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PLANT LIPIDS

Therational use of natural products

Plant research is yielding information that may lead
to increased use of natural products from microorgan-
isms, and some higher plants, for agrochemical and
other purposes (perhaps even helping produce higher
value wines). Horace G. Cutler, of the USDA/ARS’
Richard B. Russell Center in Athens, Georgia, pre-
pared this review of recent developments at the re-
quest of JAOCS Associate Editor for News W. David
Nes, also of the Russell Center.

When Columbus discovered the West Indies in 1492
{not America; he never set foot on the mainland of
either South or North America), he was to put into
motion a number of events that would revolutionize
the known world of his day. The times were unlike
any other in the history of western civilization. The
Reneissance was in bloom, art and architecture were
flourishing and the marriage of chemistry and medi-
cine was about to be consummated in the context of
two very unlikely characters: Frobenius, a publisher
who lived in Basel, Switzerland, and, Paracelsus, a
genius who practiced medicine and indulged himself
with women and drink. These two men knew each
other well. Paracelsus saved Frobenius's leg, which
was slated for amputation after it had become in-
fected, by using mercury. And, furthermore, he used
his new art of formulated mercuric medicines to con-
trol syphilis which, it is believed, probably had been
brought back to Europe by sailors aboard Colum-
bus’s ships. Syphilis has been documented in the skele-
tal bones of pre-Columbian American Indians. But
whatever the source, Paracelsus successfully employed
mercury to treat syphilis. Unfortunately, mercury is
a heavy metal that can produce nasty side effects in
humans and the cure may be as bad as the disease.

A further development in medicinal chemistry
took place in 1910 when Paul Ehrlich introduced ars-
phenamine *‘606,” Salvarsan, to the world specifi-
cally to treat syphilis but, like mercury, arsenic (from
which arsphenamine was made) also tends to have
toxic properties. However, the compound was not as
toxic as the mercury that Paracelsus had employed
and arsenic has the unique property of being expelled
by the body into the hair where it forms, in the shaft,
a bolus of concentrated arsenic. The classic example
concerns Napoleon who, in his last exile on remote
St. Helena, died of arsenic poisoning—his hair shafts
contained knots of arsenic—and the blame was laid
on the British whom, it was claimed, had seen to it
that Napoleon would cause no further disturbances
in Europe. In fact, recent historical research indi-
cates that his attending physician, a Frenchman, gave
him arsenic laced wine because the doctor had some
good political things going in France and wished to
leave his master permanently behind.

The breakthrough for the control of syphilis came
with the discovery of penicillin by Florey and Chain

in the early 1940s and it was these isomeric antibiotic
natural products obtained from Penicillium notatum
and P. chrysogenum that were to change the nature
of pharmaceuticals. For the first time in modern his-
tory, non-persistent medicinals had come into large-
scale use that were either metabolized by the body
or excreted into the environment to be biodegraded.

Another significant development in medicine oc-
curred in 1796, when Edward Jenner performed the
first successful use of vaccination, using cowpox fluid
obtained from the vesicles on the hands of an infected
milkmaid to protect an 8-year-old boy against small-
pox. Jenner had made the astute observation that
people who worked with cows appeared to be immune
to the ravages of smallpox.

It is important to realize that, in retrospect, these
were two major evolutionary advances in medicinal
chemistry. The use of penicillin was a change from
the use of toxic, heavy metals, which were difficult
to flush from the body, to biodegradable natural prod-
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ucts. Jenner's vaccination involved the use of micro-
organisms to control specific diseases. These are two
developmental events which, today for the most part,
we take for granted. Yet it is precisely a reiteration
of these events that is taking place in agriculture.
We are aware that certain agrochemicals may pollute
the environment and that even though they may de-
grade eventually there may be a price to be paid
during the time that they persist. Thus, biodegrad-
able natural products of microbial or plant origin and
their derivatives may be suitable substitutes for hard
pesticides. Another may be the use of microorgan-
isms in either their native state, as with Bacillus
thuringiensis to control insects, or in the engineered
state where certain bits of genetic information that
encode for the production of specific biologically ac-
tive natural products are spliced into microorganisms
that can be grown with facility. These, in turn, may
be field applied. Since knowledge does not exist in a
random state, we shall look at a select number of
natural products derived from microorganisms (and
some higher plants) and examine their potential use
in agriculture and their use in apparently unrelated
areas.

