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1. Introduction

Most studies aimed at determining the structure of natural products begins with a
mixture of substances from which the compound of interest must be purified.
Chromatography, in its various forms, is used primarily for the separation of classes
of compounds and, in a more discriminating way, for the resolution of individual
compounds in a mixture. The central theme of the research described here concerns
the chromatographic separation of biomolecules from a mixture, and their
subsequent identification by other means, usually mass spectrometry.

Volatile compounds are often best separated by gas chromatography (GC), and this
technique is used in most of the studies. With this technique, the resolution of
compounds takes place in a column, and in the earlier studies, the compound had to
be physically collected while eluting from the column for subsequent mass spectral
analysis of its structure. With the use of combined gas chromatography-mass
spectrometry (GC-MS) in most of the later structural studies described, no actual
collection of resolved compounds is needed. With this technique, many more
compounds can be separated and identified in much less time.

As many natural products are chiral, and as the biological activity or usefulness to
synthetic chemists of a molecule is often limited to only one of a pair of enantiomers,
recent work has concentrated on the resolution of certain enantiomers by gas
chromatography and high performance liquid chromatography (HPLC).

The list of publications is numbered and given in chronological order, and each copy
of each publication has this number on its title page for easy reference. This
presentation generally follows the same sequence but is divided into sections with
each section emphasizing the publications arising from a period in a department at a
particular institution. An attempt is made to group the papers on similar topics within
each period, and in each section the main points of interest and most important
research results are emphasized under 'Highlights'. In this way it is hoped that a
reader will be able to follow the presentation in a meaningful manner reading only
this description of the work, together with the abstracts of the papers.



2. Department of Biochemistry
University of Natal (Pmb)
1962 - 1970

2.1 Grass Lignin

My Masters Degree studies began at the beginning of 1962. An existing
departmental project concerned the digestibility of grass hay in an artificial rumen.
Observed variations in the in vitro digestibility of certain grass species were thought
to be due in part to the solubility and structure of the lignin. A project aimed at
attempting to assess the organic solvent solubility of lignin isolated from various
grass species was chosen for a thesis topic. Other studies on the solubility of lignin
had used conifer wood as the source of lignified material, so initial studies were
conducted on a good quality veld hay comprised largely of Themeda triandra. In
spite of reported differences in the monomeric components of the hardwood, conifer,
and grass lignin, the solubility properties of isolated soda lignins from these plant
materials, as well as the veld hay, were remarkably similar (1,2).

Any comparative study on the structural similarities and differences of lignin from
various grass species would need to determine the ratio of the various monomers
with their differing substitution patterns on the aromatic ring. This broad topic was
chosen for a PhD program early in 1963 and it was recognised that it would require
the use of the latest and most appropriate separation techniques available. The
Organic Chemistry department, whose advice was sought, used adsorption column
chromatography as their main separation technique for their natural product
research.

It also was realised that one would need to determine quantitatively various
compounds in a mixture and adsorption column chromatography did not seem
capable of offering the required resolution. At that time no one in the Biochemistry
department, or the University as a whole, had ever used thin layer chromatography

(TLC), and gas chromatography was only just becoming commercially available, but
no department had one.

It was well established that oxidation of conifer and hardwood lignin with either
alkaline nitrobenzene or alkaline cupric hydroxide gave rise to the aromatic
aldehydes p-hydroxybenzaldehyde (P), vanillin (V), and syringaldehyde (S).



Therefore, initial studies aimed at the determination of the monomeric ratio of the
three aromatic aldehydes from grass lignin began with the development of a low-
cost TLC method for the separation and quantitative estimation of the standard
compounds, as no published method had been reported.

No apparatus for the spreading of adsorbent on TLC plates was available, and a
commercially available one was beyond the budget of the department. Therefore, a
home-made plate-spreading apparatus was designed and constructed for the
preparation of TLC plates on pre-cut plate glass sheets (8" x 8" and 2" x 8”). Many
plates were coated and many solvent systems tried before a very successful system
was obtained (3, see Fig. 1).

