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Abstract

Alternative methods for the production of several triterpenoid compounds
were investigated. The first compound, 15-glucopyranosylglaucarubolone, has
been isolated from the desert plant Castela emoryi (Gray) Moran and Felger
(Simaroubaceae) and has been found to have potent activity against grape downy
mildew (Plasmopara viticola) (Hoffmann et al., 1992). During the course of
this research, methods for the production of C. emoryi callus, suspension, root,
and shoot cultures were developed. These cultures were analyzed via HPLC for
the presence of 15-glucopyranosyl-glaucarubolone as well as two other closely
related compounds, glaucarubolone and holacanthone.

Biotransformation of holacanthone and glaucarubolone was also
investigated as a means of producing 15-glucopyranosylglaucarubolone.
Microbial transformation of holacanthone by five different microbes produced
glaucarubolone but not the glucoside. Excised root cultures of Castela emoryi
successfully converted glaucarubolone into the active metabolite 15-
glucopyranosylglaucarubolone. The excised shoot culture, on the other hand,
converted glaucarubolone into the acetylated compound, holacanthone.

The second half of this investigation involved the feasibility of converting
three triterpenoids (incanilin, argentatin A, and argentatin B) from the hybrid,

Parthenium argentatum x Parthenium tomentosa, into biologically active



compounds. These compounds, which are isolated in high yields from the
hybrid, are structurally similar to two compounds that have biological activity.
Deacetoxypapyrific acid, from the plant Betula glandulosa has been found to
have rodent antifeedant activity (Williams et al., 1992). Polacandrin from the
plant Polanisia dodecandra, has cytotoxic activity (Shi et al., 1992). Microbial
12B-hydroxylation was investigated as a first step towards generating the desired
activities.

Microbial transformation of incanilin acetate and argentatin A acetate by
Septomyxa affinis and Gibberella saubinetii generated the 3-keto reduction
metabolites, 20,24-epoxy-lanost-8-ene-3,25-diol-16-acetate and 20,24-epoxy-
cycloart-3,25-diol-16-acetate. In addition, the S. affinis transformations also
produced several interesting A-ring scission products: 20,24-epoxy-3,4-seco-
lanost-8-ene-4,25-diol-16-acetyl-3-oic acid; 20,24-epoxy-3,4-seco-cycloart-4,25-
diol-16-acetyl-3-oic acid; 20,24-epoxy-3,4-seco-lanost-1,8-diene-4,25-diol-16-
acetyl-3-oic acid; 20,24-epoxy-3,4-seco-cycloart-1-ene-4,25-diol-16-acetyl-3-oic
acid; and 20,24-epoxy-3,4-seco-lanost-1,4(28),8-triene-25-0l-16-acetyl-3-oic
acid. In the process of isolating incanilin and argentatin A, a new, previously
unreported triterpenoid, cycloart-25-ene-3-one-16,24-diol, was isolated and
identified by spectral analysis as the 16-acetate, 16-acetoxy-cycloart-25-ene-3-

one-24-ol.
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Chapter 1

Castela emoryi Cell and Tissue Culturing for the Production of
Glaucarubolone Glucoside

Introduction

Castela emoryi

Castela emoryi (Gray) Moran and Felger (previously known as
Holacantha emoryi Gray) is a desert plant found in dry gravely areas of southern
Arizona, southeastern California, and northern Mexico at between 500 and 2000
feet (Munz, 1974; Kearney and Peebles, 1942). Known by the common name of
crucifixion thorn, this is a spiny, for the most part leafless, shrub or small tree.

Medicinal Uses of Castela emoryi

Medicinally, Castela emoryi has been used as a preventative measure
against the intestinal protozoa that cause giardiasis (Giardia lamblia) and amebic
dysentery (Entamoeba histolytica) as well as being used to produce a sticky fly
paper (Moore, 1989). Castela emoryi is a member of the Simaroubaceae family,
and like C. emoryi a number of species in this family have been used in folk
medicine to treat dysentery, fevers, amebiasis, and other ailments (Polonsky et al.,
1980).

The Simaroubaceae are known for producing a class of extensively

oxidized triterpenoids, the quassinoids. Interest in the quassinoids increased in
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the early 1970’s with the finding that some of these compounds show marked
antileukemic activity. Since then, various quassinoids have been found to
display cytotoxicity (Seida, 1978; Fukamiya, 1988, Ohnishi et al., 1995),
antimalarial (Polonsky, 1983; Cabral et al., 1993), antiprotozoal (Phillipson et al.,
1993), antiviral (Polonsky, 1983), amoebicidal (Grieca et al., 1982; Casinovi et
al., 1983), insecticidal (Polonsky, 1983; Masayuki et al., 1993), and insect
antifeedant properties (Leskinen et al., 1984; Lidert et al., 1987; Polonsky et al.,
1989; Masayuki et al., 1993).
Antifungal Activity of Castela emoryi

Research conducted at the Bioresources Research Facility (BRF),
University of Arizona, found the methanol extract of Castela emoryi (Gray ) was
active against grape downy mildew (Plasmopara viticola), (Hoffmann et al.,
1992). This type of activity is desirable, as a large percentage of the European
grape crop is destroyed due to this fungus when the weather conditions are right.
Relatively few chemicals have been found to be effective against it, which has led
to concern over the potential of the fungus developing resistance to those
treatments that are currently available. The active constituent was identified as
15-glucopyranosylglaucarubolone (1) (or glaucarubolone-glucoside), by

comparison with published spectral data (Bhatnagar et al., 1984).
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(1) R=B-D-glucose
(2) R=H

(3) R=0Ac

Glaucarubolone-glucoside was found to have curative and preventative
activity against grape downy mildew at concentrations between 10 and 20 ppm.
This is as active or more active than the control compound, curzate, in both
assays. Based on these results, two closely related compounds, holacanthone (2)
and glaucarubolone (3) were also tested. Holacanthone was inactive against
grape downy mildew and demonstrated pronounced phytotoxicity at 100 ppm.
Glaucarubolone was inactive at up to 500 ppm.

These results are unusual in that for insecticidal and antitumor activity,
the less polar quassinoids are generally more active than their more polar
counterparts. For instance in the tobacco budworm antifeedant assay,
glaucarubolone has greater activity than its glucoside (Klocke et al., 1985). In
addition, glaucarubolone-glucoside was not found to be active against other types
of fungi. Approximately 30 to 40 other fungi were tested, including a downy
mildew that attacks tomatoes (considered to be the same species as grape downy
mildew, simply a different variety). Glaucarubolone-glucoside was inactive

against all of them.
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Glaucarubolone-glucoside is both highly selective for and highly active
against grape downy mildew, making it an attractive candidate for commercial
development. Unfortunately, the yield of glaucarubolone-glucoside from
Castela emoryi was low (0.001%) and C. emoryi is considered to be a slow
growing desert plant, thus making it impractical to produce the compound, via
agricultural means, on a large scale for use in the grape industry.

Plant Tissue Culture as a Means of Producing Secondary Metabolites
Such as Glaucarubolone-glucoside

One of the avenues investigated for the production of glaucarubolone-
glucoside was the use of plant cell and tissue culture. The concept of secondary
metabolite production from plant tissue culture has been investigated since the
1950’s because of the potential to control the factors that affect tissue growth and
product yield. Plants show tremendous variety in their biosynthetic pathways,
and the secondary metabolites they produce often exhibit potent biological
activities. Many of these compounds have been exploited for use as
pharmaceuticals, agricultural products, industrial products, and so on. In many
cases synthetic compounds have replaced the plant derived products. However,
many important natural products have complex structures which can not be
synthesized economically on a commercial basis. For these compounds, plants

are the only available source.
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Plants usually produce these highly active metabolites in minute
quantities, a fraction of a percent of the dry weight of the plant material. In
addition, these plants may be very slow-growing and take several years to mature
for harvest. Some plants require strict climatic conditions and are only available
from one region or country, and may be collected from the wild rather than being
cultivated. Environmental and political instabilities can make it difficult to
obtain some of these products. Deforestation is also destroying many natural
habitats.

For all of the above listed reasons, plant tissue culture has been
investigated as a potential alternative source for many important natural products.
Large-scale culturing of these plants could provide an inexpensive, continuous,
reliable source for these compounds.  Culturing allows the nutrients and
environment to be controlled, such that the tissue could be optimized for
generating product.  Tissue culture can provide simpler and more convenient
experimental systems than intact plants. In particular, cultures grown in liquid
media offer a very effective way of incorporating precursor materials which are
often difficult to administer to the entire plant. This makes them suitable for
biotransformations and biosynthetic studies.

Unfortunately, plant cell cultures commonly produce lower yields of
secondary products than the original plant. There are still important plant

species which fail to produce their desired products in the form of an
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undifferentiated cell culture (Schripsema and Verpoorte, 1995).  On the other
hand, some cell cultures produce compounds not previously known to occur in
the parent plant (Phillipson, 1990).

Culture systems, for the production of secondary metabolites, are time
consuming to develop and there is no guarantee of success. In addition,
undifferentiated cell cultures can be unstable, a cell line selected for high product
yield may stop generating the desired product after months or years of culturing.
The accumulation and storage of secondary metabolites in plants depends on
complex interactions between biosynthesis, transport, storage, and degradation.
The physiological control mechanisms of these processes are not well understood.
In addition, the accumulation of certain metabolites appears to require advanced
tissue differentiation or even organ formations in the culture.