Amino acids and ‘pseudo-amino acids’

The cyclic oligopeptides of microbial origin are singu-
larly interesting to synthetic chemists, especially those
compounds that have biological activity. The fact
that they are composed of the natural L-amino and
unnatural D-amino acids immediately brings to mind
at least two questions. First, what happens if the
sequence is changed to all I.-amino acids, or D-amino
acids and, second, why does the organism bother to
make compounds that contain a mixture of L- and
D-amino acids? Then, of course, there are the permu-
tations for synthetic substitutions of the I- with the
D-species, vice-versa, and scrambling of the sequences
so that, theoretically, a data bank could be built for
structure-biological activity relationships and, subse-
quently, the potential for making patentable agro-
chemicals.

It happened that certain fungal cultures were
destroyed by infections of Bacillus subtilis (Cohen)
and in the case under discussion, an observant scien-
tist noted that his strain of B. subtilis was a potent
inhibitor of Monilinia fructicola (Wint) Honey (1). M.
fructicola, brown rot of stone fruit, is especially dam-
aging to peaches following harvest and the organism
has become resistant to certain fungicides including
benomyl and other benzimidazoles {2). When crude
preparations of B. subtilis were applied to harvested
peaches that had been inoculated with M. fructicola, a
potent antifungal response was noted. It transpired
that Iturin A (Fig. 1) (3) and Iturin A-2, A-3 (4) (a
mixture) were the responsible agents and it had been
reported that these oligopeptides had medicinal value.
In plant bioassays, the mixture inhibited the growth
of etiolated wheat coleoptiles 48-81% during various
stages of purification and control of M. fructicola was
excellent. A role for the Iturins in agriculture is now
clear (2).
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FIG. 2. Tentoxin

However, the structure consists of both D- and
L-amino acids and contains L-asparagine, D-tyrosine,
D-asparagine, L-glycine. L-proline, D-asparagine, L-
serine and the anteiso and iso C,, and C,, beta-
aminoacids, depending upon the particular antibiotic
species. Why B. subtilis makes 1 mole of L-asparag-
ine and 2 moles of D-asparagine is not clear; neither
is the role of these chemical species insofar as biologi-
cal activity is concerned. The molecule offers further
synthetic elaboration because there are four -CONH,
residues and one p-hydroxyl function available for
derivatization. But an intriguing question remains:
do the hydrolytic fragments of Iturin A, A-2, and A-3
have biological activity? This question becomes more
critical upon examination of the next oligopeptide
tentoxin.

Tentoxin (Fig. 2) is a cyclic tetrapeptide that con-
tains the amino acids L-leucine, L-N-methylalanine,
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glycine, L-N-methyldehydrophenylalanine and is found
in Alternaria tenuis (A. alternata), A. mali and A. citri
{5,6). The latter two are found in apple and citrus
(Dancy tangerine, Citrus reticulata and mandarin cul-
tivars) respectively (7,8). The toxin causes chlorosis
in lettuce and mung bean but not in corn or tomato
plants. This selectivity suggests that tentoxin may
have herbicidal value or that synthetic derivatives
and fragments may retain specificity and biological
activity. Consequently, both avenues were explored
and the products tested in plant systems. The results
were surprising. First, N-methylalanine was replaced
by proline and while this product, {Pro!jtentoxin, in-
duced moderate chlorosis in pitted morning glory it
elicited intense chlorosis in Barnyard grass and let-
tuce. In contrast, tentoxin caused intense chlorosis
in all three species.

