in all cases, Thus it was imperative to do all




comparative studies on the same liver, The precise reason for the variatien in
desaturase activity from liver to liver is not known and only the above observations
of the visible state of the liver have been noted.

Since the incubation conditions used in the goat system above differed

2
considerably from those used in the hen liver system by Johnson 37

injtial
foltan R . . _

experiments were umrl@g_rgeﬁe to investigate the requirements of the system. The

first comparison was of the mcleotide systems used, In the goat system the

required reduced micleotide had been added but in Johnson's system ‘t:hé reduced

micleotids had been generated &s required in Si'bli. The method involived the

addition of the oxidised form of the micleotide and sodium lactate, Actidn of

253

lactate dehydrogenase provided the required reduced mucleotide according to the

follewing reaction

Lactate + NAD' L——*-*_____, pyruvate +« NADH 4 i
The result of this experiment was that there was no advantage in this

system over the direct addition of NADH so far as desaturation was concerned {Table

Villa). Indeed the addition of NADH seemed to result in greater incorporation

into lipids.

Cofactor . . - % Polar | % Desaturation
Precarsor Systom % Desaturation | % FFA | % TG Lipid in FPA
(1%0)- stearic| Lactete 46.6 35.3 | 7.6 | 57.0 11.3
| NAD+ | |
(1%c)~ stearic| NATH 46.9 1 22.0 | 85 | 69.5 10.7
l

|

Table VIITa

Effoct of micleotids system cn desaturafion and 1ipid forpation in s hen Jiver

microsomal fraction

The increase in phospholipid produced was a general effect and no particular
phospholipid was favoured. The phospholipids labelled in these experiments are

listed in Table VIIIb.
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- Cofactor | Phosphatidyl | Phosphatidyl | Phosphatidyl
recursor System inositol choline ethanolamine
(l:ui'c - stearic | Lactate 5.8 69.2 25.0
NAD+ i
(1%C) - stearic |  NaDH T4 70.5 b 22,0 |
§

Table VIITb

Bffect of miclectide asystem on individual phospholipid compositioa in a hen liver

microsomal fraction

As well as changing the micleotide requirement, experiments were done
to see if the mass of the other cofactors could be reduced, Some cofactors
can irhibit at high levels so the mass was reduced, . The results are shown in
Table IX = and they show no advantage in the high level of cofactors in faot a
slight advantage appears to be gained both in lipid incorporation and desaturation
with the lowsr lével. The existence of a lipolytic enzyme is indicated with the

presence of 6% of desaturated acid appsering in the free falty acid pool.

* .
Precursoer C:i‘:g:::r % Desaturation | % FFA | % 76 { % PL % Deiit;;zt on
(IMC)-steario.L High 22,8 66.4 5.0 28,6 5.7
{

H ; ! (] !

Table IX

Effact of cofactor concentration on lipid formation and desaturation in a hen liver

nicrosomal preparation

* Cofactor amounts/incubation were as follows:-

CoA 1l mgm _ 0,15 mgm

ATP 60.5 mga 11 mgm

NADH 2 mgm 1 mgn

NADPH 1 mgm 0.5 mem h
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With the high levels of free fatty acids (approximately 2/3 of the

added label) despite the evidence of lipolytic enzymes, there was socme doubt about

the ability of this system to activate the added acid.

Thus incubations were

performed in which the mass of fatty acid substrate added was varied up to forty

time s the usual amount.

The results are shown in Table X,

This shows that the

mass of added ecid does not affect either the desaturation or the 1ipid incorporatien.

Mass of .
Pr?szr)‘sor % Desaturat-ion % FFA | % 16 % Polar Lipid 7 Diza;;i'atlon
7 T
6 25.6 65,8 5.1 29.1 5.9
) 125 221-.8 6304 ]-I-l8 5-1.8 6.3
250 24,5 4.7 5.0 30.3 6.1
Table X

Effect of mass of stearic acid on the degree of desaturation and lipid formation in

a mizrosomal preparation »f hen liver.

Clearly there is no gquestion of the enzyme system being saturated in this

cage and some selectior process must be in operation, -

A similar result was o‘btained'by using an increased amount of enzyume

(microsomes) and the same mass of acid, Table XI.

The same conclusions were drawn -°

i.e. the extra enzyme caused no incregse in either desaturation or lipid incorporat-

lon; see Table XI.

antity of . .
Eg:yme Soyurce* % Desaturaf,‘lon FFA TG Polar Lipid
3 mlS 27.0 #’ 65.7 501 29.2
6 mls 26.1 67.0 5.0 28.0
!
L 9 mls 26.7 63.8 5.0 3l.2
L.
* See experimental section (page 1)),
Table XI

Variation of the amount of desaturation and 1ipid incorparation with the increase of

enzyme _Source
et P = N st s e
~ B7 =




Having decided upon the optimm conditions for this system, the
homologous series of acids from C10 - (19 was incubated under those conditions.
in the first experiment the bond position and extent of desaturation and.'the
percentage of activity in polar lipid was measured, Table XIJa., The desaturation
data once again show complete carboxyl end control of the positionall .épé:cificy of
the desaturation process with the double bond always in the 9:10 position and is
iﬁdicative of carboxyl attachment to the enzyme. Quantitatively, the data,
fig VIII, show the characteristic pattern of two enzymes, oﬁe responsible for the
shorter chain acids with an optimm at 14 and a longer chain enzyme with its
optimum at C18. In this system for the first time decanoic acid Las been
directly desaturated, .Apért from this, however, the picture is very muich the

. same as the Chlorella 9:10 desaturase.

Precursor % Desaturation| % Polar Lipid | Ratio %}% x 100
(112*(}) - decanoic : 2.5 5.1 49
(1MC) - dodecanoic 8.8 12,7 69
(1%C) - tetradecanoic 27,0 40,0 67
(2:”"0) - pentadecanoic 745 13.0 39
( 1%0) = hexadecanoio 18,0 264 8
(114¢) - heptadecamoic 20.8 22.8 70
(114¢) - octadecanoio 25.0 36.0 69
(2]‘1"0) - nonadecanoic 12,5 22,7 55

Table XTIa

Degree of desaturation produced in labelled satvrated precursors by 2 microsomal

Lragtion of » hen Jiver

There is a marked cut-off at C19 whereas 18 - nonadecanoic acid is
de saturated to the same extent as stearic sacid; Table XIfb. Once aga.‘in this

points to a side group projecting from the enzyme c¢hain in such a way as to
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Fig,will , Converslons of saturated precursors to 9:10 monocencic fatty aeids of the

s#me chain length by a microsomal fraction of hen liver,




interfere with the terminal methyl group of nonadecamnoic acid.

Precursor | . % Desaturation Bond Po_é;_i"biq.ﬁ

A1 (111'0) - hexadecanoic o | 45,1 | ‘ 9-10

h (1140) ~ heptadecancic | 56.8 : 9a10
(1114'0) - octadecanoic : 57.8 ' 9-10
(211*'0) ~ nonadecanoic ' C4T7.1 | ' 910
(11}"'('1) - 18 nonadecenoic o 57.0 ' 18-19’, 9-10 |
(1%c) - ois 7 octadscenodc - -
(1140) - ¢is 11 octadecenoic - -
(1;40) - cis 12 octadecencic 23,6 - 12-13, 9-10

Psble XITh

Degree of desaturation of labelled precursors by & microsomal fraction of hen

Liver

¢is 12- Octadecenoic acid is also desaturated - this system to
give cis, cis liroleic acid slthough not to the same extent that steareate

is desaturated to oleate. Although unlike bonds in the 7:8 and 11312 position

which give no desaturatjon, the bord at.the 12:13 position does not completely
prévent desaturation but it does reduce its efficiency. This secondary effect
is probably due to the bend in the molecule caused by this double bond reducing
the binding efficiency of the substirote to the enzyme surface by reducing the
total London di.spersion force, Another possible explanation is the simple

| steric factor thét the bendin the molecule produced by this double bond makes
interaction betwsen the desaturase active site and the D-9 and D-10 hydrogsn
atoms of the substrate more difficult. "

S

The production of linoleats by the action of the 9:10 monoens

desaturase on cis 12 -~ octadecenoic acid has besen noted in Chlorellsa vulgaris,
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the picrosomal fraction from the mammary gland of a fully lactating goat and
the microsomal fraction of hen liver, This result in these three systems l1s
of congiderable interest for the reasons outlined above, waever,.the last
two are particularly importént for fhay.repreéent known cases‘of>animal systems
synthesisine in situ an essential fatty acid from which they can-ultimately
fofm'prostaglandins. - Normally, linoleic acid and thehce arachidenic acid
cannot be synthesised from any other animal product and has to be taken in
the diet., This result is not only of great academic interest but it has
potential commercial possibilities as an alternative means of supplying
essential fatty acids for animals., The ouly point of reservaticn is that the
sffect of large amounts of cis lZ2-octadecenoic acid in the diet 1s unknownﬁ
| élthough the hen liver system incorporates it inte lipids to the same extent as
oleic acid, Teble XIV, If it has no harmful effects, the inclusion of
cis l2-octadecsnoic acid in the diet of animals or men could substitute to
some extent for linoleic acid, Since it is likely that this monoencic acid
¢ould be syntheéised industrially more easily than linoleic acid, these results
-may be of aubstantial commercial importance. |

. The fact that cis 7-octadecenoic acid and gis ll-octadecenoic scid
are not furthér desaturateg ghowg fhe prefound effect of a double bond se closa
to the active site, see T#ble XITb. However, these acids are éctivated and
incorporated into polar lipids, Table XIV, as effeotively as oleic acid.

In the second exPerimént with thé series of acids C10 - C19,
although the overall amount of desaturation wﬁs less thaﬁ in'the first series,
the results wore identical in relative terms, Table X111 and Fig IX. Here it
is shown %hat the total lipid incorporation is always greatér than the amount
of desaturation but follows the same chain length pattern, Fig.JX. The amount
of desaturation product in the frese fétfy acid fraction and in the polar lipid
fraction is shown in Fig,X. Helf of the shorter chain length acids tend to

remain in the free form after desaturation, whersas the longer chain acids have

mich greater tendency to become bound into lipids. This is further evidence
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the microsomal fraction of a hen liver.




fur the existence of two engzymes with the c¢hain length specificities cutlined

_before. .
Precursor ;éo;:]s:a 5. %ég:oiri:;‘- % De'sai{?ti-o_ % 100 | . % as monoens i
_Polar Lipid{ % Polar Lipid in FFA {Polar Lipid
(lu"c)-decanoic 3.1 Bk o 36.5 3.6 | 1.0
(1148)-dodecanoic 5.5 . 8.6 | 64,0 5.9 2,0
(1MG)-‘tetré.decanoic 9,9 19.5 _ 50.5 9.1 11.5
(ZMC)-penta.decanoic 3.9 140 27.8 3,1 5,6
(lmcj-hexadecanoic U3 23,8 62.0 7.8 24,6
(1y+0)-heptadecanoic 16,7 25.2 66.4 6.1 37.8
(J.lh'C )-octadecanoic | 18,2 27.2 67.0 : 5.0 39,0
(246 )-nonadecanoic | 7.2 12,5 60.0 3.9 1 13.0

Table XTII

Degree of desaturation of labelled saturated precurser in total acid in the

individual free fatliy acid and polar lipid fractions of a microsomal preparation

of hen liver

" In the investigation of the fates of exogenous (free) monoenoic

fatty acids all the added labelled moncenoic acids were found to be activated and
incornorated into polar lipids, Table LIV, whereas when stearoyl CoA was
incubated with the system labelled oleic and stearic acid wers found in both the

polar lipids and the free fatty acid fractions, Table XIV. All the sbhove data

involving the fate of acyl. groups in this system suggest that the metabolic path-
ways illustrated in Fig XI are dp’erative.-

- Assﬁming that these pattweys are correct and that the masses of the
activated acyl groups are negligible compared to the masses of the lipids and
free fatty acids, then applying simple algebra, it is possible from the thres

. measurements shown in Table XII to calculate the ratio of desaturated ecid from
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the added label on 1ipid to desatureted acid from tle added label which occurs

freec.

This ratio for e&ch chain length has besn plotted, Pig XII anﬂ. shows

that the optimim chain length for the desaturated label to occur bound into o

polar 1ip1d is 18 which conf‘z.rms quantltat:.vely the facts which appeared

qualitatlvely in Pig X,

;

Procursor f Dosaturation % Polar | F "0 | o o, |5 monoons
+o P Polar Lipid _
(1”*0 )g;g 9-octadecencic - 22.5 100.0 7L.51 100
1 ¢is T-oCctadecencic - Mo v | .