Charlwood, Charlwood, and Molina-Torres (1990) have attributed the
inability of dedifferentiated cell cultures to produce certain metabolites to several
factors:

“ (1) The lack of expression in non-specialized cells of genes that control the
essential steps in the biosynthetic pathway;
(2) the diversion of substrate away from secondary product formation;
(3) the non-operation of transport mechanisms by which potentially toxic end-

products may be removed from the biosynthetic site;
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(4) the non-availability of storage sites in which secondary metabolites would
normally be sequestered; and
(5) the unregulated catabolism of synthesized product. “
Commercialization of Products from Plant Cell Culture

It has only been since 1982, with the commercial production of shikonin
by plant cell culture techniques, that this research has started to pay off.
Shikonin, a red pigment used as a silk dye and as an antiseptic, is currently
manufactured commercially (Mitsui Petrochemical Industries, Japan) from
cultured Lithospermum erythrorhizon cells by a two-stage fermentation process at
greatly increased yields over agricultural production (estimated cost effectiveness
is 800 times that of field grown plants). Ginseng cell biomass is also produced
on a commercial scale (Nitto Denko Co. Japan) via a fermentation process
(Misawa, 1994). It is now less expensive to obtain vanilla extract which
consumers prefer over the synthetic vanillin) from undifferentiated cultures than
from vanilla seed pods (Endref3, 1994).

Other products already commercialized or under development include:
Arbutin a pharmaceutical from Bergenia crassifolia (Mitsui and Shiseido,
Japan); berberine from Coptis japonica and Thalictrum minus (Mitsui, Japan);
cartamin, a cosmetic product from Carthamus tinctorius (Kibun, Japan), digoxin
from Digitalis lanata (Boehringer Mannheim, Germany); geraniol and citronellol

from Pelargonium zonale (Kanebo, Japan); peroxidase from Raphanus sp.
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(Toyobo, Japan); rosmarinic acid from Coleus blumei (Natterman, Germany);
vincristine and vinblastine from Catharanthus roseus (Eli Lily, USA).
Root cultures for the production of secondary metabolites

Recently, the focus has shifted from dedifferentiated cell cultures to the
use of organ culture. Organ cultures, such as excised root cultures or root-
differentiated cell cultures, have the morphology of the intact organ and often
produce the compounds characteristic of the plant. There is a long history of
research into root culturing. The basic techniques were developed in the 1930’s.
The earliest work concerning the production of secondary metabolites by roots
cultures concerned alkaloids. Charlwood, Charlwood, and Molina-Torres
(1990) have reviewed the subject and listed many examples of secondary product’
formation by root cultures.

Tropane alkaloids, such as hygrine, cuscohygrine, apoatropine,
hyoscyamine, scopolamine, 6B-hydroxyhyoscyamine, littorine, and tropine, have
been produced in root cultures of 17 different plant species, usually at
concentrations higher than those found in the intact root. For instance, 4.
belladonna excised root cultures accumulated alkaloids_at a higher level (0.81 %
dry weight) than the roots of the whole plant (0.72 %).

The indole alkaloids ajmalicine and catharanthine have been reported

from root cultures of Catharanthus roseus at concentrations equal to those found
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in the intact root.  Vinblastine has also been reported in low concentration from
root culture. The isoquinoline alkaloids, cephaeline and emetine, have
accumulated in root cultures of Cephaelis ipecacuanha at concentrations equal to
the intact tuber. Root cultures of Stephania cepharantha have produced
aromoline, berbamine, cycleanine, homoaromoline, isotetrandrine at higher
concentrations than the intact tuber. Pyrrolizidine alkaloids including
senecionine, seneciphylline, intergerrimine, erucifoline A and B, O-acetyl-
erucifoline, senecivernine, and senkirkine have been found at concentrations
equal to the intact root from four different Senecio species.

The terpenoid compounds, valepotriates and digitoxin, have been
synthesized by Centranthus sp. and Digitalis purpurea root cultures respectively
at concentrations equal to those found in the intact root. Solanum khasianum
root cultures have produced the steroidal alkaloids solasonine, and solanidine at
concentrations 1.5 times higher than the intact root.  Linum flavum root cultures
have produced the phenolic compounds 5-methoxypodophyllotoxin-4-B-D-
glucoside and coniferin at concentrations 10 times higher than the intact leaf.

Most of the work done today centers around the use of hairy root cultures
(these roots have been transformed via Agrobacterium rhizogenes) for the
production of secondary metabolites. Agrobacterium rhizogenes is the causative

agent of the plant ailment, hairy root disease. The bacterium transfers a plasmid
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containing genes that promote the growth of hairy roots at the site of infection.
Transformed root cultures provide a stable system and can have a high level of
production, they grow quickly without the addition of exogenous phytohormones,
and they can be grown in large scale fermentation systems.

Examples of transformed root cultures producing secondary metabolites,
include, Valeriana officinalis var. sambucifolia hairy roots produced valepotriates
at 4 times the normal root concentration. Hyoscayamus sp hairy root cultures
grew more rapidly than normal root cultures and accumulated tropane alkaloids at
yields similar to the whole plants. In general, excised root cultures and hairy
root cultures in hormone free medium will produce metabolites in comparable
yields to those synthesized in the intact root.

Shoot cultures for the production of secondary metabolites

Much of the work on shoot culturing has been geared towards micro-
propagation and not secondary metabolite formation. A limited amount of work
has been performed on the use of shoot cultures for these purposes. However, a
number of important compounds have been produced via shoot culture.

The indole alkaloids ajmalicine, catharanthine, and vindoline have been
produced from Catharanthus roseus shoot cultures at yields 1-8 times higher than
the intact plant. Rauwolfia serpentina shoot cultures have produced ajmalidine,
ajmaline, and yohimbine at yields 1.4 times higher than found in young shoots.

Many other classes of compounds have been produced in shoot cultures,
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including tropane alkaloids, quinoline alkaloids, isoquinoline alkaloids,
quinolizidine alkaloids, isoprenoids, and phenylpropanoids. The yields of the
products rarely match those found in the intact plants however.
Quassinoids from plant tissue culture

In this instance, the compound of interest, glaucarubolone-glucoside, is a
quassinoid. Several examples of quasssinoid production from callus and
undifferentiated suspension cultures have been reported. For instance
holacanthone has been produced by suspension culture of Castela emoryi (the
name Holacantha emoryi was used in this publication) and in the same paper the
production of bruceantin from a suspension culture of Brucea antidysenterica was
reported (Misawa et al., 1983). Scragg and Allan (1986) and Allan et al. (1988)
reported the production of quassin from suspension cultures of Picrasma
quassioides. Callus cultures of Ailanthus altissima have been shown to produce
the quassinoid ailanthone (Jarziri et al., 1987). Callus and suspension cultures

of Quassia amara have also been found to produce quassin (Scragg et al.,1990).
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Results

Seed Germination

Sterile Castela emoryi seedlings were successfully produced from wild
seed via the following method. Castela emoryi seeds were sterilized in 1%
aqueous HgCl, with stirring (5 minutes) followed by ethanol (70%) for 25
seconds. Several attempts at sterilization with bleach and ethanol had been
ineffective. With this method a contamination rate of 3.3% was achieved.
These seeds were germinated in culture tubes (one seed per tube) on medium
containing 3 g/L. charcoal. A germination rate of 15.5% was obtained.
Scarification and heat treatment were ineffective at improving the germination
rate.

Callus induction

A method was developed for the production of callus cultures from C.
emoryi. Plant tissue for callus induction, was obtained from 3-8 month old,
greenhouse grown, Castela emoryi plants. Leaves were sterilized in ethanol (70-
75%) for 10-30 seconds. Stems, thorns and roots were successfully sterilized in
aqueous HgCl, (1%), with stirring (5 minutes), followed by 10 seconds in ethanol
(95%). Several different media were investigated for callus induction and
biomass production including, MS, MMS, BS, and WPM, but good callus growth

and maintenance were obtained on CCM medium supplemented with glucose,
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casein hydrolysate, DTT, PVP, phytohormones, and phytagel. Problems with
enzymatic browning were solved by switching from sucrose to a reducing sugar
(glucose), adding a reducing agent (DTT), and an agent to absorb the phenolics
(PVP). The solidifying agent phytagel was found to produce healthier callus
than agar. Two different vitamin concentrations were used (2X and 4X MS).
The pH was adjusted to 5.8 with KOH and HCI.

Over the course of a year, a number of phytohormones and concentrations
were studied (Table 1.1). Callus health and growth on each ratio were compared
and assessed visually. The general trends agreed with the literature. It was
noted that the induction of callus from explants was more effective with 2,4-D
than with IAA. The greater the auxin concentration, the faster the callus grew.
Likewise, the higher the cytokinnin concentration, the more the callus grew. In
a comparison between callus grown on kinetin, 6BA, and 2ip (1.0 mg/L
cytokinnin, and 2.5 mg/L IAA each), the kinetin callus appeared to grow less and
produce fewer embryos than the other two cytokinnins. Adequate growth was

obtained on IBA (0.2 mg/L) and 6BA (1.0 mg/L).
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Table 1.1: Phytohormone concentrations for callus induction.

Auxins Cytokinins [mg/L]
Kinetin 6BA 2ip
0.1 1.0 1.0 4.0 1.0 2.0 3.0
2,4-D 0.1 mg/L + e - = - - -
0.2 mg/L ++ ++ - - -- - -

0.5 mg/L +H+ -+ - - -- - --

LOmg/L | +H+ - - - -- --
1AA  2.5mg/L + ++ H+ A A

5.0 mg/L ++ =+ At A e A

+ poor growth, ++ fair growth, -+ good growth, ++++ very good growth, -+H-++ excellent
growth

Callus grown in the dark, was cream colored, grew slowly, and produced
spindly roots. It continued to become black on the surface, despite the use of
glucose, DTT, and PVP in the medium. Callus grown in the light (16 hour
cycle), was green with hundreds of reddish colored embryos, grew well (doubling
time 10 days) and looked healthy.