Another synthetic manipulation was the fragmen-
tation of tentoxin to produce a tripeptide which was
then elaborated (8). Three of these derivatives exhib-
ited unique and unpredictable responses in bioassays.
These were:

(a) tert-butyloxycarbonyl(Boc-Val-N-(C,H,) AzPhe-

Gly-OMe;

(b) Boc-Leu-N(C,H;)A:Phe-Gly-OMe; and

{c) Boc-Leu-N{(CH,)A*Phe-Gly-OMe,
and it is clear that synthetic (c) most readily resem-
bled a natural tentoxin fragment because of the
-N(CH,)A*Phe substitution as opposed to the
-N(C,H,)AsPhe derivative. In etiolated wheat coleop-
tile tests, compounds (a) and (b) which contained the
C,H, residue significantly (P<0.010) inhibited growth
at 10-3M but, also, significantly promoted extension
at 10-«M, and produced exactly the same response
as indole-3-acetic acid. At 10-*M, (a) did not promote
growth, but (b) did. Analog (c) inhibited coleoptile
extension at 10-3 and 10-4M. Bioassays, using cress
seedlings, revealed that (a) and (b} promoted root
growth 40 and 10%, respectively. In lettuce seedling
assays, (a) produced no response, but (b) promoted
lettuce roots 40-50%. As might be anticipated, frag-
ment (c) inhibited cress and lettuce 50% and 60%.

Other research has uncovered the presence of dihy-
drotentoxin (Fig. 3} in Altenaria citri (10): this differs
structurally from fentoxin by a singular amino acid.
That is, N-methyldehydrophenylalanine is replaced
by N-methylphenylalanine and it is precisely the ad-
dition of two hydrogen atoms that changes the spe-
cific activity of the molecule. Tentoxin induces chlo-
rosis in lettuce seedlings at 0.4~0.8 ug/ml; dihydroten-
toxin concentrations have to be at least 100 ug/ml to
induce the same response. This observation quickly
leads to thoughts about substituting D-amino acids
for L- in dihydrotentoxin (all are L-) and this question
has been partially answered. As we observed earlier,
tentoxin was more active than dihydrotentoxin and
it was during the isolation of dihydrotentoxin that
the possibility that perhaps dihydrotentoxin was in-
active completely and that the activity observed when
it was tested on lettuce may have been due to trace
amounts of tentoxin. Therefore, by reducing tentoxin

with hydrogen, using a palladium catalyst, dihydro-
tentoxin was produced. All the physical data of the
synthetic product matched the authentic natural prod-
uct with one exception: the values for the optical
rotations were totally different. And the synthetic
lacked any biological activity. Following digestion
with 2N HCI and critical analysis of N-methylphen-
ylalanine it was discovered that the amino acid had
a D-configuration as opposed to L-. Thus, the L-
leucine, L-N-methylalanine, glycine, D-N-methylphen-
ylalanine derivative has no biological activity. But
does there exist in nature a substituted phenyl spe-
cies of either tentoxin or dihydrotentoxin: can a syn-
thetic product be made that has substitutions at the
ortho, meta, or para positions?

There are a handful of other cyclic oligopeptides
that have shown high specific activity but the most
active of these are the AM toxins I, II, III from
Alternaria mali (11,12) and these are mentioned be-
cause both AM toxins I and III are exceptionally
toxic to ‘““Indo” apple cultivars at 0.1 ppb and these
metabolites induce necrosis in resistant ‘“Jonathan’
cultivars at 1.0 and 10 ppm respectively. Again, as
with the cyclic oligopeptides discussed, the possibili-
ties for obtaining biologically active fragments that
may have fixed or flexible backbones, thereby alter-
ing activity, are numerous.

In considering the oligopeptide fragments it is
inevitable that one arrives at the individual compo-
nents, the amino acids. One of the more significant
advances in agriculture in recent times has been the
practical use of ethylene to induce ripening in fruits,
vegetables and other crops, like tobacco. Ethylene is
a natural product and its apparent genesis is from the
amino acid methionine (13). The “pseudo-amino acid,”
l-aminocyclopropane-1-carboxylic acid (Fig. 4) is a
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curious species because it is a small molecule yet has
two functional sites for synthesis, and we know that
it is biologically active.