T ets T-octadscenod 18.7 100.0 73.7] 100
(114 )eis I11-octadecenoic - 19.5 100.0 72.97 100
' ' {26 3.

(111"0)'9-:1_:_.:3_ 12-octadecsnoic F4 21.7 5 73.0 &:ﬁg ‘

(1:“*0) Stearoyl CoA 25.8 32.6 38,1 5,2 11.3

Table LTV

Degree of desaturation of labelled prescursors in total and in the individual free fatty

acid and polar lipid fractions of & microsomal preparation of hen liver.

of the same chain length with chain length, Fig VIII, shows & depression at €15

The graph of the conversion of saturated precursor to 9:10 moncene

which suggests the preserce of fwo enzymes one for Cl0 - Cl4 the other for

Cl4y - C19.

Certainly the low desaturation at €15 is not an experimental error

since it was reproduced some six times and is corroborated by the results of

Johnson

2k

working with thé same system.

It is just possible that this C1l5 chain length is discriminated

.ageinst on arnother ground and ore explanation of it might lie in the binding of

substrates to the Bovine Serum Albumin,

If for some reason pentadecanoic acid

is bound more strongly then the other acids this could explein the lower

desaturation and lipid incorporation velue,

desaturation with chaln length would then become typical of a one enxym sysiem
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rising stesdily to an optimm value at (18,

Goc:dmaam252+ and Reynolds et a1255 have investigated the binding of fatty
acids to Albumin and have discovered three different classes of site on the
alburen moleculs _where‘ fatty acyl groups can be attached. In the first site
~ the acyl gioups are bound most tightly and usually there ars two acyl groups per
albumin molecule. Thé secondary sites have a smaller binding force and hold
4 « 6 fatty acyl residues whilst the third class of site which has the smallest |
binding force tends to have & larger less determinate mumber of acyl groups.
Table XV shows Goodman's values of the association for the even nuni};éféd fatty

acids for each of the three types of binding site.

| t 1

Falty Acid Anion k1 ko ! k3
i 4'—

octancate * S - 5x 10 . -
decancate * - 6 x 10,* -
dodecanocate 1.6 x 106 2.4 x 105 6.0 x 102
tetradscancate _ 40 x 106 ) 142 1 6 2 x 102
hexadecanoate 6.0 x 107 3.0 x 10° 1 x10°
octadecancate 8.0 x 107 8.0 x 10° 1 x 10

Tableg XV

The Apparent Asscociation constants for the interaction of luman serum albumin

with fatty acid anions at pH 7.5

* T'hese results are due to Reynolds et a1255.

Although there is a gereral increase in binding force with the increase
in chain length due to the increased number of short range non specitfic van der
Waals interactions between the non polar portions of the binding ion and the
non polar side chains of th;a albumin molecule, Goodman suggests that there is a -
great deal of structural specificity for individval chain lengths as well as

this general effect, No data for pentadecancic acid is available and Goodman's
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data is for luman serum albumin and although there is no evidence to suggest the
overall ploture is not the same in bovine serum albumin, an experimeht was done
to investigate the precise effect of the bovine serum albumin in the hen liver
system,

The homologeus series of fatty aclds was again incubated with a
microsomal preparation of hen liver and a duplicate series of experiments were
done in which ths added fatty acid was merely suspended in waﬁer to which Tween
20" had been added instead of being suspended on bovine serum albumin in the
normal way. The results appear in Table XVI{pnd—Eig—ﬁiI) The se results show
a general reductionhin the amount of désatuzaticn by a facter of shout 15 - 2%
at all chain lengths, although & study of the ratios of the two sets of figures
shows that the increase in desaturation with the addition of Bovine serum albumin
decreases as the binding force increases i.e. with chain length, Despite this
the overzll pattern of dessturation with chain length is the same both with and
without the albumin, Pentadecanoic acid especially gives its characteristic
lower value in both cases showing that any reason for its lewer value is not to

be found here.

Precursor With%;sﬁs?mr%ﬁﬁ?ut BSA | metso %ﬁ 100 |
(llhc) - Dodecanoic 51,0 34,0 _ 66.7
(%) - totradocanoie 80,6 55,0 68.7
(EILC) ~ pentadscanoic 59.5 9.0 | 71.5
(1%0) - mxagecanoic 73.0 55.5 7.0
(lth)‘- heptadecanoic | 79.0 64,0 81.0
(1140)‘— octadecancic 83.0' 66.5 80.0
(21AC) - nonadecanoic 64.0 | 50,0 78.0

Table XVI

Effect of bovine serum albumin nn the degree of desaturation of saturated

Drecursors in & microsomsl fraction of hen liver,
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A fima] study into the rates of desaturation with chain length was

undertaken to see whether the overall figures for the degree of desaturation

represented the true initial and contimuing rates of desaturation or whether

the initlal rates were similar but that for some reason 2 chain length specificity

for lipid formation, for example, caused a particular chain length to c¢ease being

desaturated as its requirsment ceased.

This is of special interest since the

requirement for ciz 9 pentadecenoic acid will be less than either myristoleic

or palmitoleic and might explain the reason for the low values of the penta=-

decanoic figure,

Though less likely, if this were the case the overall figures

quoted throughout this section would have a diffirent meaning and would, in

fact, represent the requirement of the system for give:n monoenoic acids.

Pipe % Tesaturation Ratio

(mins) (lth)-Tetradecanoic | (?140)—Pentadeoanoic (IFAC)—hexadecanoic %%% 1
5 | 31.0 22,0 29,3 0.7
10 ‘ 42,0 30,0 40,7 0.71
20 55.0 37.6 i 53.5 0.68
30 64.5 42,5 63,0 0.66
60 68.0 51.7 65.0 0.76

120 72.0 52.2 66,2 0.71

240 76.0 53.3 68.2 f 0,70

480 79.0 56.0 70.0 0.71

Tahle XIVIT

Rate of desaturation 8t various times of saturated precursors by a microsomal

fraction of hen liver,

Thus the amount of desaturation produced by myristate, palmitate and

pentadscanoate was measured after given periods of time and the individual rates

of desaturation at sll these times were measired.

The figures appear in

Table AVIT and the myristic and pentadecanocic graphs appear in Fig XIII.
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 From these results it would appear that the fall off of enzyme

activity is exponential with time with the majority eof dssaturation produced
unﬁer-these conditions in the first 30 mins, The initial rates of dESaturation
andriﬁdeed the rates at all the times during the exPériment, are in the same
ratio {see ths given myristic - pentadecangic figures, Table'XVII).and equal to
~ the ratio of the final samples. This proves that at all times dﬁring the 1life
af the enzyme, the specificities indicated by the usual final sample.afe in
antion and that the figures quoted throughout this section are a feflection of
the rates at any given time during the enzymic activity.
Lonclusion

Much knowlicdge ebout the effect of bovine serum albumin, rates of
desaturation, 1ipid involvement in desaturation and metabolic pathways in general .
hes been learned from the results in this secﬁion and are discussed in the
preceeding pages. There is no reed to restate them here but it would be ﬁseful
ts bring out the points that have a direct bearing on the specificities, the
steric envirbnment and the interaction of the fatty acyl substrate and the
_engymes respolsible for the introduoction of the first doubie bond in tnese systems,

Isclation of the pure crystalline-enzyme followed by & precise X~-ray
study will provide the ultizate dats about tﬁe struc ture of the desaturase and
enzyme-substrate complex, However, since this does not seem possible in the
foreseeable future, indirect studies of the desaturase yields knowledge about
its structure and relationship with the substrets. This section describes
several Investigations and would indicate the following situation.

56, 257 have postulated that the active desaturase

Morris and Jam3s2
site may be a strafned -S-3- bridge between two peptide chains which, on
interaction with the substrate molecule, are converted to two sulphydryl groups.
The release of strain between the chains provides the energy necessary to perform
the reaction and to expel the substrate from the site., This theory has the
adventage that the -S5-5- bond distance is of the right order to undergo such a

reaction and it would explain the inhibitory action of SH reacting compounds
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8.g. iodo&cetamide..

The highly specific position of desaturation in a given species clearly
involves some specificity of attachment other than just randomly by London
dispersion forces. In addition, some feature of the system ensures that it is
always the D? and D10 hydrogen atoms in stearic acid that are situated in such
a position as to interact with the hypothetical disulphide bridge. The work
described in this section suggests that the positicnal specificity is brought
about either by the direct attachment of the carboxyl group of the substrate
to the enzyme either directly or by a specific association of the CoA or ACP
activating group with an "attachment™ site un +h¢ enzyme in such a position as
to bring the D9 and D20 carbon atoms of the substrate into action with the
dsnrturase site, This ccours irrespective of the mmber of methylene groups
tsyond the tenth carbon atom. However, in general with enzymes capable of
accepting the Jonger chain lengths (17, 18 and 19), there is a secondary chain
length effect which suggests that desaturation is more favoured as the chain
length increases, This is interpreted as being due to the fact that as the
chain length increases, so does the London dispersion forces which hold the
substrate to the enzyme surface. Thus myristate is much less tightly held to
the desaturase then is stearate and hence the reaction at the active site is
less favourahle,

This is alsc illustrated by the fact that gls ~ 12 octadecenoic acid
is desaturated but not as well as stearate. In other words, the primary
specificity is satisfied but the secondary effect finds that the bend in the
chain at 12i{1J position rendsrs the actual binding of the molecule to the
substrate less favourable, S,

In the dase of the cig 7 octadecencic and ¢is 11 oétadecenoic acids,
the fact that desaturation is completaly inhibited could be due to the steric

effect of the actual desaturage centrs being too far removéd from C9 and C10 by

the bend in the molecule being so close. Alternatively, being in conjugation

with the aotﬁ&l hydrogen atoms which would be removed, it is more liksly that
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the chemistry of the deseaturation is affected.

The increase in desaturation with chain length reaches a maximum at
C18 and falls off, in some cases drematically, with the addition of one
further carbon atom in nonadecancic acid.

This is probably due to the position of a steric block, e.g. &
zide group on the enzyme surface interacting with the terminal métlﬁl group.
Thi_s would ternd to 1ift the substrate moleéﬁ;l.e of f of the enzyme sﬁrf‘ace
. and hence weaken the binding forees. This is_ also ;i._ndigated by the: fact
that 18-nonadecenoic acid is desatui‘:atéd almos* ;s ﬁell as stearate and
this is discussed wore fully on (page 77 ).

Thus ,. in the formation of & monoenoic acid from a saturafed precursor,
tiie position of the double bond depends on the distance from the carboxyl
~end of the molecule which is attached to the enzyme and the rate of desaturation
depends on the strength of the combined binding forces between the enzyme and

the substrate.
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EXPERIMENTAL

Materials
In this section all solvents used were redistilled before use and
all chemicals used were of the analytical grade.
The specific activity of all :radicactive substrates used was
approximately 40 mC/mM and where syuihictic materials have not been used
he precursors were supplied by the Radiocheﬁical Centre, Amersham, Bucks,
All radiocactive precursors were dispersed in distilled water containing a
small amount of.sodium carbongate. 1 drop of & 10% aqueous solution of Tween:
20 was added and ultrasonication used to aid dispersal., The concenfration
of each radiosubstrate was thus made up to 1Cuc 1ml.
Radiochemical Gas liouid chromatography

48
Throught this thesis reference is made to radiochemical gas liquid
i

chromatography (RGLC) with little detail given. The radiochemical gas liquid
chromatograph is an instrument that separates, quantitatively detects and

e

racords both the mass and the radicactivity of compounds labelled with
ard capable of separation on normal gas-liquid chromatograms. The instrument
referred to throughout this thesis is a radiochemical gas liquid chromatograph

200, 258

based on the original design of James and Piper later modified by

James and Hitchcock.zfg

The basic principle of the instrument is that the components
emerging from a conventional gas liquid column are converted to carbon dioxide
and hydrogen., The mass of the products is estimated by the response of a
Katharometer detector to the hydrogen in the gas stream and the radiocactivity
counted as lhc carbon dioxide in & proportional gas flow counter,

The sample is introduced to the column by pipetting & solution into
a small loading tube and evaporating off thé solvent. This loading tube is
then placed at the top of the column where the sample is volatilised at the

temperature of the column and is carried on to the column by the stream of

carrier gas flowing through the loading tube.
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The columns used were normally packed columns of FFAP which is a

polar stationagry phase obtaéined from Varian Aerograph AG, or SE30 which is a
methyl silicone gum rubber stationary phass having non polar characteristics,

At the end of the column is a faurnace tube to combust the eluted
materials to carbon dioxide and water. This tube is half filled with
copper oxide to oxldise the materials to carben dioxide and water and the
sacond half of the tube is packed with iron filings to reduce the water to
hydrogen,

The Katharometer is sensitive to hydrogen in argon and detects the
nass of materials in this way and the message is passed to a 1lmV reco.rder
where a trace is obtained.