Some of the callus was saved for analysis. Please refer to the
experimental section (pages 43-45) and to Figure 1.1, for a description of the
methods of analysis. A 22 mg sample, isolated by prep plates from the third n-
BuOH layer of a 3 funnel, H,O/n-BuOH separation of the methanol extract from
the callus, was analyzed by TLC (chloroform:methanol:water, lower phase,
65:25:10). The sample appeared by TLC to be a mixture of four components,
one of which was found to compare favorably with glaucarubolone-glucoside in

Rf and color reaction (cerium sulfate).
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Analysis by proton NMR produced the following spectrum (Figure 1.2).
A comparison of this spectrum with published PMR results from glaucarubolone-
glucoside, Table 1.2 (Bhatnagar et al., 1984), shows that the isolated sample does
not appear to include glaucarubolone-glucoside. Most obvious is the lack of
methyl peaks at 1.55 (s), 1.72 (s), and 1.67 (d) ppm that would correspond to the
C-10, C-4, and C-13 methyl groups respectively, of glaucarubolone-glucoside.
Other peaks that are clearly absent include: §1.97 (dd, H-6a), 52.15 (dd, H-6¢), &
2.65 (m, H-13), 82.67 (dd, H-14), 83.23 (s, H-9), 34.87 (s, H-1), and 86.08 (br. s,
H-3).

Table 1.2: Published Proton NMR shifts for glaucarubolone-glucoside
(Bhatnagar et al., 1984).

H ) 3 H

1 487s 30 38,4.1(ABq,9)
3 6.08br.s Me-4 1.72 s

5 3.2d(12) Me-10 1.55s

6e 2.15dd (12,2) Me-13 1.67d(7)

6a 1.97dd (12, 2) 1’ 5.46d(7.5)

7 428br.s 5’ 395m

9 3.23s 6’A 4.54dd (12, 3)
12 403 brs 6’B

13 2.65m 2’ 4.28 to 4.04
14 2.67dd (9, 3) 3

15 5.65d(9) 4
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Figure 1.1:  Callus work-up and analysis.

Castela emoryi callus
(60.5 g)
Pulverized in blender
Extracted in MeOH (200 ml) 3X with stirring
[
Combined McOH Mn'rc
extracts (26.7 g)
Extracted in DCM (150 ml)
3 Funnel separation I ,
n-BuOH/H:0 DCM extract Marc
03pg 4799
[ T T T ]
n-BuOH n-BuOH n-BuOH H20 H20
layer 1 layer 2 layer 3 layer 1 layer 2
(199 0.8g) (03g)
Taken-up in McOH,

adsorbed onto 3 preparative TLC plates,
clueted in CHCl3:McOH:H;0, 65:25:10,

lower phase
I 1
upper band middle band lower band
(64 mg) (59 mg) (259 mg)
PMR

/J T

- R !

A 2 L 't 1 L A

Figure 1.2: Proton NMR of callus extract sample.
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Suspension cultures

Suspension cultures were produced from Castela emoryi callus in liquid
CCM and 2CCM medium, each with 3% glucose. Three different vitamin
mixtures (2xMS$, 4xMS, and B5) and five different hormone concentrations were
tried. Problems with enzymatic browning led to the addition of various agents to
the medium including ascorbic acid (50 mg/L), citric acid (50 mg/L), DTT (25-50
mg/L), and PVP (0.5-1.0 g/L), all with no effect. Charcoal (240 mg/L) stopped
the callus from turning black, but due to concerns that the charcoal would absorb
any quassinoids produced, the use of charcoal was not continued. The problem
was finally solved by changing the medium every two days for the first week,
after which the culture ceased to turn black.

A second problem, the tendency of the callus to become hard and compact
forming large clumps in the liquid, instead of a fine cell suspension, was solved
by sieving each culture through a course mesh to catch the large calli, followed by
a fine mesh to catch the tiny cell clusters. The large calli were crushed with a
sterile pestle and transferred to a fresh flask of medium. The small cells were
transferred to a separate flask of fresh medium. Eventually fine suspension
cultures were obtained by this method.

Continual contamination of the cultures was never overcome, Virtually
all of the cultures became contaminated within 3-4 weeks. However, one

suspension culture, and 21 samples of spent media from other suspension
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cultures, were freeze-dried and analyzed by HPLC. Refer to the experimental
section (pages 43-46) for further details on the production and analysis of the
suspension culture and spent media.

Comparison of the methanol extract of the suspension culture, and the
spent media, to holacanthone, glaucarubolone, and glaucarubolone-glucoside
standards, by HPLC (refer to experimental section, pages 45-46), found no trace
of the three quassinoids in any of the samples.

Root cultures

A method for the production of Castela emoryi root cultures was
developed. Excised C. emoryi roots were placed into DeLong flasks (250 ml)
containing 25 or 50 ml 4AMSBS, with sucrose (3%), and placed on a shaker at 110
rpm (darkness). A comparison of five different hormone concentrations found
good growth (i.e. increase in root length) with NAA or IBA (0.01 mg/L each) or
with no phytohormones.

A total of 13 root cultures and their media, were freeze-dried, extracted
with methanol, and the methanol fraction from reverse phase Bakerbond spe
columns were compared by HPLC, to holacanthone, glaucarubolone, and
glaucarubolone-glucoside standards. Refer to the experimental section (pages
46-48) for complete details on sample preparation and HPLC analysis. The
chromatograms thus produced showed no evidence of the presence of any of the

quassinoids in the C. emoryi root cultures or media.
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Shoot cultures

Castela emoryi shoot cultures were grown in DeLong flasks (125 ml) with
25 ml of one of four different media (aMSBS5, “aMSB5, CCMBS, or 2CCMBS),
with glucose (3%), citric acid (50 mg/L), ascorbic acid (50 mg/L) and IAA (0.01
mg/L). Four different 2ip concentrations (1.0, 0.5, 0.1, and 0.05 mg/L) were
investigated.

Vitrification, a condition in which the tissue becomes brittle, enlarged and
bloated with water, was a problem and normal healthy growth was never
obtained. Vitrification is usually ascribed to too high a concentration of
NH4NO;. Although vitrification occurred in all of the shoot cultures, visual
comparison clearly indicated that the higher the cytokinnin concentration, the
greater the amount of vitrification.  Analysis of the methanol extract of each
culture for the presence of certain quassinoids was performed via HPLC. The
samples were compared to holacanthone, glaucarubolone, and glaucarubolone-
glucoside standards. No evidence was found for the presence of any of these
quassinoids in the shoot culture extracts. Refer to the experimental section

(pages 52-53) for a more detailed description of the methods used.
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Experimental

Materials
Thin layer chromatography (TLC)

Three types of TLC plates were used in this research: Most of the normal
phase plates were prepared “in house” using an automatic plate maker (Camag,
Homburgerstrasse, Muttenz, Switzerland). Three millimeter thick glass plates,
6.6 or 10 x 20 cm, were coated with a 0.3 mm layer of slurry consisting of 60 g
silica gel 60 F,54 (Macherey Nagel, catalogue #81632) in 130 ml deionized water.
The plates were allowed to air dry before heating to 110 C for an hour to activate
them. During and after cooling, the plates were stored in desiccated containers
until used.

In addition to the “in house™ normal phase plates, TLC aluminum sheets
(20 x 20 cm) pre-coated with a 0.2 mm layer of silica gel 60 F 554 were available
(manufactured by E. Merck, and distributed by EM Separations, Gibbstown, NJ).
These plates were cut to the desired size before use. The third type of plates
were 5 x 20 cm, reverse phase TLC plates, coated with a 0.2 mm layer of

octadecylsilane F,s, (Whatman, Clifton, New Jersey, catalog No. 4803 600).
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Preparative layer chromatography

Preparative plates were also made on the automatic plate maker. Three
millimeter thick glass plates, 20 x 20 cm, were coated with a 1.5 mm later of a
slurry consisting of 200 g silica gel 60 F 554 (Macherey Nagel, catalog # 81638,
distributed by Brinkmann instruments, Westbury, NJ) in 480 ml deionized water.
The plates were then air dried overnight and activated by heating at 110 C
overnight.
Column chromatography

The silica gel used for gravity flow liquid chromatography was silica gel
60, 63-200 mesh, manufactured by E. Merck (Darmstadt, Germany, catalog no.
7734), that had been recovered after previous use by heating overnight at 850 C.

For flash chromatography, silica gel 60, 40 um (J.T. Baker, Phillipsburg,
NJ, catalog no. 7024-02), recovered as above, was used. The low pressure liquid
chromatography was performed with two different adsorbents, fresh 40 um silica
gel 60 (J.T. Baker) and Bakerbond octadecyl 40 um (J.T. Baker, catalog no.
7025-01).
Low pressure liquid chromatography system

All low pressure chromatography was performed on the Chemco Low-
prep system model 81-M-2 (distributed by DyChrom, Sunnyvale, CA), equipped

with a 13 x 18 x 300 mm glass column (packed with the desired adsorbent), a
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Hitgchi 655A variable wavelength UV detector (Hitachi, Tokyo, Japan) set at 254
nm, and a Hewlett Packard HP3394A integrator (Hewlett Packard).
Gas chromatography (GC)

All GC chromatograms were obtained on a Shimadzu GC-14A gas
chromatograph equipped with an AOC 1400 automatic sampler, a 486 DX33
computer, the Shimadzu EZChrom Chromatography Data system, and a SPE BP-
1 10.7 m, 0.53 mm ID capillary column (operated by Louis K. Hutter).