Soon after the development of a suitable TLC method a group in Canada published
the first GC method for the quantitative determination of P, V, and S from the
alkaline nitrobenzene oxidation of lignin. Motivations were therefore submitted for
the purchase of a GC and an isothermal one was obtained in 1964, which was
upgraded to be temperature programmed in 1965.

No suitable apparatus was available for either the alkaline nitrobenzene or alkaline
cupric hydroxide oxidation of lignified material. Stainless steel 'bombs', with a
specially designed sealing system that did not need O-rings, were made and six of
them accommodated in an oscillating heated aluminium block, which also had to be
designed and built. About 2 years was spent making the equipment and developing
suitable separation conditions with TLC and GC before any real work on lignin
oxidation products could begin.

The separation and quantitative estimation of P, V, and S from alkaline nitrobenzene
or alkaline cupric hydroxide oxidation of grass lignin by TLC did not give sufficiently
reproducible results, even though the TLC method for their determination from
mixtures of standards gave excellent results. Also, TLC and GC now showed that
the alkaline cupric hydroxide oxidation procedure produced additional compounds to
the above three. The major compounds were P, p-hydroxy acetophenone (Po), V,
acetovanillone (Vo), S and acetosyringone (So) and a GC method for their
determination was developed. The relative proportions of these compounds was

determined for a variety of different grass species. These results were designed to
provide a major part of the PhD thesis.



Recent literature of the time illustrated that certain lignin precursors such as p-
coumaric acid and ferulic acid were present in grasses and could be liberated by
mild alkaline hydrolysis. The study was extended to determine the proportions of
these acids with the idea of comparing their ratios with the ratio of oxidation products
of similar substitution pattern. It was found that a substantial amount of P and V
were obtained by the alkaline cupric hydroxide oxidation of the alkali-soluble
fraction. This fraction was now known to contain p-coumaric and ferulic acids and
therefore ferulic acid itself was oxidised by the alkaline cupric hydroxide procedure
and found to yield appreciable quantities of vanillin. This result devastated 3 years of
work attempting to determine V thought to arise only from oxidation of the grass
lignin. The implications of this finding illustrated that the yield of supposed lignin
oxidation products is not independent of non-lignin substances in grass hay.

The only publications arising from this study were the TLC method for the
quantitative estimation of P, V, and S (3) and the GC method for the estimation of
lignin oxidation products (4). The oxidation of ferulic acid to vanillin, and therefore
the difficulty of the interpretation of results on the oxidation of grass lignins, was
presented only in a thesis (5). With the benefit of hindsight it would have been an
appropriate publication at the time and was in fact the most important finding of the
PhD study.

2.2 Highlights

This study on grass lignin was the first research topic to be undertaken and had a
number of significant points.

TLC as a technique had not been used before by anyone at the University.
Therefore, no advice or instruction was available. The only information available was
early references and commercial catalogues.

With only this information a simple plate-spreading apparatus, different from any |
have ever see since, was designed and constructed that made excellent
chromatoplates for many years.

A GC instrument was purchased and again no advice or instruction was available on
the suitability of various columns or the coating of solid supports and the packing of



columns. Copper petrol pipe purchased from a local garage was used for many
successful columns and efficient packed columns were produced consistently.

In order to change the relative retention of certain compounds, mixed stationary
phase supports were coated with successful results.

Two papers were published in the Journal of Chromatography. Each of these papers
was a single author paper as my supervisor said the work was entirely my own.

The significance of the presence of hydrolysable p-coumaric and ferulic acids in
grass material was realised as possible lignin precursors and their relative
proportions should therefore be compared to appropriate oxidation products.

The oxidation of ferulic acid to vanillin clearly established the folly of assuming that
vanillin from the alkaline cupric hydroxide oxidation of grass material, arose only
from polymeric lignin.

A strong interest in the separation and identification of compounds from a biological
source was firmly established. The need to learn practically everything about TLC
and GC from scratch provided an excellent grounding in thoroughly understanding
the fundamentals and basic principles of these two important techniques.