In an apparently unrelated piece of research, a
chemist at the University of Georgia was engaged in
making synthetic sweeteners for producing low calo-
rie diet drinks and baked goods. The product had to
have at least three properties: it had to be several
orders of magnitude greater in sweetness than su-
crose; there must be no lingering aftertaste; it should
withstand baking temperatures and not be degraded.
The market product Aspartame (N-L-a-aspartyl-L-
phenylalanine-methyl ester) is sweeter than sucrose,
but it degrades on heating and also is toxic to phen-
ylketonurics because it contains phenylalanine (Fig.
5). So the materials used by the Georgia group were
1-aminocyclopropane carboxylic acid and aspartic acid.
In what must have appeared to be a logical progres-
sion of experiments, the carboxyl group was esteri-
fied with straight chain and branched chained alco-
hols so that the most satisfactory product was L-
aspartyl-1-aminocyclopropane carboxylate n-propyl es-
ter (Fig. 6) (14). It was this compound that was ~300
times sweeter than sucrose, had no lingering after-
taste, did not degrade at temperatures below 171°C,
was not toxic to phenylketonurics and, to date, has
shown no toxic effects. The sociological effects of
such a discovery are staggering especially in societies
with high caloric intake, for those who have difficulty
dieting and for those who suffer from diabetes. It is
also tempting to speculate that because 1-aminocy-
clopropane carboxylate occurs naturally there must
be oligomeric deviates that have attractive proper-
ties. And again, because two functional groups are
readily available for synthetic work, many potential
derivatives come to mind.

The 1-amino-1-carboxylic acid derivative story does
not end there. Over 20 years ago a compound, 1-amino-
2-nitrocyclopentane carboxylic acid (Fig. 7), was iso-
lated from culture filtrates of A. wentii (15). Early
experiments with culture filtrates of A. wentii dem-
onstrated that foliar sprays and root zone applica-
tions induced yellow strapleaf in chrysanthemum and
frenching in tobacco, both responses being, at least,
morphological (16). Applications of pure 1l-amino-2-
nitrocyclopentane carboxylic acid induced exactly the
same responses as those observed with the culture
filtrate. In attempting to determine the mode of ac-
tion of the fungal metabolite, it was ascertained that
either DL alloisoleucine or DL isoleucine induced yel-
low strapleaf in chrysanthemum when they were ap-
plied to the root zone with two minor differences:
1-amino-2-nitrocyclopentane carboxylic acid, and the
persistence of the isoleucine isomers was longer with
respect to the strapleaf response. It has, therefore,
been postulated that 1-amino-2-nitrocyclopentane car-
boxylic acid may act by blocking the metabolism of
leucine in plants. But the question remains as to how
many plant species were challenged with the natural
product. Furthermore, it is interesting and perhaps
more than coincidental that L-leucine forms part of

the backbone of tentoxin and that L-isoleucine occurs
in the tetrapeptide phytotoxins cyl-1 and cyl-2 from
Cylindrocladium scoparium (17-19). At least this sug-
gests that leucine and its congeners may be candi-
dates for further synthetic work.

The ultimate biodegradable herbicide obtained,
so far, is the isopropylamine salt of N-
(phosphonomethyl) glycine, (Fig. 8), Roundup, and is
a molecule based on the simplest amino acid. It is
elegant testimony to natural products that such a
simple molecule has produced such an outstanding
herbicide. And, by way of a cryptic footnote, glycine
has a characteristic sweet taste.

While a great deal of emphasis has been given
to the effects of oligopeptides and amino acids on
plants, at least one example should be given for in-
sects. And that example is a Japanese one that ap-
peared in 1984 (20). At that time, L-alanosine (Fig.
9) was isolated from an unidentified species of Strep-
tomyces and when it was fed to fourth-instar larvae
of the common army worm, Leucania separata, in
artificial diet, the effects on ecdysis were dramatic.
At diet rates as low as 5 ppm, head capsule removal
was inhibited in 50% of the larvae. With rates of 40
ppm, head capsule removal was completely inhibited
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and shedding of the cuticle did not occur. The cab-
bage armyworm, Mamestra brassicae, was also af-
fected the same way. Now it is important to recognize
that I,-alanosine had originally been isolated from
Streptomyces alanosinicus for different reasons. in
1966, by Murthy et al, specifically as an antiviral
and antitumor agent {21,22). The importance of these
divergent, but identical, discoveries gives rise to two
observations. First, disciplines fail to communicate
with each other and if they do so only by publication,
one discipline usually dismisses the work of the other
as irrelevant. Second, 23 years have passed since the
initial discovery of L-alanosine and 5 years have passed
since the extremely important and pracgical discov-
ery of its insecticidal properties by the Japanese. The
molecule contains at least three functional groups
that may be used directly for synthetic elaboration
{the N=0 function may be considered a fourth) and,
indeed, the molecule is ripe for synthetic exploitation
both as an insecticide and as an antiviral or antitu-
mor agent.