After pagsing through the Katharometer the effluent gases have
carbon dioxide bled into them to give a concentration of 5% carbon dioxide
in &rgon,

This mixture then flows through a proportional counter tube the
signal from which is passed to a ratemeter and hence to a 1 mV recordsr,

Ths output of the ratemeter can be presented as a differential

record or electronically integrated.

The sensitivity of this instrument is sush that it v}ill detect
1 ne 'u"C with ~ase as a differential record and 0.1 nc with ease as an
integrated record, counting efficiency being 100%,

| The Katharometer response is linear from 1 - 500ug., Once the
response to a masﬁer compound is known the response to any other compound,
can be calculated from the molar hydrogen yield relative to that master
substance, Some typical traces are shown on the next page.
Scintillation Counting

Unless it is reported to the contrary, ell seintillation counting
has been done in 0,4% P.P.0. in toluene solution and counting has been on the

Packard 4000 series Tri-carb liquid scintillating spectrometer set to count

for 10 mimutes or 20,000 counts, P.P.0. is 2,5 diphenyl oxazole seintillation
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fluid supplied by Packard.

Radiochemical Thin laver Chromatography Scanning

The scanning here was done on either a prototype instrument designed

anrd built by James et aszQH'on & commercially adapted version of it. The
latter was the panax RTLS~1 with 2 proportional counter tube of dead time
20usecs, a time constant of 3 seconds and a carrier gas of 2% propame in
argon,

The basic principle of both these machines is that a proportional
counter tube with en open slit (10 x 1 mm) is placed about lmm above the )
surface of the thin layer plate which is traversed slowiy under the slit,
The pulses are once more fed via a ratemeter to & lmV recorder, the chart
paper of which travels at the same speed as the plate, where they are
displayed either as an integrated trace or a differemtial record. An
example of the use of tﬁis instrument is shown on the next page.

Experiment 1 To determine the extent and prsition of desaturation of

various saturated fatty acids by a microsonmal preparation from the

mammary glund of a fully lactating soat.

Mammery gland tissue (17.0g) was obtained surgically from a fully

lactating goat, Care was taken during all the fellowing procedures

inclﬁding the centrifugation to keep the tissue and reagents below 5%,

All solutions were chilled and all operations were carried out in a cold
room at sbout +2°C. The tissue was minced with sharp pointed scissors and
washod with sucrose-EDTA tris buffer adjusted to pH 7.6 {50 mls) to remove
tre milk., The washed tissue was then homogenised with sucrose EDTA tris
buffer adjusted to pH 7.6 (B0 mls) using a Potter homogeniser. This
homogenate was éentrifuged for 6 mins iﬁ a Serval centrifuge at 8,000 rpm.,
The supernatent from this spin which removed the cell debris waé centrifuged
again for 10 mins at 12,000 rpm with a AH 50 head using a MSE super 40

centrifuge, This process removed the mitochandria, The supernatent was
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once more centrifuged this time at 40,000 rpm for 40 mins., This spin

produced a microsemal pellet and a particle free supernatent. Both these

matérials were isqlated and kept at low temperature (OOC). The microsomal
pellet was rehomogenised in 25 mls buffer using a small Potter hand
homogeniser. |

The complete isolation procsdure is ;hown diagramatically below

Goat Tissue

(i) Minced

(ii) washed with buffer (50 nls)

Washed Sediment

(i) homogenised

v
Homogenate
J, 8000 rpm for 6 mins
DEBRIS

‘L 12,000 rpm for 10 mins
MITOCHANDRTA

,L 40,000 rpm for 40 mins

MICROSOMES :
PARTICLE FRER
SUPERNATENT

The sucrose tris EDTA buffer used was 0,25M Sucrose, 3M tris and

5M EDTA adjusted to pH 7.6 with sodium hydroxide,
Nine trahsmethylation tubes were set up each containing the follow-

ing cofactors dissolved in distilled water.
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Cefactor Concentration Amount/tube (mls}

phosphate Buffer 0.5M pH 7.4 _ 2.5
ATP 200 mi 0.1
Coh 2 mM 0.1
Mgll, 200 Y 0.1
NADH 10mgm/ml : 0.1
NADPH _ 5 mgm/ml 0,1
WATER - 3 mls,

To each of these tubes was added a substrate preparation made up
of 100 ul of substrate suspension (= luc), 0.1g 1 ml bovine serum albumin
solution {300 ul) and phosphate buffer pH 7.4 100ul, |
The substrates used in this experiment were (1140) - decanoic,
(llhc) ~ dodecanoic, (1140) - tetradecancic, (2IAG) - pentadecanoic, (llhc) -
hexadecanoic, (1140) - heptadecancic, (lth) - ostadecanoic, (2140) -
nonadecanoic and (llhc) ~ cis 12 octadecenoic.

A second series of nine tubes were set up exactly as above except
that the 3 mls of water was replaced by 3 mls of the particle free
supernatent, |

To sach of the eighteen tubes was added 600ul of the microsomal

preparation ard oxygen gas was bubbled through for 1 minute, The tubes
were then sealed and incubated at 37°C for 1 hour in a reciprocating water
bath,

Termination of the incubation

At the end of the incubation period the whole of the incubation
medium was poured into 2 : 1 w/v chloroform methanol (50 mls) and ellowed
to stand for 1 hour to extract the lipids and precipitate the protein
material. This method of ending incubations was used in all cases and the

detalls will not be referred to again during this section.
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Extraction of the lipids

This procedure which is a modification ef that used by Folch et

261
al and was used exactly as below for all the incubations performed in

this_thesis.

The incubation medium quenched by the addition of chloroform
methanol as above was filtersd to remove any precipitated material. The
filtrete was transferred to a separating funrel and 0,79% saline (15 mls)
was added and the whole shaken. Two layers separated on standing and the
bottom layer was collected in @ flaski The upper layer was once more shaken
with chloroform (20 mls) and the lower layer added to the flask containing the
first extract, The solvent was removed from this flask at the pump to yield
the extracted lipids which were dried by azeotropic distillation with ethanol,
The lipids thus extracted were aissolved in 2 ; 1 v/v chloroform methanol
(5 mls) and stored at -30°C,

Transpethylation of the extracted lipids

This methed of convsrsion of lipids to the methyl estersg of their

ccmponent Tatty acids is that used by Nichols and James 262 and is standard

procedurs throughout this thesis.

A portion of the extracted lipids was placed into a 25 ml tube and
the solvent removed at the pump, The lipids were redissclved in a mixture
of benzene, methanol, sulpturic acid, (10 : 20 : 1) v/v/v (5 mls) and
refluxed for 90 mins, After this Vtime the tube was cooled and ether (10 mls)
was added. The ether was then washed acid free with 5 x 5 ml aliquots of
water, The ether was then removed at the pamp and the methyl esters formed
in the reaction dried by azeotropic distillation with ethancl, The esters
wore finally dissolved. in ether (0.5 mls).

Identification and measurement of the radiocactive products

The radiocactive products from incubations were identified by the

injection of a sample of the methyl esters on to a radiochemical gas liquid

- 104 -



chrdmatograph end records of both the mass peaks and the radiochemical

peaks were obteined., By comparison of the retentlon volumes with a
standard run of known esters the radiochemicael peaks were identified.

The relative proportions of the radiochemical peaks were determined by
triangulation,

Separation of the monocenoic products from the saturated precursors

A portion of the ester solution was dissolved in ether (5 mls)
and stresked cn to a 0.25mm silver nitrate impregnated silica plate using
a Desaga sample applicator. The plate was developed with a solvent
consisting of 15% ether in petrol ether, The bands were visualised by
spraying with dichlorofluoroscein solution and illuminating with U.V.light,

The monoene band was isolated and the esters eluted from the
silica with ether., The ether was removed at the pump ard the moncenes
dissolved in von Rudloff's oxidation solutions.

These solutions were made up &s follows:=-

Solution A 25.6 mgn choj
30 ml
20 mls water

Solution B 8 mgm KMHOL,_

427 mgm Nal0,
50 mls water.
The monoenes were first dissolved in solution A (1 ml) and
solution B {1 ml) was immediately adde'ri. The solution was shaken at room
temperature for 2 hours, If during this time the solution lost its pink

colouration equal amounts of both oxidant solutions were added to the
reaction,

| After the 2 hours water (5 mls) wes added and the excess reagents
were destroyed by bubbling sulphur dioxide gas through the solution until
it became colourless,

The products were then extratted with 3 x 5 mls diethyl ether and
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ﬁhe extracts bulked, The bulked extracts were washed acid free with distilled
water (5 x5 mls). The ether was removed at the pump and the products dried by
azeotroping with ethanol, | |

| The dried products were dissolved in methanol (200p1).and an etherval
solution of diazomethane was added until the yellow colouration remiined., The
excess diazomethare and the solvent wes removed at the pump to yield a mixture
of mono and di carboxylic esters which were dissolved in diethyl ether (0.5 mls),

Since the label was in the 1 on 2 position it was only the dicarboxylie

- esters that were radioactive, The radiocactive dicarboxylic esters were
identified by injecting 100ul of the solution on to & RGLC containing an FFAP
column at 230°C. The radioactive peaks wers identified by comparison with
standard dicarboxylic esters run undsr the same conditions,

Investigation of lipid incorporation

In order to investigate the amount of imcorporation into lipids the
original lipid solution (1 ml) was concentrated to 100ul and this solution
pipetted on to a 0,.25mm silica plate drawn into channels lcm wide.  Suitable
lipid standards were also placed on the plate which was developed in 14% diethyl
ether in petrol ether to which had been added formic acid (1 ml),

By association with the formic acid free fatiy acids nigrate as a
discrete spot; otherwise they smear up from the origin,
| After developing the solvent was removed, care being taken to ses that
all the formic acid had evaporated, and the plate scamnned for radiocactivity
on the Panax RILS-1 to obtain a differential recofd or the prototype scanner?60fbr
an integrated scan. The plate was then sprayed with dilute sulphuric acid and
charred at 250°C to allow the spots té be identified by comparison with the
standards.

Investigation of the distribution of labelled precursor and desaturation

product in polar lipids and free fatty acids

The above procedure was repeated except that after the plate had been

scanned the bands corresponding to the free fatty acid and polar 1lipid were
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scraped off, eluted with ether and 2 ¢ 1 v/v chloroform methanol respectively,
and converted to methyl esters with diazomethane or by transmethyletion respect-
ively as described before.

