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Abstract

The mechanism of conjugated fatty acid biosynthesis as it occurs in plants has been
examined by incubating deuterium-labelled linoleates with a number of yeast strains
expressing the requisite FAD2 type enzymes: A*!®-desaturase (Calendula officinialis);
A desaturase (Aleurites fordii Hemsl) and A'®*°H.desaturase (Dimorphotheca
sinuata).

The stereochemistry of calendic acid (octadec-8E,10E,12Z-trienoic acid) formation
was probed by monitoring the fate of deuterium from (R)- and (S)-8-d;-octadec-92,122Z-
dienoates and (R)- and (S)-11-d;-octadec-9Z,12Z-dienoates (linoleates). The latter
substrates were synthesized by a chemoenzymatic route that involved the use of a yeast
A'"? mutant to introduce the 12Z double bond. Calendate is formed from linoleate by syn-
removal of the 8Hz and 11Hg hydrogens as expected.

Using similar methodology, it was shown that a-eleostearic acid (octadec-
9Z,11E,13E-trienoic acid) formation was formed from linoleate by syn-removal of the
8Hs and 11Hgz hydrogens. This result required the postulation of a revised substrate
conformation. By comparing the deuterium kinetic isotope effects at C-11 (large) and C-
14 (small), the site of initial hydrogen abstraction was determined to be at C-11.

Dimorphecolate ~ ((R)-9-hydroxyoctadec-10E,12E-octadecadienoic  acid) is
biosynthesized from oleate by tandem 12E-desaturation /allylic oxidation. It was
demonstrated that the latter step is initiated by isotopically sensitive hydrogen abstraction
at C11, followed by hydroxyl rebound to C-9 of the allylic radical intermediate.

All biotransformations could be described by an active site model that is common to

all FAD2 type homologues operating on linoleate substrates.
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List of Abbreviations

(R)-AMA
(R)-MPAA
(R)-TFAE
(S)-AMA
(S)-(+)-MPAA
(S)-TFAE
ACP

Amp
9-BBN

bp

BSTFA
CIP

CLA
CLnA
CoA

CS2

CSA
CSM-URA
DAST
DEPT
DGPC

DHP

(R)-(9-Anthranyl)methoxy acetic acid
(R)-Methoxyphenylacetic acid
(R)-(-)-1-(9-Anthranyl)-2,2,2-trifluoroethanol
(S)-(9-Anthranyl)methoxy acetic acid
(8)-(+)-a-Methoxyphenylacetic acid
(8)-(+)-1-(9-Anthranyl)-2,2 2-trifluoroethanol
Acyl carrier protein

Ampicillin

9-Borabicyclo [3.3.1]nonane

Boiling point

N, O-Bis(trimethylsilyl)trifluoroacetamide
Cahn-Ingold-Prelog

Conjugated linoleic acid

Conjugated linolenic acid

Coenzyme A

Clavaminate synthase 2

Chiral solvating agent

Complete supplement mixture - uracil
Diethylaminosulfur trifluoride

Distortionless enhancement by polarization transfer
Deoxyguanidinoproclavaminic acid

3,4-Dihydro-2 H-pyran



List of Abbreviations continued

DMAP
DMF
DMS
DMSO
DNA
dr
EDA
EDCHCI
ee

El

ER
EtMgBr
EtOAc
EtOH
Fac2
FAD
FAD2
FAD3
FAME
FAS
GC

GC-MS

4-(Dimethylamino)pyridine
N,N-Dimethylformamide
Dimethyl sulphide
Dimethyl sulfoxide
Deoxyribonucleic acid
Diastereomeric ratio
Ethylenediamine
N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
Enantiomeric excess
Electronspray ionization
Endoplasmic reticulum
Ethylmagnesium bromide
Ethyl acetate

Ethanol

Fatty acid conjugase 2
Fatty acid A®-Desaturase
Fatty acid A'>-Desaturase
Fatty acid A'>-Desaturase
Fatty acid methyl ester
Fatty acid synthase

Gas chromatography

Gas chromatography-mass spectrometry



List of Abbreviations continued

HMPA

HPLC

IR

a-KG

KHMDS

KIE

LA

LB

m-CPBA

MeCN

MeLi

MeOH

MMA

MMO

mp

MS

MTPA

MTPA-C1

NADH

NADPH

n-BulLi

NMR

Hexamethylphosphoramide
High-performance liquid chromatography
Infrared

a-Ketoglutarate

Postassium bis(trimethylsilyl)amide

Kinetic isotope effect

Linoleic acid

Lysogeny broth

meta-Chloroperbenzoic acid

Acetonitrile

Methyllithium

Methanol

Methyl mandelate

Methane monooxygenase

Melting point

Mass spectrometry
a-Methoxy-a-(trifluoromethyl)phenylacetic acid
a-Methoxy-o-(trifluoromethyl)phenylacetyl chloride
Nicotinamide adenine dinucleotide
Nicotinamide adenine dinucleotide phosphate
n-Butyllithium

Nuclear magnetic resonance
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List of Abbreviations continued

PC Phosphatidylchloine

PDC Pyridinium dichromate

PCR Polymerase chain reaction

PL Phospholipid

PPTS Pyridinium p-toluenesulfonate
p-TsOH p-Toluenesulfonic acid

Py Pyridine

RuCl3.nH;O  Ruthenium(III) chloride hydrate

SCD Stearoyl CoA A’-Desaturase

SD Synthetic dextrose

SIM Selected ion monitoring

Sn2 Bimolecular nucleophilic substitution
SOMO Singly occupied molecular orbital
TAG Triacylglycerol

TBS tert-Butyl dimethylsilyl

THF Tetrahydrofuran

THP Tetrahydropyran

TLC Thin layer chromatography

T™S Trimethylsilyl

TMSCHN;, Trimethylsilyldiazomethane
TsCl p-Toluenesulfonyl chloride

YPD Yeast peptone dextrose
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