2.3 Early Pheromone Studies

The expertise developed with TLC and GC on lignin made me realise that | could
contribute to the interests of two entomologists, D J C Fletcher and T Bosman.
These interests were ant trail pheromones and lepidopteran sex attractants. Column
chromatography and preparative TLC provided rapid procedures for the separation
and recovery of microgram or sub-microgram quantities of biologically active
compounds for bioassay purposes. In addition, GC would provide evidence of
separated volatile compounds and contribute to their possible identification, and
preparative GC could provide material for bioassays.



2.4 Ant Trail and Alarm Pheromones

Published work on ant trail pheromones showed that they came either from certain
abdominal glands or the hind gut. However, observations on the trail-laying
behaviour of the cocktail ant, Crematogaster peringueyi, showed that these ants laid
trails with the tip of the gaster well elevated (6, see Fig. 1). It was determined finally
that the trail of this genus is located in the distal segments of the metathoracic legs
and is deposited from the terminal tarsal segment (6). This glandular source for trail
pheromones is unique among ants. The active components were partially purified by
adsorption column chromatography. It is pertinent to point out that in spite of recent
attempts by E D Morgan, University of Keele, to identify the trail pheromone of
Crematogaster species supplied by myself, it still remains unidentified.

When heads of C. peringueyi were crushed, a distinct odour was apparent that
appeared to excite worker ants. GC analysis of solvent extracts of workers obtained
by steam distillation with continuous liquid-liquid extraction, as well as head space
analysis, indicated the presence of one major component and several minor
components. A sufficient number of ants were extracted to allow the collection of
approximately 100 pl of the major component and a smaller amount of the minor
component. The IR spectra of these compounds indicated a carbonyl! function in the
major compound and a hydroxyl group in a minor compound. The first attempt at
obtaining a mass spectrum on the drop-sized amounts of each compound collected
over a period of eight months resulted in all the material being pumped out of the
liquid vessel before a scan was obtained.

After a further two months work, an additional approximately 30 ul of the major peak
and a few pl of the minor peak were collected by preparative GC. This time the mass
spectrometrist adsorbed some of the material on graphite, which was then
introduced into the ion source with the solid probe. This method of obtaining mass
spectra allowed the identification of 3-octanone and 3-octanol (7). The combination
of preparative GC and adsorption on graphite allowed the relatively easy obtaining

of mass spectra on a few pg of material isolated from a number of Crematogaster
species (8).

After completion of this MSc project of R M Crewe at the end of 1968 on the
Crematogaster species alarm pheromones, an investigation was started in 1969 on
the Dufours gland substances of the formicine ant, Anoplolepis custodiens, with
another MSc student, G D Schreuder. Again, eluting gas chromatographic fractions
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were adsorbed on powdered graphite for mass spectral analysis. This time however,
the more volatile GC fractions were allowed to pass directly through the dry
powdered graphite, tumbling it in the gas stream, while trapping the eluting
compound. In this manner ug amounts of a relatively volatile compound could be
trapped directly and sealed in a glass capillary and kept. The amount trapped from
reasonable sized packed column GC peaks proved sufficient for recording mass
spectra with the solid probe. A series of n-alkanes and n-alkenes was identified (15)
which has recently been supported by capillary GC-MS analysis of individual
Dufours glands (69).

Termites have different castes and a MSc project was started with J A Williams, also
in 1969, with the aim of looking at the electrophoretic protein patterns of the various
castes. Disc gel electrophoresis had just been developed using cylindrical gels. The
scanning of cylindrical gels by a scanning densitometer required sophisticated
instrumentation that was unavailable to us. The scanning of a flat gel was possible
with apparatus we had available, but no apparatus was available to run flat
electrophoretic gels. Therefore, an appropriate apparatus was designed and built
(23). This general type of apparatus was soon available commercially and has been
the most widely used form of disc gel electrophoresis for the past 20 years or so.