The proportion of saturated precursor and monoeéne pro&u_ced in each
fraction wes determined by RGLC as before,

Estimation of the amount of desaturation that has occurred when the conversion

is low i.,6, < 5%

When the conversion to monoene is small less than 5% errors in
triengulation due to peak tailing and triangulation became large, This was
overcome by running the ester solution on & 10% silver nitrate impregnated
0.25 mm silica plate channelled into 1 cm channels and developing it in 155 ether
in petrol ether, Af‘ter evaporation of the solvent the plate was scanned on an
integrated setting, A second check was dore by scraping off the monoene and
seturated bands, dissolving the fatty esters in 0.4% P.P.0. toluens and counting
the activity on é. scintil'lation counter,

Experiment with a microsomal fraction of hen liver

1, Determination of the optimm requirements of the system

a) To check the mucleotide requirement

A warren hen was sacrificed and the liver (35 g) removed. From the

time of removal until the incubation; care was taken to keep the tissue and
reagents at 0-500. |

The liver was minced with sharp pointed scissors, 0.3 molar sucrose
buffer pH 7.4 (90 mls) was added and ths mixture was homogenised by means of
8 mechanically driven Potter homogeniser, The homogenate this pmpared was
centrifuged at 12,000 xpm for 15 mins. using an MSE super 40 centrifuge.
This process removed the blood cell d;ebris and mitochendria and left a
suspension of microsomes in a particle free supernatent with a f‘atéy layer at
the top which was removed by straining the suspension through muslin cloth,

Six tubes were set up as follows:~-
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Tubes 1 ~ 3
Enzyme 3 mls

0.5M phosphate btuffer pH 7.4 1 ml
CoA 1 mgm

0.1M. ATP solution
O.SM_Lactic acid

- | -

NADH _ 2 mgm

All the above solutions were previously adjusted to pH 7.4 with sodium

hydroxide solution. To each of the six tubes was added a substrate prepared
as follows: (l:u"G) octadecanoic acid suspension (0.2 mls) suspended in 2,54

Bovine serum a;lbumin (4 mls) to which had been added 0.1M magresium chloride

solution (100ul). |

After the addition of the substrate the tubes were gassed with oxygen
for 1 mimte then incubated in a reciprocating water bath at 3700 for 6 hours.

| At the end of this period the r(_eaction was stopped and the lipids
extracted. A portion of the lipids was converted to the respective methyl esters
by transmethylation., A& 50ul aliquot of each of the six ester solutions was
separately injected on to & radiochemical gas liquid chromatogreph with an

FFAP column &t 230°C. The radioactive esters were identified and measured

as before,

The lipid incorporation was investigated by T.I.C, on silica plates
developed in ethsr petrol ether formic acid and scanned as befors, An invest-
igation of the incorporation of label into the individual phospholipids was
performed by following the above procedure except that the developing solvent
was chloroform methanol, acetic acid, water. (85 : 15 : 10 : 3.7) v 263

The distribution of labelled precursor and desaturated product in the
polar lipid and free fatty acids was determined as before and the results

obtained by radiochemical gas liquid chromatography on SE30 at 23c°C.
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b) To check the mass of reduced nucleotides

Co enzyme A and ATP required
A Tarren hen vas sacrificed end its liver (39.0g) removed and a
microsomel suspension was prepared as described in the previous experiment,

Six tubes were set up as follows:~-

Tubes 1 = 3 Tubes i ~ 6
Microsomal Suspension 3 mls % mls
0.5M KH2PO,+ pH 7.4 lml 0.5 mi
CoA 1l mgm 0.15 mgm
0.IM ATP - 1l ml 0.2 ml
NADH 2 mgm 1 mgm
NADPH - % mgn

To each tube was gdded a substrate as follows:-

Tubes 1 - 3 Tubes 4 - 6
11‘!"0 octadecanclc 0.2 ml 0.2 ml
Bovine serum albumin L ml (2.5%w/v) 0.6 ml (0.1g/ml)
0.1M Vg Cly | 0.1 ml 0.2 ml.
70.5M phosphate buffer pH7.4 - 0.2 ml,

After the addition of the substrate the tubes were oxygenated for
1 mlmate, stoppered and incubated in a reciprocating w&terﬁath at 3700 for
6 hours, - After this time the lipids wers extracted and a portion of the 1ipid
solution fransmthylated to yisld the methyl esters. The methyl esters wesre
then identified and measured by RGLC on & SE30 column at 230°C, The 1lipid
incorporation was determined by TLC followed by scanning in the ususl way and
the individual phospholipids examined as in the previocus experiment. The
distribution of labelled precursor and desaturated product in the polar lipid
and free fatty acid fraction was determined as before by RGLC of the derived

methyl esters on SE30 at 23000.
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2, - Investipation of the activation reaction;

ai The effect of the mags of substrate on the degree of desaturation:

A Varren hen was sacrificed and & microsomal suspension was prepared from

its liver as before. Six incubation tubes were set up as followsi~

Microsomal preparation  3mls
0.5 KHoPO, pH 7.k 0.5 ml
CoA 0,15 mgn
0.1M A‘TP 0.2 ml
NADH 1 mgm
NADPH ."2- mem

In addition to the usual (ln"C) stearic acid suspension which had a specific
activity of 0.2 pc/ug non radioactive stearic was mixed with this suspension,

A spot of sodium bicarbonate and Tween 20 was added and the whole resonicated to
give specific activities of 0,008 pc/pg and 0.004 po/uz.

1 uc of each of these substrates were suspended on (0.lg/ml) of Bovine
serum albumin solution (0.6 ml). 0.1M Megnesium chloride solution (0.2 mls)
ard 0.5M phosphate buffer pH 7.4 (0.2 mls) were also added., Half of each of
these three substrates were added to 2 separate incubation tube and the whole
oxygemated for 1 mimite, stoppered and incubated in a reciprocating waterbath
at 37°C for 6 hours. After this tine th_e lipids were extracted and & portion
of the 1ipid solution transmethylated to yield the methyl esters. The methyl
esters were identified and measured by RGLC on & FFAP column at 230°C.  With
the 0.2 pc/mg and the 0,004 uc/mgm semples the mass charts from the above RGLC
runs were triangulated to estimate the actual mass of oleate produced.

The’i 1ipid incorporation and the distribution of labelled precursor and
desaturated product in the polar 1lipid and free fatty acid fractions wes
determined as in the previous experiments,

b) Ihe Effect of enzyme concentration on desaturation

Using the enzyme scurce prepared in the previous experiment six tubss

were set up as follows:-
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Enzyme Source

0.3 Sucrose Buffer
0.5 KHZ POL,,

CoA

0. ATP

NADH

NADPH

Tubes 1 and 2

Tubes 3 and 4

Tubes 5 &nd 6

3 mls

6 mls
0.5 mL
0.15 mgnm
0.2 ml
1 mgm

0.5 mgm

6 mls

3 mls
0.5 ml
0.15 mgm
0.2 m
1 mgm

0.5 mgm

9 mls

0.5 ml

0.15 mgm
0.2 ml
1 mgm

0.5 mgm

To each of these tubes was added & substrate consisting of (IMC) -

octadecanoic acid suspended on {0.1 g/ml) Bovine serum albumin (0.6 ml) to

waich had been added 0,1M magne sium chloride {0.2 mls) and 0.5M phosphate buffer

pH 7.4 (0.2 mls). The contents of each tube were oxygenated for 1 mimte and

the tubes stoppered and incubated for 6 hours at 37°G in the usual way. The

re2ction was stopped and the lipids extrected as before.

Half the 1ipid sample

wa s transmethylated and the methyl esters formed were identified and measured

by RGLC on an¥FFAP column at 230°C.

by TwL.C. and scamned as in all previous experiments.

The 1ipid incorporation was investigated

3., Investigation of the trensfer of exogenous moncemoic fatty acids and the

immediate preducts of de saturation in this system

a) Exogenous moncenoic fatty acids

A Warren hen was sacrificed and a microsomal suspension was prepared

from its liver &s before.

Eight tubes were set up containing enzyme source

ard cofactors as in experiment 2a (page 107 }« The substrates used in this

experiment were the isomeric monoenes (1140) cis 7 octadecenoic, (111*0) -

cis 9 octadscencic, (1MC) - ois 11 octadecenoic and (111"0) - cispoctadecenoic

acids, These were suspended on bovine serum albumin as before in experiment

2b (page 109. After the addition of the substrates the incubation medie were

cxygenated for 1 mimte and incubated at 37°C. for 6 hours,

The reaction was

quenched and the 1lipids extracted in the usual way and & portion of the lipids

transmethylated, The methyl esters were didentified by RGLC on an FFAP column
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at 23000. The lipid incorporation was investigated by T.L.C. followed by
scanning in the usual way.

The methyl esters were subjected to silver ilon chromatography to
separate the moncenoic esters from the dienoic esters,  The conditions for
this separation are idemtical to those used to separate the monoenoic esters
from the saturated esters (page 109).

| When the monoenoic esters and the dienoic esters had been isolated they
217

were separately subjected to von Rudloff's oxidative cleavage as hefore

(page 105).

b) [The immediste products of desaturation

The enzyme source produced in the above experiment was incubated for
2 hours at 37°C with (lMC) stearoyl coenzyme A thiolester*(lEpg) and NADH (_lmgm).
The reaction was quenched in the usual way and _thq 1lipids iextracted. Half the
lipid sample was trensmethylated and the resulting methyl esters identified and
measured by RGLC on an FFAP column at 23000.‘ The lipid incorporation was
investigated by T.L.C. The amount of desaturated product and labelled
precursor in the polar lipids and free fatty ap_id fraection was determined in
the usual way,

b, [To_determine the effect of chain Jength of substrate on the extent and

position of de_satufation in a microsomal preparation from the liver of a len

A Warren hen was sscrificed and the liver (57.5g) removed. From the
tims of removal until the incubation, care was taken to keep the tissue and
reagents as cold as possible,

The liver cobtained wes minced with sharp pointed scissors and 0.3M
sucross buffer pH 7.4 (100 nl) was added. The above mixture was homogenised

by means of a mechanically driven Potter homogeniser. The homogenate thus
prepared was centrifuged at 2,000 r.p.m. for 15 mimites using an M.S5.E. super
40 refrigerated centrifuge.

This process removed the blood ¢ell debris and microchondria and left
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& suspension of miorosomes in a particle free supernatent,

The supernatent from this spin was strained through mislin to remove
the layer of fat which had collected on the surface during the spin and recentrif-
uged.lat 30,000 r.p.m. for 90 mimtes,

This spin produced a microsomal pellet and 2 particle free supe rnastant;
Boeth these materials were isolated and kept at low temperature, (OOC).

The microsomal pellet was rehomogenised in 0.3M sucrose buffer pH 7.4
(25 nl) using & small Potter hand homogeniser,

The complete Isolation procedure is shown diagramatically below.

HEN LIVER (37.5g)
(i) Minced with 0,3M sucrose

buffer pH 7.4
(ii) Homogenised

HOMOGENATE

12,000 r.p.m.

15 mins
Blood cells ' SUPERNATENT
cell debris 30,000 r.p.m, 90 mins,
mitechondria
Microsomal : Particle free
Pellet supernateht

Nine transmethylation tubes were set tup and to each was added the following

corfactors dissolved in distilled water:-

Co-factor Amount
Microsomal suspension ' 1ol
0.54 KH, PO, (pH 7.4) 0.5 mls,
Coh 15 nmgm
0.1¥ ATP 0.2 mls
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~Co-factor Amount

NADH 1 mgm
NADPH % mgm
0.3M Sucrose buffer pH 7.4 3 mls

100 pl of substrate suspended on bovine sérum albumin to which had been added
magnesium chloride and phosphate buffer as in experiment 2b, The substrates
used in this experiment were (1140) - decaneic, (1140) - dodecancic, (1140) -
tetradecancic, (211"0) - pentadecanocic, (l:u"C) - hexadecanoic, (lll"G) -
heptadecanoic, (112"0) - octadecanoic and (ZMC) - nonadecenoic acids.

Another set of eight tubes were set up exactly as above except that
the 3 mls of sucrese buffer waes replaced by 3 mls of the particle free super;

natent. Also a last tube was set up containing the microsomal suspensien (3 mls),

To each of these tubes was added a substrate preparation made up of
NADH (1 mgm) and (1M4C) stearoyl coenzyme A thicester (15ug)*.  All the tubes

were serated for 1 mimute with air containing 70% oxygen‘za'”, the tubes stoppered
and incubated at 3700 for 6 hours. The reaction was stopped and the lipids

extracted in the usual way. Half the lipids were transmethylated in the normal

way and the rediocactive esters identified and measured after injection of a

portion on to & RGLC containing an FFAP column at 230°C. The momoenoic fatty
esters were iselated from the rest of the ester soclution by silver ion
chromatography and the esters subjected to oxidative cleavage by von Rudloff's
technique. (see page 105). Comparison of the RGLC trace of the resultant
dicarboxylic esters injected on to a FFAP column at 230°C with a standard run
of known esters, allowed the monoenoic ester band position to be determined.
The 1lipid incorporation was determined by T.L.C. as before and the
amount of l1abelled precursor and desaturated product in both the polar lipids
and the free fatty aclds determined by the RGLC on SE?0 at 23000 of the methyl

esters prepared from them.
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5 To Investigate the effect of Bovine Serum Albumin as substrate carrier,

on desaturation

A white shaver hen was gacrificed, its liver removed, and a microsemal

suspension prepared &2s in experiment 2a. Sixteen tubes were set up as follows:=

Tubes 1 - 8 Tubes 2. - 16
Enzyme source 3 mls 3 nls
0.5M KH,PO, 0.7 mls 0.5 mls
Coh : 0.15 mgm 0.15 mgnm
0.1M ATP ‘ 0.2 mls 0.2 mls
NADH 1l mgn 1 mgm
NADPH % ngn  mgn
0.1M Magresium chleride 0.2 mls -
Radioactive Substrete 0.1 ml -

To tubes 9 ~ 16 were added substrates prepared as before (see
experiment 2b page 109 ), The radioactive substrates used in this experimsnt
were (111"0) - decanoic, (lv‘LC) - dodecenoic, (111*0) ~ tetradecanoic, (ZMC) -
pentadecanocic, (111"0) hexadecanoic, (I.MC) - heptadecanoic, (lu"G) -

I,

octadecancic and (27'C) - nonadecanoic acids. All the tubes were aerated

for 1 mimite with 70% oxygen in air end incubated as usual for 6 hours at 37°C.
The reaction was quenched and the lipids extracted as usual,  The lipids were
transmethylated to yield their corresponding methyl esters and these esters
jdentified and measured by RGLC on an FFAP column at 230°C.