Novel natural products

Many examples can be shown to demonstrate that
there are novel natural products that have biological
activity and potential use in agriculture. Some of
them have originated in our laboratory, and we are
often asked about the odds of finding novel struc-
tures that have activity. It has been our experience
that approximately 10% of all accessed microorgan-
isms may produce new compounds or new classes of
compounds. This depends largely on the geographical
source of the organism and the knowledge to know
where to collect. Recently we have discovered two
new classes of compounds. They are cinereain (Fig.
10} from Botrytis cinerea (23} and koninginin A (Fig.
11) from Trichoderma koningii (24). Botrytis cinerea
is a fungus that attacks fruits and vegetables in the
field and in storage. It is best known in Europe and
California for its attack on grapes where it produces
the ‘‘noble rot” and a vintage of rare flavor in Sau-
ternes and related wines. It is said that people who
drink the wines fall into two distinct classes: they
either like the wine or dislike it intensely. Whichever,
the cost is approximately triple to quadruple the nor-
mal price and it is difficult to obtain outside the
production area. Our strain of B. cinerea was ob-
tained from the surface of stored sunflower seed (He-
lianthus annuus l..) and subsequently cultured on
solid medium. Cinereain eventually was isolated and
its structure determined by single crystal diffraction
techniques. The metabolite was inhibitory to the
growth of etiolated wheat coleoptiles; at 10-* and
10 *M they were inhibited 100 and 34% respectively.
Greenhouse tests were conducted on bean, corn, and
tobacco plants but only corn exhibited symptoms of
slight necrosis and mild chlorosis. No effects were
noted in tests with selected Gram-positive and Gram-
negative bacteria. The structure is unique and the
oxepine structure is rare among natural products.
The compound was not tested in vertebrate systems,
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neither was it assayed from organoleptic properties.
If this compound is present in Sauterne grapes at
pressing, and if the compound remains the same dur-
ing fermentation or is biotransformed. it may be pos-
sible to reproduce some of the flavor of *‘noble rot™
wines by artificial means. Unfortunately, only smail
amounts of cinereain presently exist but direct syn-
thesis may be possible and may give rise to precur-
sors that also possess biological activity.

Another novel structure is koninginin A, which
was isolated from Trichoderma koningii found grow-
ing on the roots and at the soil line of the ornamental
Diffenbachia sp. Koninginin has moderate activity
in the etiolated wheat coleoptile bioassay. It inhibits
coleoptiles at 10-*M but there is a series of related
compounds that have greater biological activity, and
the range and mode of action of the parent compound
and its congeners have still to be assessed. It has
been specifically included herein so that those who
question the presence of a relatively nonlipid slanted
article in a lipid journal may take up their writing
pads and pens and suggest a biosynthetic pathway.

I should like to mention in passing that scveral
lipids considered as secondary metabolites have now
been identified as natural products which control fun-
gal and plant growth, e.g., mevinolin (25), monensin
(26), steroidal alkaloids and azasteroids (27) and ce-
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rulenin (28). There are still numerous classes of com-
pounds to be discovered and the record will show that
many of these will be diverse and will exhibit specific
activity in select biological systems.

Conclusion

It becomes increasingly clear, as more and more iden-
tical secondary metabolites are isolated from diver-
gent genera of microorganisms, that the genetic code
that governs their synthesis has not been deleted
during evolution. Finally, it now appears that secon-
dary metabolites will fill at least four niches in the
future—that is, as biodegradable agrochemicals, as
templates for derivatization as biologically active sub-
stances, as markers in biosynthetic pathways and,
finally, as probes for genes and genetic expression.
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