2.5 Lepidopteran Sex Attractants

At the same time as the work on the trail and alarm pheromones of Crematogaster
was undertaken with D J C Fletcher and R M Crewe, the attempted purification and
identification of two lepidopteran sex pheromones was also in progress with T
Bosman. Fractions for electroantennogram bioassays were prepared by TLC and
preparative GC. Studies on the wattle bagworm led to its partial purification (9). A
project on the sex attractant of the Pine Emperor moth led to the trapping on graphite
of an active GC peak and the obtaining of a rather poor mass spectrum. No more
material was available to us and when this sex attractant was identified some years
later by others, the interpretation of our mass spectrum was clear. We had in fact
purified the sex attractant but were unable to interpret it correctly at the time.

Two techniques were attempted in the mid to late 1960's on sex pheromones which
were possibly a little before their time. It appeared that many lepidopteran sex
pheromones were acetate esters of long chain (C,, - C,,) alcohols. Our idea was to
acetylate crude extracts on the assumption that the alcohol precursor might be



present, thereby increasing the behavioural activity of the extract. Any subsequent
purification would be easier. It is now known that this approach could have been
successful for certain sex pheromones as some species do have significant amounts
of the alcohol precursor.

The second technique was an attempt to use a short column, packed with a GC
stationary phase at room temperature, to trap volatiles in air drawn over live insects.
Various purge and trap methods (on a variety of adsorbents) have been used widely
with varying degrees of success ever since and solid phase extraction is also a
commonly used method nowadays.

2.6 Highlights

This period was marked by many imaginative discussions with all those involved.
Items of particular note would include.

The successful use of preparative GC for the collection of eluting compounds for
adsorption on powdered graphite and mass spectral analysis.

The modification of the procedure to allow trapping of more volatile eluting
compounds directly from the gas phase onto powdered graphite for mass spectral
analysis of pg amounts.

The construction of a simple and successful isothermal preparative GC from an old
stove purchased for R 5.00.

The design and building of a successful flat bed disc gel electrophoresis apparatus
with rapid transverse destaining using a car battery charger as the power supply.

The relatively successful early studies on lepidopteran sex pheromones with no
exposure to any other groups working in this area.

The successful completion of projects on the method of trail-laying in Crematogaster
species and its alarm pheromones, and the successful analysis of the Dufours gland

compounds of A. custodiens, again with no exposure to any other workers in the
area.



This was really a time of developing techniques to separate, collect and identify
small amounts of volatile compounds. Due to the need to develop most methodology
in house, imagination was allowed to run free.
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3. Department of Entomology
University of Georgia
Laboratory of M S Blum
1970 - 1978

3.1 Fire Ant Venoms

In September 1970 | joined M S Blum in the Entomology Department of the
University of Georgia. The chemistry of the major venom alkaloids of the imported
fire ant had just been established in this laboratory. A project on the comparison of
the structures of the venom alkaloids in the two imported species and the two main
local species was begun. It was established that each species contained 2,6-
disubstituted piperidines that were distinctive of the species, and that S. xyloni
contained a possible precursor of certain of the alkaloids (10). In this study, the high-
boiling eluting GC fractions were trapped in glass tubes, eluted in solvent, and
adsorbed on graphite for mass spectral analysis. In addition, this was the first co-
operative project with H M Fales of the NIH and his LKB-9000 GC-MS.

In all the Solenopsis species studied, the venom alkaloids in pooled samples were
found to be characteristic of the species (22, 26). Even though the venom alkaloids
of workers of the four species were characteristic of the species (10) it was observed
that the venom of alate females of each of these species was similar (24). From the
relative proportions of the alkaloids in alate females and workers of these species, a
probable ancestral alkaloidal state is suggested (24). This exercise in biochemical
evolution was initiated by discussions on the implications of the various findings with
the well-known biosystematist, H H Ross. As S. geminata was available locally, had
the simplest venom chemistry, and had recognisable soldier castes, it was chosen
for the analysis of individual variation and the variation between soldier and worker
castes (25). The results obtained thus far on fire ant venoms were integrated into a
coherent whole on the topic of the contribution of fire ant venom alkaloids to
chemosystematics and biochemical evolution (40).