6. To investigate the effect of chain length on the rats of desaturation.

4 white shaver hen was sacrificed and a microsomal suspension produced

from the liver in the usual way., Three tubes were set up &s follows:-

Enzyme Source - 6 mls
0.5H KHp PO, 1.0 m
CoA 0.3 mgnm
0.1M ATP Oub mls
NADH 2 mgn
NADPH 1 mgm
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The substrates were set up as follows;~

Radicactive substrate 0.5 mls (= 5 pc)

O.lg/ml Bovire serum albumin 0.4 mls

0.5M phosphate buffer 0.2 mls

0.1M magnesium chloride 0.2 mls

The radicactive substretes used in this experiment were (1]#0) -
tetradscanoic, (2140) - pentadecenoic and (1”*0) - hexadecanoic acids, The
incubation media in the tubes were aerated for 1 mimte with 70% oxygen in
air and the incubation was begun at 3700. Samples of 0.5 mls of the incubation
medium were removed after 5 mins, 10 mins, 20 mins, 30 mins, 1 hour, 2 hour,
4 hours and 8 hours, As each sample was removed it was quenched by addition
to 2 : 1 v/v chloroform-methanol (20 mls) in the usual way, The lipids were
extracted and transmethylated to give the corresponding methyl esters v:hj.ch
were identified and measured by RGLC on an FFAP column at 23000.

7. To Investigate the effect of & terminal double band on the amount of

desaturetion

The microsomal suspension from the liver of a shaver hen was prepared
as in the previous experiment, Five tubes were set up containing 3 mls of this
suspension and cofactors as in experiment 2a. Radiocactive substrates were
suspended on bovine serum albumin with magnesium chloride and phosphate buffer
added as in experiment 2b., The radiocactive substrates used in this experimnt
were (111'0) - hexadecancic, (1”*0) ~ heptadscanoic, (IMC) - octadecencic,
(211"'6) - nonadecancic and (1”*0) ~ 18 noradecenoic acids. The incubations
wore carried out exactly as before and after the reactions had besn gquenched
fhe lipids were extracted and traﬁsmettvlated as before. Ah aliquot of the
methyl esters was injected on to a RGLC conteining an FFAP column at 23000.
The radioactive esters were thus identified end measured. In the case of
the esters from the incubation with (lu"C) - 18 nonadescencic acid they were

a7’

oxidatively cleaved by von Rudloff's technique and the position of the

double bernd determined as before.
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Experiments with whols cell cultures of Iopulopsis apicola

1. Effects of chain length on degree of desaturation

A culture of Torulopsis apicols was grown from a dried culture in

50 mls of the following medium for 24 hours at room temperature and then the
whole transferred to 500 mls of medium in & 2 litre flask equipped with a

glass tube to allow the contents to be aerated, This incubetion was carried
out at room temperature under contimous illumination for 2 = 3 days by which

time a healthy growth had been obtained.

The medium used was as follows:=

Glucose 100 gm.
Yeast extract 5 gm.
Urea 1 gm.
KH2 P01+ 1 gn
Mg 304 7H20 3 gm
Metal concentrate lml
Water to‘ 1 litre

The pH of this solution was adjusted to 5.8.

The metal concentrate was made up as follows:~

Fe Soh_ 7 H20 0.1 gm
Cu 50, 5 B0 0.075 gm
Zn SOL 7 H20 0.1 gm ~
Mn S0, 4 H,0 0.1 gm
Kp M, O, 0.01 gnm
Water to 100 mls

1 ml of dilute HC1l was added to give & ¢lear solution,

After 2 = 3 days when the culture was growing vigorously 5 ml aliquots
were removed &nd placed in eight incubation tubes. To sach of these tubes
was added a radiosctive precursor suspension (0.1 ml), The radioactive
substrates used in this experiment were (1“*0) - decanoic, (llb'c) - dodecanoic,
(1”"0) - tetradscanoioc, (2]‘!*C) - pentadecanoic, (1”*0) - hexadecanoic,

(1¥¢) - heptadecancic, (1#C) - octadecanoic and (24C) - nonadscancic acids.
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The inoubations were allowed to run for 6 hours at 20°C under constant
1llumination from 4 x 4O watt daylight emission tubes. At the end of this
period the reaction was quenched ard the lipids extracted in the usual way.
The lipids wers transmethylated and an allquot of the resulting methyl ester
solution exémined by RGLC on an FFAP column &t 230°¢. TFrom this the
radioactive compounds were identified and measured.

The rest of the methyl ester solutlon was sibjected to silver ion
chromatography to isolate the monoene fraction., Because there was more
than one monoene formod in some of these incubations the required monoens
i.e. the one of the same chain length as the labelled precursor was isolated
by prepsrative GLC on en FFAP column at 230°C.

The instrument used for this and all subseqzzént preparative gas liquid
procedures was a Pye 104 flame Jonisation instrument equipped with a stream
splitter. This allowed 1% to go to the detector whilst the other 99% could
be collected in & trap filled with Ballotini beads wetted with 2 : 1 v/v
chloroform-methanol., Intercharge of these traps allowed different fractions
to be collected.

After collection the required compound was eluted from the trap with
2 :+ 1 v/v chloroferm-methanol, When the reqzlired moncene had been isolated
by this technique it was subjected to von Rudloff's oxidation (see page 105 ).
The dicarboxylic esters obtained after methylation with dlazomethane were
identified by their relative retention volume on RGLC containing an FFAP
column at 230°C. |

2. To investigate the band position in monceres of longer chain lepgth

than the precursor saturated fatty acid.

The above experiment was repeated and (111"0) tetradecancic acid
suspension (0.5 mls) (= 5 pc) was added to the yeast in its mutriert medium
(5 nls) and incubated as before, At the end of the incubation the lipids
were extracted and transmethylated to yield the methyl esters. The moncencic

esters were isolated by silver ion chromatography and then separated into their
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individual chain lengths by preparative GLC as in the previous experiment,
The band positionsof all these esters were separately determined by von

|
Rdloff's oxidative cleavage as before,

.




SECTION ITIL

Studies of the positienal specificities of

enzymic desaturation and hydroxylation of monsensic fatty acids.
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Introduction

With the excepticn of bacteria (Pseudomonodales Bubacteriales and
Actino mycetales) animals, plants and micro organisms form pelyunsaiurated
fatty acids 26k, 266 . This séction is primarily concerned with the second
desaturation to form the dienoic fatty acid.
iencic fatty acids of various chain lengths are known. in which the

two bonds are separated by more than two carbon atoms (Table I below). - Most

of these acids have a double bond which may be either cis or trans in a

position relatively close to the carboxyl group and the other are in a position
more usually associated with the methylene interrupted patterns of desaturation.

Table I Naturally occurring dienoic fatty acids having their bonds separated

by at least two carbon atoms

Acid Sourcs Reference
cis 5 gis 9 hexadecadiencic Dictyostelium discoideum k 267
ois 5 cis 9 heptadscadienoic Dictyosteliun discoidsum 267
eis 5 ¢is 9 octadecadisncic Dictvostelium discoideum 267
cis 5 cis 11 octadecadisnoic Ginkgo biloba 268
trans 5 cis 9 octadecadienoic Thalictrum venulosum 269
cis 5 cis 11 eicosadienoic Ginkgo biloba 268
cis 5 cis 13 docosadienoic Limnanthis douglasii 270
Srans 3 cis 9 octadecadienoic Aster alpinus , 271

Although the majority of fatty acids exhibiting conjugation have more
than two unsaturated centres some conjugated dienoic acids are known e,.g.

trans 10 trans 12 octadecadienoic acid isolated from the seeds of Chilogsia

. 272
linearis by Hopkins -,
Perhaps the most umsual dienoic fatty acid isolated from naturel

sources is laballenic acid I which was isolated from the seed oil of Leonotis

nepetasfolis by Bagby and co-worker3273

other members of the Lablatae 2 7l"Th:i.sv. acld has the structure as shown below

ard since recognised in the seeds of
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with an allene grouping between the fifth and seventh carbon atons,
\ - | /(61-12)3 COOH

cnj(c%)( H

I  ILeballenic scid Lalp = 47°

Apert from the examples cited ebove the vast majorlty of the dienoic
fatty acids which are found to occur raturally have a methylene interrupted
sequence of double bonds, The most common dienoic methylens interrupted fatty
acid is linoleic acid which occurs in all higher plants and animals and is an
essential fatty acid., Besides this acld however several other dienoic fatty
acids of various chain length having & methylene interrupted sequence cof

double bonds are known and examples are shown in table IT below.

Table IT Naturallx occurring methylene interrupted dienclc fatty acids

£is 9 eis 12 ectadecadiensic In many natural fats

cis 9 trans 12 octadecadienols Crepis rubra 275
trans 9 trans 12 octadecadienoic Chilepsis linearis 276
cis 7 cis 10 hexadecadiencic Ginkgo biloba 268
cis 11 eis 14 eicesadiencic Ephedra compylopoda 277

The biléesynthesis of all these dienocic acids occurs undsr asrobic
conditions. Several theories have heen advanced as to the biosynthetic route

9

to the conjugated fatty acids, The allenic acids are alsé the subject of

speculation but 21l the other dienoic acids are the result of asrobic
desaturations although in several cases either ﬁ—oxidafion or chain elongation
has taken place after the actual desaturation.

Despite this meny dienoic fatty acids occur as the; direct result of
the asrobic desaturetion of & moncenoic precursor of the sams chain length,

Although in different systems the same precursor may be desaturated to give &
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different diene product e,g. in Chlerella vulgarls and higher plants olsate is

desaturated to linoleat®/ghilst in the slime mould dictyosPelium discoidem it

is desaturated to cis 5 cis 9 cctadecadiencic acid,z_@n a given system under
glven conditions the same product is always produced. Thus some positional
specificity is seen to be acting and it is the object of this section, amongst
other things, to investigate the factors which control the position of f:hé
second double bond, in particular the features of the substrate molecule.

Two systems, whole cells of Chlorella wvulgaris and the embryo and

endosperm of the beans of the castor plant Ricinis communis,which are known to

produce dienes from monoenses by direct desaturation 280 were studied,

Monocenss of various chain length and bond position were incubated with the above
systems and where dienes were produced the bond position and amount was determined.

281-283 , Yemada and Stump? 281"arxrl Cenvin 28

It has been shown by James
that in the developing castor bean oleic acid is the direct precursor of

ricinoleic acid and furthermore that molecular oxygen and N,A.D.H. are obligatory
cofactors. Since these conditions are exactly the same as those required in the
formation of linoleic acid in the same system it was expected that some synthesis
of an hydroxylated species might be noted during the studies of diene formation
in this system.