High Performance Liquid Chromatography (HPLC)

All HPLC analysis was performed on a Hitachi HPLC system consisting of
a L-4500 diode array detector, D-6000 interface, L-6200A intelligent pump, AS-
4000 intelligent autosampler, equipped with a 486DX33 computer and model D-
6500 chromatography data station software DAD system manager. The column
used was a Rainin C18, 3 um, 4.6 x 10 cm column, equiped with an Alltech direct
connect guard cartridge, 10 mm x 4.6 mm, econosil C-18, 10 um.

The L-4500 diode array detector is a UV/VIS detector that is used for
acquiring an array of chromatograms (or spectra). The DAD has a wavelenth
range of 190 nm to 800 nm and can display contour plots or 3-D topographical
maps of the chromatogram. Spectra and chromatograms from different runs can
be overlayed for easy comparison. For example, the UV spectrum of an

individual HPLC peak, can be compared to that of a standard.
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Instrumentation
Infrared Spectrophotometry (IR)

The IR spectra were obtained with a Beckman AccuLab 1
spectrophotometer (Fullerton, CA).  The samples were prepared by dissolving
approximately 10 mg in a small amount of dichloromethane (DCM) or ether, and
spotting the solution onto an IR KBr disk via Pasteur pipet. The solvent was
allowed to evaporate, leaving a thin film of sample on the disk. The IR

absorption bands were recorded by wavenumber (cm™).

Nuclear magnetic resonance spectroscopy (NMR)

Proton (PMR), carbon 13 (CMR), and DEPT (distortionless enhancement
by polarization transfer) NMR spectra were obtained on a Bruker WM 250 (250
MHZ) instrument with tetramethylsilane (TMS) as an internal standard. The
samples were dissolved in deuterated solvents, filtered through cotton if
necessary, and transferred to 5 mm NMR tubes (solvents obtained from Aldrich
Chemical Company, Milwaukee, WI). Chemical shifts were reported in parts
per million (ppm) downfield from TMS. Coupling constants (J values) were
expressed in Hertz (Hz). All NMR spectra were run in the Department of

Chemistry NMR Facility.
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Mass spectrometry (MS)

The fast atom bombardment mass spectra (FABMS) were recorded on a
Varian MAT 311 A double focusing spectrometer (direct inlet probe, 70 eV)
equipped with a Varian SS 200 data system. All FAB MS spectrometry was
performed in the College of Pharmacy Mass Spectrometry Facility.

The electron ionization mass spectra (EIMS) and chemical ionization
mass spectra (CIMS) were recorded on a Hewlett Packard 5988A mass
spectrometer (70 eV for electron ionization and methane for chemical ionization).
The gas chromatography mass spectra (GCMS) were generated on a Hewlett
Packard model 5890 gas chromatograph and model 5970 mass spectrometer

(Department of Chemistry Mass Spectrometry Facility).

Methods
Seed Germination

In an attempt to obtain sterile plant tissue for culturing, Castela emoryi
seeds collected from the wild by Steven P. McLaughlin and seeds from plants
grown at BRF were sterilized by a variety of methods. A number of attempts
were made before successful sterilization was obtained. Initially, 50 seeds were
treated to 25% bleach with 0.5% tween 20 as a surfactant, for 5 minutes with
stirring.  The seeds were then rolled between two sheets of germination paper,

placed in an 800 ml beaker containing 100 ml sterile water, covered with a bell
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jar to maintain a humid environment, and placed in an incubator at 28 C.
Within 7 days all of the seeds were engulfed in fungus.

Next, 42 seeds were sterilized with 20% bleach for between 5 and 20
minutes, 12-14 seeds for each of 4 treatments. The seeds were then placed into
french cubes containing 20 ml of water agar, 2 seeds per cube. Of the 14 seeds
treated for 5 min. with 20% bleach, 6 (43%) were contaminated with fungus
after 7 days. Of the 12 seeds treated for 10 minutes, 2 (17%) were contaminated
after one week. Of the 12 treated for 15 minutes, 4 (33%) were contaminated
after one week. None of the 12 seeds treated for 20 minutes became
contaminated. Unfortunately, of the 29 seeds that did not become contaminated,
none germinated. These 29 seeds along with 20 fresh seeds, were given a heat
treatment to induce germination. The seeds were exposed to 80 C distilled
water for 1 minute. They were then sterilized in 80% ethanol for 10 seconds,
rinsed twice with sterile water, and placed into sterile petri plates containing disks
of wet filter paper (Whatman #1). The plates were placed into a dark incubator
at 28 C. No germination was observed.

Scarification of the seeds was also investigated as a means of improving
the germination rate. A total of 80 seeds were selected, 40 of which were
scarified with course sand paper. All of the seeds were then treated with 10 %
bleach for 20 minutes with stirring.  The seeds were placed in sterile petri plates

on wet filter paper, 10 seeds per plate, and set in a dark incubator at 28 C.  After



35

16 days all of the seeds were contaminated with fungus and no germination had
occurred.

At this stage a new approach was investigated. A solution of 1% HgCl,
(aq) followed by 70 % ethanol had been found to be effective for sterilizing plant
tissue for callus induction. This method was tried on the seeds. A total of 94
seeds were treated to 1% aqueous HgCl, (20 ml) in a 125 ml Erlenmeyer flask,
for 5 minutes with stirring.  The seeds were recovered by straining the mixture
through a Buchner funnel. The seeds were rinsed twice with sterile water,
transferred to the laminar flow hood and sterilized a second time in 70% ethanol
for approximately 25 seconds. Each seed was then placed into a sterile culture
tube containing 10 ml of germination medium one seed per tube. The tubes
were placed into a dark incubator, at 28 C.  After 11 days, the seeds had been
exuding a brown substance (believed to be tannins) turning the germination
medium dark. Because of this the seeds were transferred to fresh medium.
After 27 days a total of 22 seeds had germinated (23% germination rate).

This method was repeated 4 more times with one modification, activated
charcoal (3 g/L) was added to the medium to absorb the tannins. A total of 743
wild seeds (including the 94 above) treated by this method had a germination rate
of 15.5% (115 germinated ) and 297 BRF seeds for which the germination rated

was 0 %. The overall contamination rate was approximately 3.3%.



36

Callus Induction

Tissue Selection

Because of problems obtaining sterile seedling, most of the work on callus
induction was carried out on plant tissue from green house plants (3-8 month old).
The leaves of the plant were cut from the stem with scissors. Initially, the stems
and roots were cut with scissors into approximately 5 cm sections for sterilization,
and then cut into smaller sections to provide a freshly wounded tissue surface for
callus induction. However, it was later determined that cutting them into 5-10
mm sections before sterilization proved more effective for sterilization. In some
cases the thorns were removed with scissors and cultured separately from the
stems.
Sterilization of plant tissue

A variety of sterilization methods were investigated over the course of a
year. Initially, the plant tissues, after being excised from the plant (i.e. explants)
were (under aseptic conditions) sterilized in 70-75 % ethanol for 10-30 seconds,
placed into a sterile petri plate, the leaves were cut in half and stems and roots
were cut into sections. The explants were than placed onto a semi-solid growth
medium, 4-8 explants per plate. This sterilization technique proved to be
effective only for the leaves, and even then a substantial amount of contamination

was observed. In addition, many of the tiny leaf sections became necrotic and
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did not grow callus. Excessive microbial growth was seen on all other tissues,
all of the stem and root explants were contaminated.

Next, 10 % bleach (aq) with tween 20 (0.5%) was used to decontaminate
the tissues. The explants were placed into a beaker of bleach soltion with
stirring for 5 minutes, wounded, and placed onto a semi-solid medium. This
once again was ineffective for the stems and roots, and only marginally effective
for the leaves.

The difficulties in decontaminating the tissues was believed to be due to
endogenous microbes inside of the vessel elements of the plant. For this reason
vacuum infiltration was attempted. The explant tissues (whole leaves, stem and
root sections cut to 5-10 mm in length) were placed into a 125 ml filter flask
containing 20 % bleach solution and a stir bar. The flask was hooked up to a
vacuum pump and left stirring for 10 minutes. The bleach solution was
decanted off and the flask was then transferred to the laminar flow hood. The
explants were sterilized a second time in 95% ethanol for 5-10 seconds, rinsed
with sterile distilled water and placed onto semi-solid medium. This once again
proved to be ineffective against microbial contamination.

As a last resort, 1% aqueous mercuric chloride was used to sterilize the
tissues. The explants were placed into a filter flask, as above, containing the
HgCl, solution, and were treated for 5-12 minutes (with stirring and vacuum as

above). They were then transferred to the laminar flow hood, and (under aseptic
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conditions) rinsed two times with sterile water. The explants were sterilized a
second time in 95% ethanol (~10 seconds), rinsed with sterile distilled water, and
placed on to semi-solid medium.  This technique proved to be relatively
effective for sterilization of the stems (3.2% contamination after 7 days) and
thorns (2.5%). The roots demonstrated a far higher contamination rate (65%) ,
however, 5 sterile explants were obtained.
Callus Induction Media

Callus cultures are initiated by placing explant tissue onto semi-solid
nutrient media containing growth regulators (auxins and cytokinins) which
stimulate cell proliferation. There are many types of plant culture media that are
commercially available, several may need to be investigated to find one
appropriate for your plant. Plant cell culture media generally consist of the
following components: Macronutrients (elements required in large amounts i.e.
nitrogen, phosphorus, potassium, calcium, magnesium and sulfur), micronutrients
(elements needed in trace amounts, i.e.iron, manganese, zinc, boron, copper,
molybdenum, and chlorine), vitamins (thiamine, nicotinic acid, pyridoxine, etc.),
a carbon source (usually sucrose or D-glucose), and growth regulators. There
are two classes of growth regulators that are commonly used : auxins, such as 2,4-
dichlorophenoxyacetic acid (2,4-D), indole-3-acetic acid (IAA), a-

naphthaleneacetic acid (NAA), and indole-3-buteric acid (IBA), these promote
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cell enlargement and root production; and cytokinins, such as kinetin, zeatin, 6-
benzylaminopurine (6BA), and 6-y-y-dimethylallylaminopurine (2ip), these
promote cell division and shoot formation. Semi-solid media have a geling
agent added, usually agar or phytagel. Many other substances (such as coconut
milk, amino acids, antioxidants, etc.) are commonly added to media, depending
on the specific needs of the particular plant species being cultured.