3.2 Ant Alarm Pheromones

While studies on fire ant venoms were in progress, volatiles from glandular sources
of other ants were also investigated. This series of papers is a mixed bag of reports
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of various kinds and will therefore be presented briefly in chronological order of
publication.

The identification of manicone (4,6-dimethyl-4-octene-3-one) in the mandibular
glands of two Manica species (12) supported the removal of these two species from
the genus Myrmica which does not have this compound. In collaboration with R H
Wright, the molecular vibrations of a variety of compounds were correlated with their
alarm activity on [ridomyrmex pruinosus (17).

The major components identified from various alate males of Camponotus species
were identified as mellein (3,4-dihydro-8-hydroxy-3-methylisocoumarin), methyl
anthranilate, and methyl 6-methylsalicylate, and 2,4-dimethyl-2-hexenoic acid
(20,21). However, no definitive behavioural work has been done on these
compounds.

Monoterpene hydrocarbons, identified in the poison gland of Myrmicaria natalensis,
are unique to this myrmicine genus (27) and apparently function in an alarm-defence
context. 6-Methyl-5-heptene-2-one occurs as the major component of 8 species of
Formica in the subgenera Neoformica and Proformica (34). Again, this compound,
as a major component, appears to be unique to these Formica species.

The primitive fungus-growing ant, Mycocepurus goeldii, produces the novel aromatic
ketone o-aminoacetophenone in the mandibular gland (46). This compound was
easy to identify as it has a grape-like odour and reminded me of methyl anthranilate
identified earlier from carpenter ants (21).

3.3 Ant Trail Pheromones

The source of the trail pheromone and method of trail laying in the myrmicine ant,
Crematogaster peringueyi (6) has already been mentioned. While work on fire ant
venoms was in progress, the isolation and identification of the trail pheromones of
the two imported species was attempted. Single compounds were isolated from each
species and the mass spectrum and NMR spectrum of each suggested a farnesene
and a homofarnesene as likely substances. On leaving the University of Georgia the
data was passed on to workers in the USDA who later completed the study and
confirmed our tentative identifications. Species specificity studies of active fractions,
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after GC fractionation, established that the trail pheromones of the two imported
were species specific, and that the two main local species appeared to have a
common trail pheromone (31).

Worker ants of the formicine genus, Camponotus, \ay trails from the hindgut. The
trail pheromone of C. pennsylvanicus appeared to be a single gas chromatographic
peak. Hindgut extracts of other Camponotus species showed that C. pennsylvanicus
could follow the trail of other species (33). No active compound was identified but an
acidic compound was suspected.

3.4 Beetle, Bee and Millipede Defensive Secretions and
Lepidopteran Pheromones

A few other arthropod secretions received attention. Larvae of the leaf beetle,
Chrysomela interrupta, produce a defensive secretion in their eversible thoracic and
abdominal glands. Two esters, unknown from animal sources, were identified in this
secretion (11). Another chrysomelid leaf beetle, Gastrophysa cyanea, has a
secretion composed primarily of chrysomelidial (2-(2-formyl-3-methyi-2-
cyclopentenyl)propanal) and its enol lactone (39). This secretion is particularly
effective in repelling ants, including fire ants.

The free-living staphylinid beetle, Drusilla canaliculata, scavenges on dead insects
and has an effective defensive secretion. Fifteen compounds were identified from
the tergal gland exudate (18) and this remains one of the most complex secretions
analysed from any coleopteran species. It contains alkanes, alkenes, aldehydes and
quinones. The structural relationship between the alkanes, alkenes and aldehydes
suggests a biosynthetic pathway linking these chemical classes.

Certain carpenter bees in the genus Ceratina have mandibular glands that contain

terpenoid compounds and n-pentadecane (37). These compounds act in a defensive
context.

The millipede, Oxidus gracilis, was collected from leaf litter of hardwood forests near
Athens, Georgia. While bending over with a small dish in one hand containing a
number of millipedes and scratching around in the leaf litter, | found that | became
distinctly faint on a number of occasions. These millipedes were found to release
benzaldehyde and phenol (19), the former compound arising from the release of



13

cyanide from mandelonitrile. Another polydesmid millipede was found to release
guaiacol, in addition to benzaldehyde and phenol (28).