Gallirrd and Stumpf3Bve shown that a microsomal fraction of the
imaature beans catalyses the conversion of oleyl-S~CoA to ricincleate whilst
neither linolele ac¢id nor linoieyl-S-CoA was converted to ricinoleate at all, .
This work suggests that the mechanism of ricinoleate formation does not involve
the hydration of limleate even though this is synthesised ét the same time.
However the possibility remeins &f the lﬁrdratioh of an enzyme bound lincleate
species not interchangeable with 2 pool of exogenous linoleic acid or linoleyl-
S=Cod coulci not be excluded.,

280
Morris & however removed any doubt about this enzyme bound theory and

proved that the mechenism was one of hydroxyl substitution proceeding with

overall retention of configuration at the 12 position., In the same work he
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also proved that the stereochemistry of formation of linoleate in this system

is the same as in Chlorells vulegaris,

Since the mechanism of the formation of ricinolei:c acid does not
involve linoleate but is & direct hydroxylation of the parent moncene it -
follows that any specificity of hydroxylation need not be connected with the
specificity ¢f introduction of the seéond double bond, This meens that the
factors controlling the position of the introduction of the double bond are not
necessarily the same as those controlling the position of hydroxylation, In
this section any hydroxylated species formed from the added monoene was isolated
and the position of the hydroxyl group determined separately in en ettempt %o
find out which features of the perent monoens determine the position of
hydroxylation, This work was carried out as an extension of the work by
Gelliard and Stumpf who could obtain no hydroxylation in either elaidic or
cis vaccenic acids, Other moncenes of various chain lengths and bond positions
were incubated with sliced embryos and endospsrms of castor bean and any

hydroxylation or further desaturation noted.

- 12 -




RESULTS _AND DISCUSSION

The work in this section concerns the formation of dienes from
monoenes, In the incubation of saturated precursors with whole cells of

Chlorella vulgaris not only were monocenes formed but also dienes of the

| same chain length., These were formed by direct aerobic desaturation as
proved by the retention of label in the product. The bond positionsof
these dienes were determined by partial reduction with hydrazineljo,
isolation of the resultant isomeric monoenes followed by von Rudloff oxidation
217, to giva the bond position of the original 'd.iene.

In the case of the Chlorella incubations the bond positions and

the amounts of the monoenes and dienes formed is given in Table 1. This

shows the presence of two enzymes, one which seemed highly specific for
converting cis 7 monoenes to 7,10 dienes and another much less chain length

specific which converted the more usual 9-10 monoenes into 9,12 dienes.
The connection between these two engymes may be that of the loss of an
amino acid between the desaturass site and the point of attachment of the
substrate moleculs to the enzyme. This was discussed in Section IT with
reference to the desaturases responsible for the first double bond and the

same argaments apply here. (See page 76 ).

Percentage coaversion to s §
Precursor 7 J 4 ?‘0 ‘ 7 - 9/12 Ratio Diene
mohoene + Diene } moncene Diene to monmoerns

14:0 10.6 0 5.2 0 0

15:0 12,8 G 20.3 8.4 0.4l

1630 5 oj . 3 1205 3 0 -211-

17:0 0 0 11-8.2 19.5 0014-

18:0 0 0 27.9 62.6 2,25

19:0 0 0 29.1 6.3 0.22

Table 1

The direct dehydrogenation of saturated acids by Chlorella vulgaris to
unsaturated acids of the same chain lensth,
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Ignoring this unusual enzyme and corsidering only the enzyme that
introduces the second double bond in the 12-13 position, it oan be seen that
this is much less chain length specific being active in all chain lengths from ‘
€15 - (19 and having an optimum at C18 as shown by the diene/moncens ratio
Table I, Fig.I,

Since variation of chain length ldoes not affect the poesition of the

double bond, it can be said that the position of the double bond is not specific

for the distance from the methyl end of the moleculs, nor is there any attach-
ment there. These results clearly indicate the attechment of the monoeneoic
fatty acyl group to the enzyme either directly via the acyl group or the Cold
or ACP thiolester as in the case of monoens formation. There are however two

factors which may be specific for the position of the second double bord.

The first is the distance from the attached carboxyl group &3 in the case of the

monoere formation and the second is that the position of the first double vond

fixes the position of the second double bond, ‘
In order to investigate and clarify this issue and to verify that . ‘

individually added monoenes behaved in the same way as those formed in situ,

Chlorella cells were incubated with a series of W9 monoeneoic fatty acids of

verious chain lengths and & similar series of 9-10 momnenoic fatty acids.

The results of these experiments are shown in Tebles IIa and IIb. As strongly

i

indicated by the first experimeht ﬁsing saturated precursors, the 9-10 monoenes
all gave 9~10, 12-13 dienes with an optimum conversion at €18, Table IIb,

Fig ITb, which confirms the first éxperiment, Table I fig I. The move interesting
figures are those in Table IIb, Fig,IIb, which show whether the control is solely
mediated by the carboxyl end of the molecule asg in the cess of the monocenes or
dependent in anyway on the first double bond., The W9 series had only three
members since it was known that cis 7 hexadecenolc acid would yield the 7,10

diene but that this was due to & separate enzyme. The question revolves

around whether ¢is 8 heptadecenoic acid gave the 8,11 diene and the gis 10
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nonadecencic aclid gave -the. 10,13 diene showing comtrol by the first double

bond of Whe-ther_g':_i_g 8 - heptadecenoic acid gave the 8,12 diene and the |

cis 10 nonadecenoic geve the conjugated 10,12 diens or _nothing which would

show carboxyl control. If carboxyl control were_'the case it would be quit.e
reasonable to expect the cis 10 nonadecenoic acid to give no further desaturation
in the ligﬁt of the experience of the gis 7 octadecenoic and _gg_é 11 octadecencic

acid with. the monoene forming enzyme in Section II.

' % Conversion to Bond Position |
Precursoxr Diens
cis 8 heptadecenoic 26.0 8/9, 11/12
ois 9 octadecenocic ‘ 79.0 9/10, 12/13
cis 10 nonadecenoic 2.1 | /1, 1y/n
Tablo ITa

‘The direct dehydropenation of lll"c labelled W.9 monoencic faitty acids by

Chlorelia vuigaris

: % Conversion to | .
Precursor Diene | Bond Position
cis 9 hexadscenoic 21,0 9/10, 12/13
cis 9 heptadecenoic 374 9/10, 12/13
cis 9 ootadecenoic 79,0 9/10, 12/13
cis 9 nonadecenoic 25.5 9/10, 12/13
Table IIb

U

The direct dehydrogenation of 1" 'C labelled carboxyl monoenocic acids by Chlorella

- yulgaris
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However the result of the experiment was to show that the position of
the first double bond is the factor which governs the second double, the

second double bond always being methylene interrupted from it, The W9

13

series of acids gave & series of Wb cis meXeenes with an optimum conversion

at 018, Fig.Ilb, These acids have the same terminal structure as linoleic

289 290

acid and both Schlenk and van Dorp have shown them to have essential

properties,

"

The same experiments were carried out in another system known to convert

oleic acid to linoleic acid, namely the sliced embryos ard endosperm of the

castor bean Ricinis communiszao. Here the same results were obtained,

see Table III, Fig.III.

Diencic . Hydroxylated | fydroxyl

Precursor ! Produst Bond Position ! Product Position
Carboxyl 9 Series 1
©i3'9 hexadecenois 6.7 9/10, 12/13 6.2 12
. gis 9 heptadecenoic 6.8 9/10, 12/13 9.0 12
cis 9 octadecenoic 9.2 9/10, 12/i3 17.4 12
cis 9 nonadecencic heb 9/10, 12/13 4.8 , 12
79 Seriass
cis 8 heptedecenoic 2.8 8/9, 11/12 5.6 11
gis 9 octadecenocic 9.2 9/10, 12/13 17.4 12
cis 10 nonadecencic 2,0 10/11, 13/1k L3 13

Table ITI

1t labelled monoenoic fatty acids incubated with g&wm_}_s embryo +

endosperms

»

Since both these systems seemed cépable of converting 8, 9 and 10

moncenes to their respective methylene interrupted dienes it was decided to
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see.ii' they would convert 7 and 11 moncenec. Accordingly, both Chlorella
and .castd.r bean sy&fems wefe incubated with a series of ..monoenoic acids and
stearolic acid; see Table IV, This showed that C.hlo'rellla could not
desaturete either gis 7 octadecenoic or cis 11 octadecenoic and proved that
only dou'ble bonds 8, 9 or 10 can be accepted by the system, The optimum
bond position wés 9-10 (Fig.IV). 'g_.@_s_s_..l2 Cctadecenoic acid was desaturated
" but this was in the 9 position not the 15 so the diene produced was not dus
to the enzyme being studied and was, in fact, due to the 9-;10 monoene
.de.ss_.turase in a similar'way to that in which linoleate was formed in the
hen liver microsomal system (see page 92 o The f&ct that elaidic acid
gave no desaturation showed that the tond has to.be £is for desaturation to

mccur, Similarly stearolic acid was not desaturated.

- % Conversion to

Precursor Diene Bond. Positien
cis 7 octadecenoic {15 -
cis 9 octadecsnoic - 54,0 9/10, 12/13
elaidic £1% -
stearoclic 1% -
cis 11 octadscencic 4 1% -
cis 12 octadscenoic 48,0 | 12/13, 9/10

Table IV

The direct dehydrogenation of various labelled precursors by Chlorelle wvulgaris’

As & resul’q of thisl experiment & precise specificity is difficult
to see. For desaturation to occur to form a diéne.in Chlerella or castor
then there must be a ¢is double bond in the 8, 9 or 10 position, Therefors
it would seem once again ag if it is a physical distance from the point of

attachment of the carboxyl group to the enzyms thet really determines the
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"po sition of desaturation.

Fig.V shows in scale cirawing the syste.m as it might be on the
enzyme surface, It can be seen that,-assuming the aliphatic chain is in
the energetically favoured staggered conformation, on rotation of the chain
through 180° about its axis, the 11 and 12 carbon atoms of c¢is 8 heptadecenoic
acid and the 13 and 14 carbon &atoms of g.l_gs_ 1C nonadecanoic acid fall on either
side of the 12 and 13 carbon atoms of oleic acid. Thus, if the active site
is directly under t.hs 12 and 13 stoms of oleic acid, the ideal substrate,
thers is the possibility of some overlap with the 11 ard 12 or 13 and ih-
carbon atoms of a cig A8 or cis AI0 gystem respectively.

Although the 10 and 11 hydrogen atoms of gig A 7 octadecencic

acid fall alongside those of the cis D8 variety they are sufficiently far

away from the actual desaturase site for there to be no desaturation, The

same aprrangement holds for cis 11 octadecencis acid or cis 12 octadecennic
B.Cid.o

Having said fhis it is clear why meither elaidic or é.tearolic'
acids gave any desaturation since they have no carbon atoms anywhere near
the deseturese site.

Thas the real factor that governs the po'sition of the secend
double bond is that the hydrogen of the substrate chain should fzll within
the splere of influence of the desaturase site, The reason why this systenm
appears less specific than the first double bond system is that having a
bend in the molecule, it is possible to get two different structurss having
carbon atoms olose enough tegether for eithei‘ to be in the sphere of influence
of the active site. 1In the monoene case since the saturated precursor is
linear, there can only be one structure capable of placing hydrogen atoms
within the sphere of influence of the active site,

The magnitude of the sphere of influence of the desaturase site

is in keeping with the suggestion of a disulphide bridge. To conclude,
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the precise position of the second double bond is that it is formed betwzen

two adjacent carbon atoms which fall in the rectangle of enzyme surface
shown, Pig.V, when the carboxyl group is attached to the binding sﬁ.te of‘
the enzyme. So ina less obvious IWay, this is also & case of carboxyl
control. Quantitatively speeking, it is easy to see why C18 is the
optimum shain length for fhe W9 series, Tables ITa and III, as this gives
the best cover of the active site, whilst the optimum of C18 in the
carboxyl-9 series can only be explained by saying that up to 18 better
binding is obtained by having a 1onger‘c1‘1ai.n and hence e_x greater London
aisp.arsion. force up to 18 but an edverse interaction with the enzyme at the
19th carbon atom causes a less favourable arrangement in the case of Cl9.