A variety of media were used to induce C. emoryi callus growth. Callus
induction, growth, and health were assessed by visual comparison. Initially,
Murashige and Skoog (MS) (Murashige and Skoog, 1962) and a modified
Murashige and Skoog (MMS) were investigated as media for C. emoryi callus
induction. The MS medium is considered to have a high salt concentration
which can be toxic to some plants. The MMS medium used here has a reduced
ammonium concentration. Both mediums contained MS vitamins, casein
hydrolysate (500 mg/L), 2,4-D (0.2 mg/L), sucrose (2%), and Bactoagar (0.8%).
The explants (leaves ) placed on MS medium turned brown, became necrotic, and
no callus was produced. Callus induction was achieved on the MMS medium.
Initially callus growth was good, however, over a period of 2-3 weeks, the callus
became brown and did not grow well.

Initially, sucrose was used as the carbon source, but because of the

problems with enzymatic browning, leading to tissue necrosis, the carbon source
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was switched to glucose, a reducing sugar. The aldehyde group of a reducing
sugar is easily oxidized to a carboxyl group, thus the oxidizing agent is reduced
in the reaction. Thus, glucose can be benificial when enzymatic browning is a
problem,

Callus initiated on MMS and transferred to McCown’s woody plant
medium (WPM) (Lloyd and McCown, 1981), a medium with reduced nitrogen
and increased calcium and sulfate, became brown and turned necrotic within a
period of 5 days, rapidly killing off the callus. Results on Gamborgs B5 medium
(BS), (Gamborg, Miller and Ojima, 1968), were similar to those on MMS.
Initially the callus formed and grew, but after a period of 2-3 weeks it started
- forming a black surface, did not proliferate, and some of it died.

Experimentation with salt concentrations lead to a medium which will be
referred to here as a Castela callus medium (CCM) which consisted of MS with
one fourth the normal ammonium nitrate concentration. Initially the vitamins
used were 4X the MS vitamins due to a misunderstanding of how the stock
solutions were labeled. When the error in concentration was discovered, the
vitamin concentration was reduced to 2X the normal MS concentration. The
reduction in vitamin concentration caused the callus to turn brown, and therefore

the vitamins were once again increased to 4X.
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Antioxidants and Reducing Agents

The best growth was obtained with CCM. However, enzymatic browning
was still occurring. Polyphenolases, released due to tissue injury, oxidize
phenolic compounds within the tissue, forming growth-inhibitory dark colored
phenylpropanoid compounds. The antioxidants citric acid and ascorbic acid (50
mg each) were added to the media to inhibit the formation of phenylpropanoids
with little or no improvement. Charcoal was added to absorb the phenolics, but
there was some concern that the quassinoids would also be irreversibly absorbed
by the charcoal, in addition the growth hormones are also absorbed by the
charcoal. The addition of the reducing agent 1,4-dithiothreitol (DTT) to the
growth medium improved the callus growth and appearance greatly.
Additionally, the addition of polyvinylpyrrolidone (PVP) to absorb the phenolics
also appeared to reduce the browning effect.
Geling Agent

Finally a comparison of the geling agent (agar), with gellan gum
(phytagel, Sigma catalog #P8169) showed the agar to be somewhat toxic to the
calli (i.e. the calli turned yellowish-brown). Switching to phytagel produced
greener, healthier callus.
The effects of light on callus growth

Initially all callus was grown in the dark. Much of the literature on

secondary metabolite production in plant cell culture suggested that growing the
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callus in the light induced the production of chlorophyll which could detract from
the production of the desired products. Callus growth in the dark resulted in the
growth of thin, spindly roots, along with callus production. Growing the callus
under grow lights resulted in faster growing callus, in addition, a plethora of
embryos could be seen on the callus with most of them developing into shoots.
This suggested the plantlet regeneration from callus would be easy to obtain for
this plant. Good growth was never obtained in the dark.
Hormone Concentration Experimentation

Varying the types and concentrations of phytohormones in the medium
has been an important technique for generating differentiation to a specific
morphology, regeneration, and secondary metabolite biosynthesis. It is not
uncommon to see 50, 100, or more different concentrations investigated when
trying to produce a specific metabolite from callus or suspension cultures.
Although 2,4-D is the most commonly used phytohormone for callus induction
and cell proliferation, it has often been found to inhibit secondary metabolite
formation. For this reason, after callus induction the auxins IAA and IBA were
used instead of 2,4-D.

During the process of media evaluation, 2,4-D (0.2 and 0.4 mg/L), and
2,4-D (0.1,0.2, 0.5, and 1.0 mg/L) and kinetin (0.1 and 1.0 mg/L) were used to

induce and maintain callus growth. Because secondary metabolite production
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was the goal, the auxin was changed to IAA (2.5 and 5.0 mg/L) and kinetin (0.1
mg/L).

Once healthy callus was obtained, experimental conditions with different
hormones and hormone concentrations were investigated in order to optimize
callus growth and appearence. The auxin used was IAA (2.5 and 5.0 mg/L).
Two different cytokinnens were investigated, 6BA (1.0 and 4.0 mg/L) and 2ip
(1.0,2.0, and 3.0 mg/L). Eventually the callus was maintained on IBA (0.2
mg/L) and 6BA (1.0 mg/L)

Analysis of callus for glaucarubolone-glucoside
Solvent Extraction of Callus

Callus material (917 g fresh weight) was combined, freeze-dried (60.5 g)
and pulverized in a blender. The callus powder was then transferred to a 600 mi
beaker and extracted 3 times in methanol (~250 ml) with stirring. The bagasse
was then extracted in DCM (200 ml) with stirring. The three combined methanol
extracts (26.7 g), and the DCM extract (0.3 g), were evaporated dry under the
hood and compared by TLC (chloroform:methanol:water, lower phase, 65:25:10)
to holacanthone, glaucarubolone-glucoside, and a C. emoryi plant extract.

Three funnel separation of callus methanol extract

The C. emoryi callus methanol extract (26.7 g), was partitioned between

saturated n-BuOH/saturated H,O in a three funnel separation. Three 1L funnels

were set up under a fume hood, and 250 ml of saturated n-BuOH was added to



each. The sample was dissolved in a mixture of n-BuOH drained from funnel |
(100 ml) and n-BuOH saturated HO (100 ml). The mixture was then poured
into funnel 1 along with 150 ml of additional aqueous phase. The funnel was
mixed via swirling, and left to separate. The aqueous layer (lower 1) was
drained off and transferred to funnel 2, which was mixed and left to separate.
This process was repeated with funnel 3, and the aqueous layer was drained into a
1 L boiling flask.

The 3 n-BuOH layers (uppers 1, 2, and 3) were washed with a second
saturated H,O phase (250 ml) was poured into funnel 1.  As above, the aqueous
layer (lower 2) was partitioned in funnel 1 followed by funnel 2 and 3, and
drained into a 1 L boiling flask. A third wash was not performed because lower
2 was only faintly colored. The two lower layers were stripped of BuOH in
vacuo, tranferred to beakers, and placed in the freezer.

The three upper layers were dried in vacuo, and compared by TLC
(chloroform: methanol:water, lower phase, 65:25:10) to holacanthone and
glaucarubolone-glucoside. Uppers 2 and 3 each had a spot that appeared similar
to glaucarubolone-glucoside in both Rf and color reaction (cerium sulfate).

Upper 3 was dissolved in methanol (45 ml), divided into three equal portions, and
each was developed 2 times on a prep plate (chloroform:methanol:water, lower
phase, 65:25:10). Plate 3 was developed several additional times. Platesl and

2 were covered with glass plates, leaving one edge exposed, sprayed with cerium
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sulfate and warmed with a heat gun to visualize any bands. Three bands could
been seen on each plate. The bands were removed by razor blade, placed into 50
ml Erlenmeyer flasks and extracted with methanol (30 ml). Each band was
recoved by vacuum filtration through a sintered glass funnel, and was dried in
vacuo. The three bands, the lower band, the middle band, and the upper band,
were compared by TLC to glaucarubolone-glucoside. The middle band appeared
by TLC to be a mixture containing the desired spot. Because the sample size
was small (39 mg), the sample was prepared for NMR. The sample was taken-
up in pyridine-d5, filtered through a pasture pipet containing a small amount of
cotton into an NMR sample tube. A substantial amount of material did not
dissolve in the pyridine (17 mg) such that the actual sample size was 22 mg.

The sample was sent to the Department of Chemistry NMR Facility for PMR

analysis. The bands from plate 3 were recovered as above.

Suspension Cultures
Initiation of Suspension Cultures
Suspension cultures were initiated in 125 ml Erlenmeyer flasks with foam
plugs covered by paper cups, or in 125 ml or 250 ml DeLong flasks with stainless
steel caps. The 125 ml flasks contained 30 ml of medium, where as the 250 ml
flasks had 50 ml. In a laminar flow hood, using aseptic technique,

approximately 1 g of callus was added to each flask. The flask was then placed
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on a shaker at 100-130 rpm.  The cultures were incubated at room temperature
(23-28 C).