Many male Lepidoptera possess modified scales which release sex pheromones to
promote successful male courtship. Male army worm scent brush secretion was
extracted in solvent, separated by GC and trapped on graphite for MS analysis.
Benzaldehyde, benzyl alcohol and benzoic acid were identified and their activity
bioassayed by means of electroantennograms (16).

3.5 Reviews

Two review articles were co-authored. The one on Social Insect Pheromones (14)
was extremely well received with over 1000 reprint requests being mailed out. My
contribution to the other on Electron Impact Mass Spectrometry (13) consisted of H
M Fales including some of the data we had both worked on.

36 Highlights

The three years spent in Athens, Georgia, were both fun and particularly productive
due largely to the competence and enthusiasm of M S Blum of the Entomology
Department and the mass spectrometrist, H M Fales, of the NIH.

The comparison of the venom chemistry of certain fire ants and the use of chemical
compounds as characteristics for a contribution to biochemical evolution.

The identification of a variety of compounds from ants, many of them new to our
knowledge of myrmicine and formicine glandular products.

The opportunity to exploit the technique of preparative GC and adsorption of eluting
substances on graphite for mass spectral analysis.

The introduction to GC-MS with H M Fales at the NIH.

The realisation that the natural world of arthropods offers one the opportunity to
discover and study the broad topic of chemical ecology.
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4. Department of Microbiology
University of lowa
Laboratory of A J Markovetz
1973 - 1988

| started in the Microbiology Department of the University of lowa in August 1973 in
the laboratory of A J Markovetz. This laboratory had worked on the subterminal
degradation of alkanes and alkenes of C,5 and C,, chain length by bacteria and
fungi. 2-Ketones and acetate esters were confirmed intermediates in the degradative
pathway. My having been involved in the isolation and identification of small
amounts of similar compounds was a major reason for joining this laboratory. We
planned to use mass spectrometry to prove the bacterial Baeyer Villiger reaction for
the conversion of 2-ketones to acetate esters, and intended to initiate a study on the
possible synthesis of insect pheromones by micro-organisms.

4.1 Microbial Degradation of Alkanes

Certain bacteria and fungi were known to degrade alkanes subterminally. A major
identified product from n-C,; was 2-tridecanone and it was thought that this ketone
was converted to an acetate ester by the direct insertion of molecular oxygen in the
carbon-carbon bond adjacent to the carbonyl group. Proof of this reaction would
require mass spectrometry. Cell-free extracts of Pseudomonas cepacia were
supplied with 2-tridecanone, NADPH, 180, and an esterase inhibitor. The
accumulated undecyl acetate was separated by preparative GC and trapped on
graphite for mass spectral analysis. Appropriate ions of the '80O-containing ester

confirmed the incorporation of molecular oxygen into the carbon-carbon bond to form
an acetate ester (29).

The Dufours gland of certain formicines contains alkanes, 2-ketones and acetate
esters (C,5 chain length). Formica schaufussi, a formicine ant collected lowa,
contains large amounts of undecyl acetate. Feeding 14C labelled acetate to these
ants showed that acetate is used in the formation of the ester, and that a reaction
similar to the microbial Baeyer Villiger reaction does not take place (42).

As many alkanes actually end up in an anaerobic environment, A J Markovetz and
myself discussed the possibility of the anaerobic degradation of alkane
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hydrocarbons. For a chemical reaction to take place, certain thermodynamic
conditions must be met. We attempted to set up conditions that might be favourable
but were never able to establish the presence of any intermediates. A theoretical
presentation of the problem was published (49) and this brief paper must surely
have taken more thought than just about any other published work of mine.

4.2 Micro-organisms and Bark Beetle Pheromones

Many bark beetles produce aggregation pheromones in their hindgut. As the hindgut
contains a large variety of diverse micro-organisms it was considered that the
production of bark beetle pheromones would be an ideal topic to study the possible
involvement of micro-organisms in insect pheromone synthesis. Pine bark beetles
are exposed to a-pinene vapours in their galleries and many use cis- and frans-
verbenol for aggregation, and later use verbenone for the termination of
aggregation.