The results obtained in the experiments with the carboxyl 9 and

W9 series of rencenes with cestor and Chlerella yulgaris, Tables III and IV

anl Figs ITI and IV respectively could also be explained in apother wav.
Desaturation was only observed in either the W9 or carboxyl 94 series and
never with any other bond position. Therefore it is possible that there
are two snzymes responsible for the introduction of thé second dovble bond,.
one that is carboxyl ond controlled and the other that is controlled by the
distance from the methyl end of the molecule., Qualitatively this would
axi)lain ths results as satisfactorily as the previous theory expeounded above
but quantitatively the results lend an extra strength to this theory.

| The previous theorj explains quite satisfactorily the qualitative
data and also the reason for the 18 cabon etom substrate being the optimum
ppint in the W9 series. The previous theory has a less cbvious exialanation
of the reason why the C18 :ﬁonoene should be so favoured in the carboxyl 9
series. This second theory would explain this in this way. In castor
bean, for example, if the carboxyl 9 enzyme was oapable .of converting 6.5%
of the label to diencic fatty acids and the W9 enzyme capable of converting

2.5% of the label to diencic fatty acid irrespective of chain length, then

the reason oleic acid is favoured in both series ir because it is the only
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a0id oapsble of being a substrete for both enzymes and hence is desaturated
to 9%. This agrees well with the observed individual components in the

seventeen and nimseteen carbon atom cases. Similar results were obtained

in the Chlorella vulgaris incubations and a comparison of the data appears

in Table V below,

. ‘ ‘ ¥ 7 1
NN > S It obsevea
Enzyme Length System controlled contralled Total Desat. for
¥ enzyme enzyme oleic
, r T -
Ricinus communis 2.4 6.6 9.0 9.2
Chlorelle vuigaris 22,0 315 " 53.5 790
Tabtle V

Comparisen of the individuel conversions of the W3 and ocarboxyl 9 desaturases

with the overall conversion in the case of oleic acid

The postulatien of two enzymes responsible fer the introduction of
the second double bond in the conversion of oleate to linoleate raises the
question of whether the substrate is the same for both, If it is not then
it could explain the close involvement of 1ipid in these desaturations (of
Chlorella) with the actual lipid as a possible substrate for one of the
e_nzymesal’gb, most likely the W9 desaturase for steric reasons., The
carboxyl centrolled desaturase could thsn have the sams substrate, the
CoA or ACP thiolester, as has been more generally ofnservad to be the case
in desaturetion studiest7,61.

No 1lipid invelvement has yet been demonstrated in the castor bean

but it has not been looked for to date,
Incubations of these systems with cis-ll-eicosenoic, cis 8~

octadecenolc and cis 10 octadecenoic acids would help to differentiate

between these two theoriss of the specificities of desaturation,
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In experiments with castor beans, the actual beans were picked
. 7,
35 - 4O days after flowering to ensure maximum conversion to 1inoleat628).
At this time the same workers found that ricincleaste was also being actively

synthesised, Since the comditions of ricinoleate synthesis are the sams

286

as those for aerobic desaturation viz molecular oxygen and reduced
pyridine micleotides formation of an hydroxylated species was notéd in tle
desaturation studies. This was of great interest since Galliard and
S‘!:umpf‘z-86 working with a microsomal preparation of castor bean had been
uriable to demonstrate hydroxylation of any substrate other than‘oleate.

A series of 9:10 monoenes of varying chein length were incubated
with sliced embryos under conditions similar to those used by Morris et

a1280

in their stereochemical studies of ricincleate formation in Ricinis
comunis., All the substrates tested i.e, those possessing carbon chain
lengths b.etween 16 and 19 carbon atoms produced an hydroxylated species
Table IIL. Ths optimum chain length for this was at 18, see Fig.VI. The
series of W9 acids also yielded an hydroxylated species, Table III; and,
once again, the optimum was at C18, see Fig,VI,

It was unknown, at this stage, at what position the hydroxylation
had ocourred and there have been observations by Galliard and Stumpf that
& B hydroxy species is formed in experiments with <3sa..s1:o:|:'286 in the absence

217 of the acids, gave the regular

of NADPH. However von Rudloff oxidation
non hydroxylated decarboxylic diesters and this eliminated the possibility
of the hydroxylation ocourring between the double bond and the carboxyl end

of the molecule,

These results did not tell where the exact position of hydroxylation

occurred and what effect the substrate chain length and position of the
double bond had on the enzyme which produced the hydroxylation., The

position of the hydroxy group was determined by first reducing the hydroxy

alkenoic acid to an hydroxy alkenoic acid since cleavage at the double bond '

would yield & regular dicarboxylic acid and yield no information about the
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position of the hydroxyl group. The hydmxy_é.lkamic acid was then cleaved
by sfmng oxidative conditions%? which first of all oxidises the hydroxy
-acid to fhe corresponding keto acri_ld. and then causes oleavage on either side
of the carbonyl group, This yields two dicarboxylic acids as prddncts
dif‘fering by one carbon atom (see page 1. Thus a 12 hydroxy acid yields
- dodecansdioic and undécanedioc acids in this reaction. By studying the _
dicarboxylic acids formed the position of hydroxylation can be determined.
| The hydroxy alkanoic acids formed by reduction from the products of
the incubastions were all oxidised in this way and the individual dicarboxylic
diesters formed from the products, The individual diesters were then
separated and the activity counted by scintillation counting, The radio-
active dicarboxylic esters gave the position of the hydroxy group in the
mclecule.
| These results are given below in Table VI in detail and are also
included in Table III. However, despite the ccourrence of hydroxylated
species in these above incubations, no desaturation or hydroxylation could
be dsmonstrated in either cis 7 octadecenoic acid or in cis 11 octadecenoic
acid. This latter result confirms the findings of Gallierd and Stumpf286.
Thus it appears that the specificity for hydroxylation in castor
 beans is similar te that for the formation of & disne. That is that the
Aenzyme shbws a primary specificy for‘tha_ hydroxylation to occur p to the
deuble bond and then only in the direction of the methyl end of tr_ié molecule.,
The work of Gelliard and Stumpf shows that this has to be a ois double bond |
and the work of this thesis shows that that double bond mist be in the
8, 3 or 10 position in the chain and that double bonds in the 7 and 11 positions
do not yleld hydroxy species.,

Tabls VII s'ummarisles the total work dene on this system,
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Precursor _ Count s Ei?arb?xyl;c Esters _ OH position
10 11 12 13
cis 9 hexadecemoic 871 | 20,136 | 20,605 | 423 12
cis 9 heptadecencic 3508 30,110 27,578 519 12
gis 9 octadecenoic 417 63,883 60,191 23k 12
cis 9 nonadecencic 631 | 23,192 | 21,54k 449 12
cis. 8 octadecenoic 47,415 30,279 1,971 853 10
cis 10 octadecemoic’ 716 | 1,313 | 23,071 | 22,015 13 .
oAl
Table VI

Total counts in the collected dicarbexylic esters from the cleavage of the

hydroxy acids formed in the incubation of lsbelled precursors with sliced

sembryos of Ricinis dommnis

, _
i Precursor A Hydroxylation Refersnce
_&_ig 9 hexadecenoiu | | Yes i 3
cis 9 heptadecenoic | Yes : a
cis 9 octadscenoic Yes abe

£i1s 9 nonadecenoic Yes &
cis 8 heptadecenoic Yes a
cis 10 noradecenoic Yes &
cis 7 octadessnoic No a
eis 11 octadecernoio No ab
trans 9 octadecenoic No b
octadecancic 2 No b
cis 9, cis 12 octadecadiencic o bo
Tegble VZL"‘L

Possible precursors for hydroxylation in Ricinis communis

a2) This thesis b) Galliard and Stumpf‘286 ¢} A.T.James, H.C.Hadaway

] 5 eV



Thus, to condlude, this work suggests that the fatty acyl residue
i_s connected to the enzyme at the carboxyl eru though the precise form of
attachment is not known and that the real specificity of hydroxylation is
that the carbon atom mist be B to a cis double bend in such;a position in
‘the chain that it falls within the area shown in Fig,VII which is the area
of influence of the active site, The optimum bond position is 9:10 '
since this gives the cpiimum orientation of the chain on the active site.

There is an optimum chain length of 18 carbon atoms among the 9310 acids.
The secondary chain length effect is best explained by once again

postulating that the greater the mimber of van den Waals interactions the
- petter the binding to the active site although there mist be & further .
unfavourable interaction in the case of the 19 carbon atom chain,

The possibility of two enzymes being responsible for the
hydroxylation, one carboxyl controlled and one methyl snd controlled as
pastulated in the case of the desaturases responsible for the introduction
of the second double bond (see Pagel31) is not ruled out. Qualitetively
and seri quantitatively, it would fit the data although the precise agree-~
mnt of the figures does not quite bear it out completely, Here oleic
agid is more favoured than the sum of the two seventeen isomers for
example, Also, no lipid involvement has been studied in the case of
ricinoleate formation and so the position is a 1little less certain heres
although this work provides a uwseful basis for further work on c¢his system.

Once again however, these two theories could be tested and

differentiated »y using cis 8 octedecenoic and gis 10 octadscenoic acids,
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EXPERTHENTAL
I Experiments with whole cell cultures of Lhlorells Yulgaris

The original Chlorella vulgaris  (strain 211/11h) culturs was obtaimed

from the Culture Collection of Aigae and Protozoa, Cambridge,and maintained on

 "Cambridge" agar slopes (the "poor" medium described below).

Chlorella vulgaris was grown by the following procedure,

: One loop of cells was inoculated from an agar slope into 5 nls of
*rich' medium (see belew) and incubated for 24 hours at 30°C under continuous
illumination 18 inches ffom 4 x 40 watt fluorescent tubes (daylight emission).

The 5 ml culture was then poured into 250 ml of "ric'h“ medium in & Roux

bottle and incubated for 2 -« 3 days in the light incubator at 3000.

Rich Medium KH2 P0}+ 500 mgm
KH PO!;- ' 500 mgm
(NﬂL)ZH PO, 800 mgm
Mg 504 7H20 200 mgm
00012 40 mgm
Mn SOA 41{20 2.2 mgn
4 mM Ferric citrate 2.5 nl.
glucose 10 g.
tryptose 10 g.
Difco Yeast extract 2 g.
Water to 1l litre

Final pH 6.5

Poor Medium Proteose peptone 1 8.
K NOz 2 gi
K, H POi‘_ 200 mgm
Mg 50, 7H,0 200 mgn
Agar 10 g.
Water to 1 litre

Pinal pH 6.5
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la) To investigate the effect of chain length of substrate on the extent

and position of desaturation in & whole cell culture of Chlorejla wlearis

The culture of Chlorella wulgaris was grown in the "rich" medjum
as before and harvested according to the method of Harris et a.l.62 This
involves svinning down the. cells at 1,000 r,p.m., for 10 inins. The cells were
then resuspended in the same volume of 0.2M phosphate buffer pH 7.4 and the
centrifuging repeated to cbtain the cells free of .the rich medium, The cells
were finally resuspended in 0,2M phosphate buffer pH 7.4 at a concentration of
1 gm of cells to 10 mls of buffer. This suspension of cells was then
preincubated for 1 hour at 27°C at a distance of 1 £t from three 250 watt
photo flood lamps with a 6" deep water filter to remove the hest.

3 ml aliquots of this suspension were placed in eight tubss. To

etch was added a radioactive precusor suspension (0.2 mis) and the whole

incubated for 6 hours at 27°C in an illuminated incubator. The redioactive
substrates used in this experiment were (111"0) - decanoie, (1“"0)- dodecanoic,

Q (1 C) - titradecanoic, (2 r‘) - pentadecanoic, (.11)+C) - hexadecanoic, (13¢) -
 heptadecanoic, (1 C) - octadecaroic, (ZMC) - nonadecanoic acids. At the end
of the incubation period the reaction was quenched and the lipids extracted with
2 : 1 v/v chloroform methainol as in section II. The lipids were transmethylated
and the radioactive esters idertified and measured by RGLC on an FFAP column
af 23000. The monoenes and dienes were isolated from the esters by silver
ion chromdtography ard then the ester having the same chain length as the
labelled precursor iselated by preparative G.L.C. on FFAP at 230°C as before.
The band position of the monoenss was determined by von Rudloff's 217 oxidative

cleavage technique and the band positions of the dienes was determined as below.

The determination of the diene band positions

The dienoic ester isolated above was dissolved in methenol (0.5 mls).
Where there was little endogenous cold acid present e.g. in the case of methyl
heptadecadienoate, methyl linoleate (100ug) was added as carrier. 60%
8
hydrazine hydrate (50ul) and he:;é‘ic acid (2 mgm) were added to the solutionm
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which wes cheken in an unstoppered tube at 50°C. The coursse of the reaction
was followed by G.L.C. on a Pye 104 instrument ccnteining an FFAP column at
230°C.  The disappearance of the diene peak is accompanied by the appearance
of a split moncens peak due to ths two isomsric moncenes and a saturated ester
péak, These peaks correspond in chain length to the carrier where it was
added.