Two different media were investigated, CCM and half-strength CCM.
Each medium contained glucose (3 %), vitamins (2X MS, 4X MS, or B5
vitamins), and growth regulators. Five different hormone concentrations were
used: 2,4-D (0.5 mg/L); 2,4-D (1.0 mg/L); 2,4-D and kinetin (0.5 mg/L each),
2,4-D and kinetin (0.5 mg/L and 0.1 mg/L respectively); and 6BA and IBA (1.0
mg/L and 0.2 mg/L respectively).

The suspension cultures almost always became dark gray or black within
2-3 days of initiation. The callus produces polyphenolases as a response to
wounding. Phenolic compounds within the tissues are oxidized by these
polyphenolases producing dark colored compounds that turned the callus and
liquid medium dark. Many attempts were made to deal with this problem, a
combination of the antioxidants ascorbic acid and citric acid (50 mg/L each) did
nothing to prevent the medium or callus from becoming black. The addition of
activated charcoal (240 mg/L) produced a nice light colored callus but once again
there was a concern that the charcoal would irreversibly absorb any quassinoids
that might be produced. The cultures were kept stationary for several days to
limit the available oxygen and thereby inhibit oxidation. None of these attempts
were successful at eliminating the problem. In addition, 25 to 50 mg/L of DTT

in combination with 0.5 to 1.0 g/L of PVP were added without effect. This
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problem was finally solved by simply changing the medium every two days for
the first week, after which the cells ceased to exhibit the wounding response so
that phenolics were no longer a problem.

Another problem was the tendency of the callus to become hard and
compact in the liquid medium instead of breaking up into tiny cell clusters as
desired. This meant that for each suspension, the first two or three times the
medium was changed, the callus had to be poured through a series of sieves, the
large calli were crushed with a pestle, and put back into the culture flasks. A
fine cell suspension was obtained by this method, despite the problems involved.
However, contamination was also a major problem. Almost every cell
suspension eventually became contaminated.

Analysis of Suspension Culture and Spent Media

Over the course of a year, one suspension culture and 21 samples of spent
medium from suspension cultures were freeze-dried for future analysis. One
gram samples were weighed out from each of the freeze-dried media. Each
sample was taken-up in distilled water (3 ml) and filtered through Bakerbond 3
ml spe filter columns. Each sample was then placed onto a preconditioned
(pretreated with 3 ml distilled water) Bakerbond 3 ml spe reverse phase (C18)
column. The column was rinsed with 3 ml dH,0, and a 3 ml methanol fraction
was collected for analysis. The methanol fractions were evaporated dry under a

fume hood. Each sample was weighed and taken-up in 1.0 ml of HPLC grade
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MeOH, filtered through a 0.2 pm filter cartridge into an HPLC vial, and analyzed
for the presence of holacanthone, glaucarubolone, and glaucarubolone-glucoside
by HPLC.

The freeze-dried cell suspension (34.2 g) was extracted 2X in 100 ml
methanol (with stirring), vacuum flitted, and evaporated dry under the fume hood.
The extract (10 g) was dissolved in 6 ml of dH,0, divided into two 3 ml fractions,
each of which was filtered through a 3 ml Bakerbond spe filter column, and run
on a preconditioned Bakerbond 3 ml spe C18 column. Each column was then
rinsed with 3 ml of dH,0, and a 3 ml methanol fraction was collected for analysis
via HPLC. The methanol extracts were combined and evaporated dry in the
fume hood. The dried sample (3.88 mg) was dissolved in 1.0 ml of HPLC grade
methanol and analyzed by HPLC.

HPLC Analysis

For each sample, a 10 ul injection volumn, was run on a water:acetonitrile
gradient, at a flow rate of 1.0 ml/min. The gradient went from 12% to 30%
acetonitrile (from t = 0-6 min.), remained at 30% through t = 12.5 minutes. The
column was washed with 100% acetonitrile for 12.5 minutes between each run,
and reequilibrated at 12% acetonitrile. The column needed to be backflushed
several times to maintain an acceptable pressure. For information on the column

and HPLC equipment refer to the materials section (page 31).
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Castela emoryi Root Cultures
Media and Hormone Evaluation

In a laminar flow hood, using aseptic technique, roots were excised from
sterile seedlings, cut into 1 cm segments, and placed into 250 ml DeLong flasks
containing 50 ml of White’s medium (White, 1963) with BS vitamins, 2% sucrose
or glucose, and one of four hormone concentrations (no NAA, 0.01 mg/L, 0.05
mg/L, or 0.1 mg/L. NAA). The flasks were capped with stainless steel caps, a
crude measurement of the length of each root was made by holding a ruler up to
each flask, and each was placed on a shaker at 100 rpm (28 C, under room lights).
After 13 days a visual comparison showed no significant difference between
growth rates in sucrose and in glucose. The best growth, determined by
increased root length, occurred at 0.01 mg/L. NAA with the NAA free roots also
showing good growth. The highest NAA concentration (0.1 mg/L) produced
callus on one of the roots, but little growth in root length.  After several weeks
the roots started turning green, thus, all future root cultures were maintained in
darkness.

A second experiment compared White’s medium with “aMSBS. The root
cultures above, along with 5 fresh roots (obtained as above, but not cut into
sections) were each placed into a 250 ml DeLong flask containing 50 ml of one of
three media formulations:  White’s salts, thiamine (0.4 mg/L), glucose (2%),

and either NAA (0.01 mg/L)) or IBA (0.01 mg/L); or “4aMS, thiamine (0.4 mg/L),
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glucose (2%), and IBA (0.01 mg/L). The length of each root was measured by
holding a ruler up to the side of each flask and the flasks were placed on a shaker
at 120 rpm (28C, darkness). After 29 days the growth and appearence of each
culture was compared visually. MS appeared to produce better root growth
and was used from this time on.

Production and Analysis of Root Cutures for Quassinoid Content

In a laminar flow hood using aseptic technique, roots were excised from
16 seedlings. Each root was placed into a 250 ml DeLong flask containing 25
ml of 2aMSBS5 with sucrose (3%). Each flask was placed onto a shaker at
approximately 110 rpm (28 C, darkness). After three weeks, the medium from
each of the cultures was removed and freeze-dried for analysis, 4 of the cultures
were freeze-dried for analysis, one that had turned brown was discarded, and 11
were given fresh medium and used for a biotransformation experiment (refer to
pages 77-78 and 92-93).  The four freeze-dried roots and the 15 media were each
extracted 2 times in methanol (~15 ml) with stirring.  The methanol extracts
were decanted off and dried in vacuo.

A second set of root cultures were prepared. Under sterile conditions,
roots were excised from 16 seedlings and each was placed into a 250 ml DeLong
flask containing 25 ml of medium (/2MSBS, 3% sucrose). After three weeks 9
of the cultures were freeze-dried for analysis and 7 were given fresh medium and

used for a biotransformation experiment (refer to pages 77-78 and 92-93). The
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freeze dried cultures were each extracted 2 times in methanol (25 ml) with
stirring and evaporated dry under a fume hood.

The 28 methanol extracts (4 roots, 15 media, 9 roots and media) were
each taken-up in distilled water (3 ml) and filtered through Bakerbond 3 ml spe
filter columns. Each sample was then placed onto a preconditioned (pretreated
with 3 ml distilled water) Bakerbond 3 ml spe reverse phase (C18) column. The
column was rinsed with dH,0 (3 ml), and a methanol fraction (3 ml) was
collected for analysis. The methanol fractions were evaporated dry under a fume
hood. Each sample was weighed and taken-up in 1.0 ml of HPLC grade MeOH,
filtered through a 0.2 um filter cartridge into an HPLC vial, and analyzed for the
presence of holacanthone, glaucarubolone, and glaucarubolone-glucoside by
HPLC (refer to suspension culuture HPLC analysis for HPLC methods, page 49).

Castela emoryi Shoot Cultures
Media and Hormone Evaluation

In a laminar flow hood, using aseptic technique, 32 shoots were excised
from sterile seedlings and placed into 125 ml DeLong flasks containing 25 ml of
one of four different media, each with BS vitamins, glucose (3%), citric acid (50
mg/L), ascorbic acid (50 mg/L), IAA (0.01 mg/L) and one of four different 2ip
concentrations (1.0, 0.5, 0.1, or 0.05 mg/L.). The four media studied were,

¥.MSBS5 (half-strength MS salts with full-strength BS vitamins), 4MSBS5,
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CCMBS, and 2CCMBS. The flasks were covered with stainless steal caps, and
each was placed on a shaker at 120 rpm (28 C), under grow lights set on a 16 hour
cycle. After three weeks, visual comparisons of the growth and appearence of
the cultures were performed, the cultures were transferred to 100 or 125 ml
beakers and freeze-dried.
Analysis for Quassinoid Content

Each of the freeze-dried cultures was extracted 2 times in methanol (~20
ml) with stirring.  The methanol extract was decanted off and dried in vacuo.
Fourteen of the samples were each dissolved in 1 ml H,0, filtered through a 3 m]
Bakerbond filter column, the original beaker was rinsed with 1 ml of dH,0, the
rinse was filtered and combined with the previous filtrate. The combined 2 ml
fraction was divided into two equal fractions and run on two separate Bakerbond
1 ml spe reverse phase (C18) columns (preconditioned with 1 ml DCM:MeOH,
1:1; 1 ml MeOH; and 1 ml dH,0). Each column was rinsed with dH,O (1ml),
and a MeOH fraction (1ml) was co]]gcted for analysis and evaporated dry under
the fume hood.

The remaining sixteen samples were each taken-up in distilled water (3
ml) and filtered through Bakerbond 3 mi spe filter columns. Each sample was
then placed onto a preconditioned (pretreated with 3 ml distilled water)

Bakerbond 3 ml spe reverse phase (C18) column. The column was rinsed with 3
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ml dH,0, and a 3 ml methanol fraction was collected for analysis. The methanol
fractions were evaporated dry under a fume hood.