Ips paraconfusus feeding in the phloem of Ponderosa pine were obtained and a
variety of micro-organisms isolated from the hindgut contents. One of these, a strain
of Bacillus cereus, was found capable of producing cis- and trans-verbenol from o-
pinene (30). Females of the southern pine beetle, Dendroctonus frontalis, have a
mycangium in which they carry certain specific micro-organisms. These micro-
organisms develop in the phloem galleries during the attack phase of these beetles.
It was shown that exposure of one of the mycangial fungi to frans-verbenol
converted it rapidly to verbenone (32). It was proposed that growth of this fungus in
phloem galleries could be directly involved in the termination of the aggregation and
attack phase of these beetles, a process known to be mediated by increasing
amounts of verbenone.

A mycangial fungus (SJB-133) of D. frontalis, when grown in both liquid and solid
culture, had a distinct fruity odour. GC-MS analysis identified isoamyl alcohol, a
typical fermentation product, as well as 6-methyl-5-hepten-2-one and 6-methyl-5-
hepten-2-ol (35). It was never established whether these compounds are involved in
the behavioural responses of the southern pine beetle.

However, the involvement of metabolites of yeasts associated with D. frontalis in the
enhancement of the aggregation pheromone was clearly established (36). Two
major yeasts associated with the southern pine beetle produced a variety of fairly
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typical fermentation products (isoamyl alcohol, isoamyl acetate, 2-phenyl ethanol
and 2-phenylethyl acetate). The esters in particular greatly enhanced the
attractiveness of a typical 'pheromone’ blend of frontalin - frans-verbenol - turpentine
(1:1:12) to walking beetles in laboratory bioassay. These bioassays were conducted
by well-known bark beetle experts at Texas A&M as part of their routine bioassays.
However, | could never convince them that microbial metabolites should be a part of
their field bioassay program as it did not fit in with the specific aims of their funded
research programs. While certain microbial products appear to be involved in the
overall attractiveness of the 'pheromone blend' of the southern pine beetle, it has
never been proved under field conditions.

This study on the southern pine beetle and its associated mycangial fungi and
yeasts ended with a brief look at dimorphism in Ceratocystis minor var. barrasii (38).
Unfortunately, the galley proof of this paper was never received and it appeared with
a number of errors.

4.3 Review

R M Silverstein had been approached by Springer Verlag to write a review on insect
pheromones for publication in 'Progress in the Chemistry of Organic Natural
Products'and he wanted to include something a little different from the usual reviews
that had appeared recently. As | had shown an interest in the biosynthesis of certain
insect pheromones | was asked to collaborate on the writing of the review article
with biosynthesis as one of the main topics (43). This review proved to be a major
effort and has been cited widely.

4.4 Co-operation with Other University of lowa Departments

Department of Medicinal Chemistry
College of Pharmacy

It is well established that certain enzymes and biological receptors recognise
compounds with similar structural features. Quantum chemists have attempted to
predict the structures of potentially active drugs from calculations alone i.e. prior to
the synthesis and testing of a compound. J F Caputo and myself decided to attempt
quantum chemical calculations on a series of compounds that were structurally
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related and had been bioassayed independently as trail pheromones of an ant (41).
It was found that the most active compounds all had a similar charge on the N-atom
of the pyrrolic ring. This was as far as we got and to my knowledge no one has
picked up on this topic since this paper was published.

Department of Obstetrics and Gynecology
University Hospitals and Clinics

R P Galask of this department had a joint appointment in the Microbiology
department. We had had a number of discussions on the identification of odours and
the fact that many patients with bacterial vaginosis had a discharge with a fishy
odour led to a co-operative research project. | considered that the odour might be
trimethylamine and developed a GC method with packed columns that analysed the
headspace above a sample of discharge made basic with alkali. The presence of
trimethylamine only in those discharges with a fishy odour was proved by GC-MS,
again on a packed column, The source of the compound and the organism(s)
responsible have not been conclusively established (58).