The reduction was quenched when an optimm yield of monoerne had
been achieved by the addition of dilute hydrochleric acid (1 ml). The reaction
mixture was dissolved in ether {50 mls) and washed acid free with successive
aliquots of water, The ether was finally removed at the pump and the products
dried by azeotropic distillation with ethanol. The esters were dissolved in
ether (5 mls) and the monoenoic esters isolated in the usual way by silver ion
chromatography. The bend positions in these esters were determined by von

Rudloff's oxidative cleavags technique followed by RGLC.on an FFAP column at
2%0°,

Since much bretkdown resynthesis had occurred in this system it
w3 thought necessary to determine the pesition of the radiolabel in the final

dienole product. This was done &s follows.

Determinatioa of the position of the radiolabel.zes

The saturated esters from the partial reduction above were iéolated
by silver ion chrometogrephy snd dissolved in acetone (0.5 mls)., Potassium
permanganate (50 mgm) was added and dissolved. The solution was placed in &
glass tube cooled in dfy ice and sealed. The sealed tube was heated at 60°C
for 4 hours, The tube was then coolsd and opened with a-gl#ss flls. The
contents were added to ether (20 mls) and washed with sodium bisulphite solution,
followed by dilute sulplmric acid and finally washed acid free with water, The
ether was then evaporated at the pump and the products dried by azeotropic

distillation with ethanol, After methylation with diazomethene an aliquot of

the products was injected on to a RGLC containing an FFAP eolumn at 230°C,
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A single radicactive peak of the eppropriate chain length was indicative of
retention of label.

b) To investigate the effect of the chain length of substrate on the

inhibition produced by sterculic acid.

. Chlorella vulgaris cells were grown in the rich medium, harvested,

washed and resuspended in 0.2M phosphate buffer as in the previous experiment.
After preincubation as before 3 ml aliquots were added to sach of six tubes,
Redioactive precursor (0.1 ml) was added. To each of an identical set of
six tubes was added sterculic acid suspension prepared as below equivalent to
(3 mgm) giving an overall sterculic acid concentration of 3 x 1071 and

radicactive precursor suspension (0.1 ml)., The radicactive precursors used

in this experiment were (111"0) - tetradecanoic, (2”"0) - pentadecanciec, (11;"0) -

hexadecanoic, (11'!"0) - heptadecanoic, (1140) - octadecancic and (ZMC) -
nonadecanoic acids,

‘The sterculic acid suspension was prepared by dissolving a urea
clathrate compound of methyl sterculate (50 mgm)* in IN potassium hydroxide in
methanel (5 mls) apd refluxing for 30 mins., When cool the solution was
carefully acidified to pHS5 with IN sulphuric acid and the product extracted
three times with ether (10 mls) and the combimed ether phases washed acid free
with water. The ether was removed at the pump and water (0.6 mls) was added
to the acid which was emulsified by the addition of 1 drop of 10% w/v sodium
carbonate and 1 drop of & 1% aqueous solution of Tween 20 followsd by
ultrasonication.

The tubes set up as above were incubated for 6 hours at 27°C under
constant illumination as before, At the end of this period the reaction was
quenched and the lipids extracted and transmethylated in the usuzl way. The
rethyl esters thus formed were identified and measured by RGLC on an FFAP

column at 230°C.

- U0 -
* The kind gift of Dr., A. R. Johnson of the C,5.I,R.0. Division of food

preservation, Ryde, N.3.W. Australia.




2a) Investigation of the position and degree of desaturation produced in

8 series of monoenoie fatty acids whose doutle band is in the 9 - 10

position by whole cells of Chlorelle Yules ris

Whole cells of Chlorella vulgaris were grown, harvested and resuspended

as in ths previous experiments. Four tubes were set up each containing 3 mls
of the 0.2M phosphate buffer suspension of cells and & suspension of redio-
active precurser (0.1 ml) was added. The radicactive precursors used in this
experiment were ( 11..0) - cis 9 hexadecenoic, (13’!"0) - ¢is 9 heptadecenoic,
(l'u"G) - cis 9 octadecenoic and (11)"'0) - cis 9 nonadecenoic acids, The
incubstions were carried out at 27°C for 6 hours in en illuminated incubator.
At the end of this period the reaction was quenched, the lipids extracted and
transmethylated in the usual way. The methyl esters were identified and
measured by RGLC on FFAP at 230°C., The dienes formed were isolated by silver
ion chrometography and the diene of the same cha2in length as the precursor
isolated by preparative G.L.C. on FFAP at 230°C. The band position of the
dienes formed were determined by von Rudloff's oxidative cleavage 217 following

pertial reduction with hydrazire as before,

b) Investigation of the position and degree of desaturation produced in a

series of W9 monoenoic fatty acids by whole cells of Chlorelle wulearis

The suspension of cells used for this experiment was the same as
prepared for experiment 2a above. That experiment was repeated exactly with
the following three rediocactive precursors (111"0) - cis 8 heptadecenoioe,
(11‘*0) - ¢is 9 octadecenoic and (1“*0) ¢is 10 nonasdecencic acid.

3a) Investigation of the effect of stearolic acid end positional and

goometrical {somers of oleic acid on the extract end position of

desaturation in whole cells of Chlovalls wlgaris.

Whole cells of Chlorella vulgaris were grown, harvested and resuspended

as in the previous experiments. Aliquots (3 mls) of this suspension were

placed in tubes ani incubaeted with a redioactive substrate suspension (0.2 m) ‘
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for 6 hours at 2?°C in an 11luminated incubator,

The radicactive substrates used in this ex;}eriment were (lu"C) - gis
7 ootadecenoio, (1]1*0) cis 9 octadecencic, (11}"'(}) cis 11 octadscenoie, (ln"C)
cis 12 octadecencic, (1u*c) - glaidic and (1”’0) ~ stearolic acid*., When the
incubatiénslhad been quenched snd the lipids extracted half were transmethylated
in the usual way, the methyl esters were jdentified and measured by RGLC on an
FFAP column at 230°C. A 10% silver nitrate impregnated silica plate was
channelled into 1 cm channels and aliquots of the extfacted methyl esters wers
run in 15% ether in petrol ether and the plates scanned as a second check to
establish whether any dessturation had occurred. In the two cases where it

had the dienes were isoclated ‘by silver ion chromatography and their band

positions determined by von Rudloff's oxidative claa.v&v.gezl7 following partial
reduction with hydrszine as befers. The 1ipid incorporation was determined
by silver ion chromatography in the usual mnmer except that the developing
solvent was chloroform-methanol acetic acid (65 ; 25 : L) v.

4. Investigation of the effect of = terminel double band in the substrate

to the degree of desaturation in whole cells of Chlorella vulearis

Whole cells of Chlorella wulegaris were grown, harvested and resuspended

in the usuval wey and 3 m) aliquots of the suspension were incubated with radio-
sctive substrote suspension (0.1 mls) for 6 hours at \2?°C in an illuminated
incubator. At the end of the incubation the lipids were extrected and
transmethylated in the usual way ahd the methyl esters identified and measured
by RGLC on FFAP at 230°C.

A double check was done to identify the products, e monoenes, dienes,
trienes and tetraenes were isolated by chromatography on & 10% silver nitrate
impregnated silica plate which was run in 30% ether in petrol ether, A portion
of each of these fractions was .separately run on RGLEC at 23000 and their

retention volume and carbon mmber determined. These were compared with the

unseparated chart and 1ts peaks more positively identified. The fractions

* The kind gift of Mr. M. Crouchman
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isolated above were each subjected to band cleavags by von Rudloff's method

to determine the position of the double band nearcst the carboxyl end of ths

molecule,

Experiments with the embryos and endosperms of the castor bean Ricinis

The castor oil plants {(Ricinis communis) wers grown in the gresnhouses

of the Basic Herticulture Ssction Unilever Research Laboratory, Colworth House,
Bedford., 35 days after flowering when the seéd. coat was &4 deep mareoon colour
test incubations with (12%0) oleic acid were done to check the stago which

ths seeds had reached in their maturity. These incubations wers cerried out
exactly as the exPefimental incubations later. These test incubations were
repeated daily until the seed was synthesising ricinoleic acid vigorously
‘(abeat 20% of the label being incorporated into ricinoleic acid)., VWhen this
stage had been reached beans of a similar age from the same stem of the same
plent werse picked and the experimental incubations performed as follows,

The bean pod was opened with & sharp razor blade and the three beans
remo&ed, the thres individual beans were then sliced down the middle, The
three embryos and one of the endosperms were sliced with the razor blade and
placed in a tube to which hed previocusly been added 0,2M phosphate buffer
pH 7.4 (2 nls) and radioactive substrate suspension (0.3 mls) dispersed in it
by sonication. Eight tubes were set up in this fashion and incubated for
2, hours in & reciprocating waterbath et 30°C under subdued 1light. The
radioactive precursors used in this experiment were (lu’c) ~ ois 9 hexadecenoic,
(2C) - cis 9 heptadecenoic, (14C) - cis 9 octadecenoie, (1%C) - cis 9
nonadecenoic, (11}"0) cis 8 heptadecenoic, (lll"'C) - cis 7 octadecencic, (11""0) -

MC) - ¢is 10 nonadecencic acids. At the end of

£is 11 octadecenoic and (1
this period the reaction was quenched and the lipids extracted with 2 : 1 v/v
chloroform-methanol as before and the lipids transmethylated. An aliguot of
the methyl esters thus formed was run on 10% silver nitrate impregnated silica

plate dlvided into 1 c¢m channels and developed 8 ¢m in 50% ether in petrol ether,
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The solvent was then evaporated and the plate developed twice in 20% ether in

petrol ether. The channels were then scanned on vhe Pangx RTLS-1 and the
monoenoic, diencic ard hydroxy bands scraped off. The esters were dissolved

in 0.4% PPO in toluene and counted on the Packard Tri~Carb series 4000

scintillation spectrometer,

Preparative T.L.C, plates were rvn under the same corditions as above

and the monoenes, dienes and hydroxy species isolated. The bond positions of

the moncenes and dienss were determined as before in the experiments with

RGLC on SE.30 at 2309C to check the chain length of the compound and & further
aliquot was subjected to von Rudloff's oxidative clﬁwewagaz17 to identify the
position of any double bond present and also to prove that the hydroxy group
had peen introduced beyond the double bond, Finally the exact position of the
hydroxy group was determined as follows,

Determination of the position of the hydroxyl _proUup

The position of the hydroxyl group wes dstermined by the following
set of reactions:-

CH_,’( CH2)c ?H-( CHZ)b CH=CH-(CH, ) COOCH5

oH

HZ/Ad.B.ms catalyst

v

|
|

|

\

\

Chlorella wvulgaris, An aliquot of the hydroxy compound was subjected to ‘
\

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

CH, (CH,), GH (CH,) COOCH ‘
3 ¢ | (2+b+2) 3 \
CH |
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Cr{)}/ace tic acid

HOOC (CHZ)(a+b+2) COOCH,

+

| B0 0C (G, ) 000CH
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? \
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GH2N2 in ether

GH3000 - (CHZ)(M) +2) COOCH, + cH3000( CHZ)(a+b+1) COOCH,

The rem2ining amount of the hydroxy esters were dissolved in absolute
alcobol (10 mls) and Adams platimum oxide catalyst (25 mgm) added. The flasks
containing the above mixture were conmected to a2 system which allowed an atmos-
phere of hydrogen gas at atmospheric pressure to be placed over the solvent
surface, The flasks wers agitated at room temperature for 3 hours.. After
this {4ime the flask was removed and the catelyst filtered off. The ethancl
was then removed at the pump and the ester redissolved in glacial acatic acid
(3 mls) in which had been dissolved chromium trioxide (90 mgm)., This solution
was heated at 40°C for 2, hours. At the end of this time weter (15 mls) was
added and the products extracted with 3 x 10 mls of ether. The ather extracts
were bulked end washed acid free with water., The ether waes removed at the
pamp snd the products dried hy azeotropic distillation with ethanocl, The
products were then methylated with diazomethane, Dimethyl undecanedioate
(20 mgm) a'd dimethyl tridecansdioate {20 mgm) weve added to the products
and the whole subjected to prepa.rative G.L.C. The dicarboxylic esters
having carbon chains 10, 11, 12 and 13 atoms long respectively were collected
and desolved in 0.4% PPO in toluene and counted on the Packard Tri-Csrb
scintillation spectrometer, By identification of the radioactive esters the

position of the hydrexyl group was determined.
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