Each methanol fraction was weighed and taken-up in 1.0 ml of HPLC
grade methanol, filtered through a 0.2 pum filter cartridge into an HPLC vial, and
analyzed for the presence of holacanthone, glaucarubolone, and glaucarubolone-
glucoside by HPLC (refer to suspension culture HPLC analysis for methods, page

49).
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Summary and Conclusions

During the course of this research, methods for the germination of sterile
Castela emoryi seedlings, and for the production of C. emoryi callus, suspension,
root, and shoot cultures were developed. Many problems were encountered
including difficulty with sterilization and enzymatic browning. Most of these
problems were solved. Analysis for the production of glaucarubolone-glucoside
was performed on C. emoryi callus, suspension, root and shoot cultures.

Castela emoryi seeds were successfully germinated after sterilization in
1% HgCl, (aq) followed by 70% ethanol with a contamination rate of 3.3%. The
seeds were germinated on medium containing 3 g/L charcoal with an overall
germination rate of 15.5%.

Castela emoryi callus was initiated from leaves sterillized in 70-75%
ethanol, and from stem and thorn tissue sterillized in 1% HgCl, (aq) followed by
95% ethanol. The callus was initiated on several media but the best growth was
achieved on CCM medium (MS with ¥4 the NH,;NO; concentration), with 4X MS
vitamins, casein hydrolysate, and growth regulators. A doubling time of 10 days
was obtained. Problems with browning were solved by switching to a reducing
sugar (glucose), adding a reducing agent (DTT), PVP, and changing to the geling
agent, gelrite. After analyzing the callus, no glaucarubolone-glucoside was found

to be present.
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Castela emoryi suspension cultures were intiated from callus in two
different media, three different vitamin mixtures, and five different hormone
concentrations. A problem with enzymatic browning leading to medium and
callus becoming dark colored was solved by changing the medium every two days
for the first week. Problems with the callus becoming hard and compact instead
of breaking up and forming a fine suspension, were solved by sieving out the
callus and breaking it up with a pestle. Problems with contamination were more
difficult and were never solved. Thus experimentation with different media and
hormones for the production of glaucarubolone-glucoside was never performed
on Castela emoryi suspension cultures.

Root cultures were produced from the excised roots of Castela emoryi
seedlings. Two different media, two carbon sources and five different hormone
concentrations were investigated. The methanol extracts of root cultures grown
in ¥2MSB5 medium with 2% sucrose and no growth regulators, were analyzed via
HPLC for the presence of holacanthone, glaucarubolone, and glaucarubolone-
glucoside. No quassinoids were found to be present.

Shoot cultures were initiated from excised shoots of Castela emoryi
seedlings. Four different media and four different hormone concentrations were
investigated.  Vitrification, a condition where the plant tissues become bloated
with water (generally attributed to excess ammonium concentration),wwas a

\
problem in all of the media. The higher the hormone concentration, the greater
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the amount of vitrification observed. Methanol extracts of the cultures were
analyzed by HPLC for the presence of holacanthone, glaucarubolone, and
glaucarubolone-glucoside, none of the quassinoids were found to be present.

This research was fraught with problems. Proper experimentation for
secondary metabolite production from C. emoryi cell cultures would have
included testing many different hormones and hormone concentrations for how
they affect metabolite production. In addition, different media can determine
whether a particular compound or biosynthetic pathway will be expressed or not.
For instance, cultured Lithospermum erythrorhizon cells grown in Linsmaer-
Skoog medium produce no shikonin, where as the same cells grown in Whites
medium will produce shikonin (Phillipson, 1990, in: Charlwood and Rhodes).
Adjusting a particular nutrient can affect what compounds are produced.
Lowering the phosphate and the nitrate levels in Catharanthus roseus and
Capsicum frutescens cell cultures, increases ajmalicine and capsaicin production
respécti?ely (Phillipson, 1990, in; Charlwood and Rhodes). Changing the
carbon source from glucose to galactose doubled the yield of quassin (from 0.160
to 0.33 %) from suspension cultures of Picrasma quassioides (Scragg and Allan,
1986).

A complete experimental program would have included producing tens or
hundreds of 30 to 50 ml suspension cultures, each with a different hormone

concentration, or media formulation, and determining the presence or absence of
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glaucarubolone-glucoside. Unfortunately, all of the suspension cultures, other
than the one sample that was analyzed, became contaminated within four weeks
of initiation.

Production of suspension cultures required excessive handling of the
callus, sieving, crushing, and putting the cells back into the flasks. Problems
with aseptic technique were a possibility. All media, flasks, and instruments
were autoclaved prior to use. My hands were washed thoroughly with soap
immediately prior to working with the cultures. All work was carried out in a
laminar flow hood which was always wiped down with 70% ethanol before and
after each use. All instruments were kept in a beaker of 95% ethanol between
use and flamed immediately before exposing them to the cell cultures, including
the sieves. Eventually, sterile surgical gloves were used for this work, but a high
contamination rate was still a problem.

Most of this work was carried out in the microbiology lab at the
Bioresources Research Facility (BRF).  The laminar flow hood was used
extensively for the production of microbial cultures and had not been
decontaminated since it was installed (a procedure that is recommended once a
year). This may have contributed to the contamination problems.

In the future, problems with microbial contamination could be reduced or
eliminated by working in a tissue culture lab (verses a micro lab), and using

antibiotics in the initial stages of suspension culture production. This would
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reduce the possibility of contamination during the initial stages of the culturing,
Once a good suspension is obtained the need for antibiotics would probably
disappear. If glaucarubolone-glucoside were still absent from the cell and organ
cultures the next step would be to use the suspension and/or organ cultures for

biotransformation experiments with the aglycone, glaucarubolone.
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Chapter 2

Biotransformation of the Quassinoids Holacanthone
and Glaucarubolone

Introduction

Holacanthone as Substrate for the Synthesis of Glaucarubolone-glucoside

As mentioned earlier, the low yield of glaucarubolone-glucoside (0.001%)
from Castela emoryi prevented it from being developed as an antifungal agent.
However holacanthone (3) was isolated in higher yields (0.02%) and is almost
identical to glaucarubolone-glucoside (1) with the exception that it has an acetyl
group at C-15 instead of the glucose moiety. Thus, holacanthone or the
hydrolyzed analogue, glaucarubolone (2) appeared to be excellent candidates as
substrates for production of the active compound. Glaucarubolone has four
hydroxy functional groups, only one of which is glucosylated in the active
compound. Because synthetic methods of glucosylation would not be selective,

biotransformation was investigated as means of glycosylation.

(1) R= B-D-glucose
(2)R=H

(3)R=0Ac
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Advantages of Biotransformation

Biotransformation is the use of an enzyme or enzyme system to carry out
specific chemical reactions on exogenous substrates. The enzymes used can be
in the form of purified enzyme, crude enzyme extract, or the enzymes of intact
cells, e.g. microbial cultures, plant cell or tissue cultures, or other cell systems.
Biotransformation has a number of important advantages over synthetic
techniques. Enzyme reactions are generally highly specific. The enzyme will
usually attack the substrate at one particular site on the molecule
(regiospecificity), even if several groups of equivalent or similar reactivity are
present.

The reactive center of an enzyme is asymmetrical in nature, such that an
enzyme can distinguish between the enantiomers of a substrate. In addition, if a
chiral center is produced by an enzymatic reaction, generally only one of the
enantiomers is formed. Enzymes are catalysts which lower the activation energy
for specific reactions. Therefore, the conditions under which enzyme reactions
occur are mild, i.e. temperature below 40 C, near neutral pH, normal pressure.
This means that labile molecules can be acted on without decomposition or
isomerization.

There are some limitations to biotransformation. The enzymes that are
found in an organism are part of that organism’s metabolic system and are

designed to act on a specific endogenous substrate or class of substrates.
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Therefore, an exogenously added compound must be structurally similar enough
to the natural substrate for the enzyme to recognize it as a substrate and act on it.
Some enzymes have highly specific requirements for substrate activity, others do
not. The substrate may be difficult to solubilize in an aqueous medium, or may
not be able to cross the cell membrane (this is especially troublesome with plant
cells which, unlike microbes, do not usually release enzymes into the growth
medium) such that the substrate never reaches the enzyme. In addition, the
desired substrate may be toxic to the enzyme or the cells. You may have to test
many, even hundreds, of different organisms before you find one that will
perform the desired reaction with good yield on your substrate. It is also
possible that you will never find a suitable organism.
Biotransformation via plant tissue culture

The ability of plant cell and tissue cultures to perform a wide variety of
chemical transformations on organic compounds has been reviewed in a number
of papers (Furuya, 1978; Reinhard and Alfermann, 1980; Stohs, 1980; Suga and
Hirata, 1990; Kutney, 1993). Examples of the types of reactions performed by

plant culture systems can be found in Table 2.1.



Table 2.1: Metabolism of exogenous substrates by plant culture systems (Suga and Hirata,1990).