4.5 Highlights

The first project concerned the source of oxygen in undecyl acetate formed by what
we suspected to be an enzymatic Baeyer Villiger reaction. Resolving the various

compounds by packed column GC was easy. The only mass spectrometer available
was an old Hitachi RMU-6 with a solid probe. This proved to be ideal for introducing
a sample trapped on graphite. A sample was also run by H M Fales at NIH on his

LKB-9000, which confirmed our results, and the problem was soon solved. This was
the culmination of a project started by A J Markovetz some years earlier and was at

an ideal stage for the trapping on graphite of an eluting compound for mass spectral
analysis.

This project also led me to understand more about thermodynamics than | had ever
known when we considered the anaerobic degradation of highly reduced
compounds.

The synthesis of insect pheromones by microorganisms seemed most feasible for
those pheromones known to be produced in the gut, especially those that could be
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produced by the modification of ingested substances. Bark beetles were chosen for
this study and the results obtained strongly indicate that certain bark beetle
pheromone blends might well include-compounds produced by associated
microorganisms.

The writing of a review with R M Silverstein and J C Young indicated that some of
my thoughts and data were taken seriously by some people. This long review has
been well received and cited widely.

The brief co-operative projects with other departments looked at interesting
diversions from the usual insect and microbial work.
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5. Department of Biochemistry
University of Fort Hare
1978 - 1995

At the end of 1978 | accepted the position of Professor of Biochemistry at the
University of Fort Hare. The only two lecturing staff at that time had Masters degrees
and were grossly overworked. There was little time for any in-depth research
projects and post graduate students were few. In the past 15 years | have
supervised 2 Masters students and very recently co-supervised 1 Masters and 1
Doctoral student. Any research must therefore be done largely by oneself. In
addition, the infrastructure of Fort Hare is not supportive of departments and most
are understaffed. Also, a GC-MS was not available to me for the first 11 years.

Bearing these and other factors in mind | needed to get staff members involved in
research and also needed to impress upon them the need to publish the results of
research. Therefore, some of the published output from this department over the
past 16 years has involved teaching topics, research training, as well as my own
personal research.

5.1 Teaching

W A Lindner and myself found that certain topics in Physical Biochemistry were not
presented satisfactorily in text books. Qur attempted teaching of Activation Energy
led us to write a coherent approach to this fundamental topic (50). Teaching the
relevance of Thermodynamics to second year Biochemistry students is also not a
simple matter as living systems are open systems with many reactions in a steady
state. A short paper was published on predicting the reaction direction of steady
state reactions (56). Finally, the Svedberg equation presented an opportunity to
write a short account of a more coherent approach to its understanding (62).

5.2 Research Training

The Biochemistry department had started a project on cellulase production with the
final intention being the microbial degradation of sugar cane bagasse to fermentable
sugars. This was part of a National program on this topic. In addition, the only
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microbiologist at Fort Hare had a research program investigating soft rot of maize by
the bacterium, Erwinia chrysanthemi. A number of short papers were written on
these topics and published in Fort Hare Papers (44,45,48,51) and presented at
meetings and published in the proceedings of the meeting (47).

The cellulase program was soon terminated as it was realised that, while J S S Gray
had a number of good ideas on the topic, we did not have the facilities to carry them
out and thereby justify any research funding. Certain of these short papers
culminated in the publication by J S S Gray and others of an in depth study in the
Journal of Bacteriology on E. chrysanthemi (60), and later an excellent study on the
structure of a polysaccharide from E. chrysanthemi in collaboration with

R Montgomery and T C Koerner of the University of lowa (70).

The desperate need for some dry silica gel one evening led us to put a beaker of it
in the microwave to see if it would dry it. Ten minutes later we had it and this led to
the short note published in Journal of Chemical Education (57).

W A Lindner was encouraged to begin a project on enzymes in guttation fluid of
maize (63) and later Helianthus annuus (67). Th