Type of Reaction Substrates Products Plant Species Type of Culture
Hydroxylation (3R)-Linalool (3R)-8-Hydroxylinalool Nicotiana tabacum Suspension
Hydroxylation Tryptamine 5-Hydroxytryptamine Peganum harmala Suspension
Hydroxylation Solavetivone Rishitin Solanum tuberosum Suspension
Oxido-reduction Cyclopentanol Cyclopentanone Nicotiana tabacum Suspension
Oxidation of OH Geraniol Geranial Glycine max Suspension
Oxidation of OH Testosterone Androstenedione Dendrobium phalaenopsis  Suspension
Reduction of C=0 Citronellal Citronellol Lavandula angustifolia Suspension
Reduction of C=0 Codeinone Codeine Papaver somniferum Immobilized
Reduction of C=C Pulegone Isomenthone Mentha sp. Suspension
Reduction of C=C Cathenamine Ajamalicine Catharanthus roseus Suspension
Esterification Geraniol Geranyl acetate Citrus sp. Suspension
Hydrolysis of ester Linalyl acetate Linalool Lavandula angustifolia Suspension
Hydrolysis of ester Bornyl acetate Bornyl Spirodela oligorrhiza Suspension
Hydrolysis of oxime (4R)-Carvoxime (4R)-Carvone Nicotiana tabacum Suspension
Hydrolysis of ether Thebaine Neopine Papaver somniferum Suspension
Isomerization Geraniol Nerol Euphorbia characias Suspension
Isomerization Salicin Isosalicin Gardenia jasminoides Suspension
Isomerization L-Rhomnose D-Glucose Duboisia myoporoides Suspension
Salvage synthesis Tryptamine + secologanin Ajamalicine Catharanthus roseus Suspension
Epoxidation 1-Acetoxy-p-menth-4(8)-ene r-1-Acetoxy-t-4,8-epoxy-p-menthane  Nicotiana tabacum Suspension
Epoxidation 1-Acetoxy-p-menth-4(8)-ene  r-1-Acetoxy-c-4,8-epoxy-p-menthane  Nicotiana tabacum Suspension
Oxidative degradation Loganin Secologanin Lonicera sp., Weigelia sp.  Suspension
Dehydrogenation (S)-Tetrahydroberberine (S)-Berberine Coptis japonica Suspension
Demethylation Papaverine 6-Demethylpapaverine Silene alba Suspension
Demethylation Papaverine 4’-Demethylpapaverine Silene alba Suspension
Dehydration Anhydrovinblastine Vinblastine Catharanthus roseus Suspension
Oxidation Solavetivone Lubimin Phytophthora infestane Suspension
Oxidation Papaverine Papaveraldine Ochrosia elliptica Suspension
Oxidation Papaverine Papaverine N-oxide Ochrosia elliptica Suspension

z9
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Commercially, Boehringer Mannheim Co. has investigated the use of
Digitalis Ianatc; cells for the 12-hydroxylation of B-methyldigitoxin into f3-
methyldigoxin. A yield of 600-700 mg of B-methyldigoxin per liter of culture
was produced (Misawa, 1994). Mitsui Petrochemical in Japan, is currently
developing a commercial process for the production of vinblastine which includes
a plant cell biotransformation step. The process was initially devised by Allelix
Inc. of Canada and involves the use of Catharanthus roseus cell fermentation for
the production of catharanthine, (yields of up to 230 mg/L/week have been
reported). This is followed by either an enzyme mediated reaction or a synthetic
reaction in which commercially obtained vindoline is coupled with the
catharanthine to yield anhydrovinblastine (52.8%) and vinblastine (12.3%)
(Misawa, 1994).

Glycosylation of Exogenous Substrates by Plant Tissue Culture

Glycosylation by plant cell cultures has been widely reported, clearly,
many plant species have a strong tendency to form glucose conjugates in culture
(Table 2.2). Few comparisons between plant cultures and other
biotransformation systems have been made. However, the metabolism of
A*androstene-3,17-dione by suspension cultures of Dioscorea deltoidea and

Nicotiana tabacum var. Bright Yellow when compared to metabolism by



Table 2.2: Examples of glycosyl conjugation reactions by plant cell and tissue cultures (Suga and Hirata,1990; Pilgrim, 1970,

and Furuya, 1978).

Reaction Substrate Products Plant Species Culture®
Esterification ~ (RS)-2-Phenylpropionic acid (RS)-2-Phenylpropionyl B-D-glucoside Panax ginseng R
Esterification (2RS)-2-0-(2-phenylpropionyl)-D-glucoside
Esterification (2S)-2-Phenylpropionyl-6-O B-D-xylosyl-B-D-glucoside
Esterification myo-Inositol ester of (R)-2-Phenylpropionic acid
Esterification  (RS)-2-Phenylpropionic acid (RS)-2-Phenylpropionyl B-D-glucoside Nicotiana tabacum S
Esterification  (RS)-2-Phenylpropionic acid (2RS)-2-0O-(2-phenylpropionyl)-D-glucoside Dioscoreophyllum S
cummensii
Esterification ~ (RS)-2-Phenylpropionic acid (RS)-2-Phenylpropionic acid sucrose ester Coffea arabica S
Esterification ~ 2-(3-benzoylphenyl)Propionic acid  2-(3-benzoylphenyl)Propionylglucoside Panax ginseng R
Esterification  3-Nitropropanoic acid 3-Nitropropanyl-D-glucopyranose Coronilla varia S
Esterification  Geraniol Geranyl acetate Citrus sp. S
Glycosylation ~ Catechol, vanillin, and resorcinol ~  respective B-glucosides Agrostemma githago S
Glycosylation  Phenol, cathechol, resorcinol, and  respective O-glucosyl products Gardenia jasminoides S
hydroquinone
Glycosylation  Pentachlorophenol O-Glucosylpentanitrophenol Glycine max S
Glycosylation ~ Salicyl alcohol Salicin and isosalicin Gardenia jasminoides S
Glycosylation  Esculetin 6-0-Glucosylesculetin Gardenia jasminoides S
Glycosylation  Quercetin Quercetom 3-O-glucoside and diglucoside Cannabis sativa S
Glycosylation  Isorhamnetin Isorhamnetin 3-O-glucoside Cannabis sativa S
Glycosylation = Umbelliferone 7-0-Glucosylumbelliferone Datura innoxia S
Glycosylation  Nicotinic acid Nicotinic acid-N-B-D-glucopyranoside Petroselinum hortense S
Glycosylation  Naringenin Prunin Citrus paradisi N
Glycosylation  Hesperitin Hesperitin 7-glucoside Citrus paradisi S
Glycosylation  Digitoxigenin Digitoxigenin 3-D-glucoside Strophanthus amboensis S
Glycosylation  Gigitoxin Purpureaglucoside Digitalis lanata I
Glycosylation  Steviol Steviolbioside and stevioside Stevia rebaudiana S

8, R, and I indicate suspension, root and immobilized cultures respectively.

v9



65

mammals shows that the products are almost identical except that the production
of glucosides and palmitates is distinctive to plant cells (Reinhard and Alfermann,
1980).

Biotransformation of digitoxigenin with plant cell cultures (Digitalis sp
and others) produces similar metabolites to those obtained with microorganisms
(i.e. 12B-hydroxy, 1B-hydroxy, 5B-hydroxy, 78-hydroxy, and 16B-hydroxy),
except plant cell cultures will also form 3B-D-glucose conjugates (Reinhard and
Alfermann, 1980; Suga and Hirata, 1990, Chamey and Herzog, 1967; Capek et
al., 1966).

Microbial glucosyiation

Microbial glucosylation has been reported for a variety of substrates
(Table 2.3). The ability of microbes (as well as plants) to glycosylate particular
substrates has been attributed to two types of enzyme mediated reactions,
glycosyl-transfer reactions and transglycosylation reactions.

Glucosy! transferases are enzymes responsible for the production of
oligosaccharides in vivo. There are two different glucosyl! transferase pathways
for the production of oligosaccharides, the Leloir-pathway, in which the glycosyl
donor is a nucleoside diphosphate, and the non-Leloir pathway, in which the

donor is a sugar-1-phosphate. The reaction mechanism (Figure 2.1) for both



66

pathways, requires an activated (i.e. phosphorylated) sugar monomer. The
activated sugar monomer is then linked to the growing oligosaccharide chain in a

condensation step.

Ho CHzOH
0 ! transf
HO glycosyl erase > CH:OH
\O
(o]
: HO

HO CH,OH ES-on OX

HO
— B
0—X E@E)ro ase
HO OH
@ = leaving group non-Leloir pathway Leloir pathway

Figure 2.1: Glucosyl transferase reaction mechanism.
B-Glucosidases

The class of enzymes known as B-glucosidases catalyze the hydrolysis of
glycosidic linkages in aryl B-glucosides, alkyl B-glucosides and in cellobioses.
The ability of glycosidases to perform ‘reverse hydrolysis’ reactions, in which the
reaction equilibrium is shifted from hydrolysis to synthesis, was reported as early
as 1913 (Bourquelot and Bridel). In this reaction, referred to as “direct

glycosylation’ a free monosaccharide and a nucleophile (carbohydrate or alcohol)



Table 2.3: Examples of microbial glucosylation of exogenous substrates.

Microbe Enzyme Substrate Products Reference

Ps. saccharaphila sucrose phosphorylase ~ Fructose B-D-Fructofuranosyl-a.-D- Kiestich, 1976
glucopyranoside

Sporotrichum sulfurescens e 5,7-Dichloro-8-hydroxy-2-  4-O-Methyl-glucosyl-chloroquinaldol Kieslich, 1976

methylchinolin

Escherichia coli —— Phenyl-B-D-galactoside 6-0-a-D-Galactopyranosyl-D- Kieslich, 1976
glucopyranose

Schizosaccharomyces pombe ~ —--——- Glucose 6-0-o-D-Glucopyranosyl-o-D- Kieslich, 1976
glucopyranose

Aerobacter levanicum Levansucrase D-xylose + Raffinose B-D-Fructofuranosyl-a-D-xylopyranoside ~ Kieslich, 1976

Leuconostoc mesenteroides Sucrose 6-0-a-D-Glucopyranosyl-o-D-
glucopyranose

Penicillium chrysogenum m————em Sucrose 0-a-D-Glucopyranosyl-(1—2)-0-3-D- Kieslich, 1976
fructofuranosyi-B-D-fructofuranoside

Aspergillus oryzae Transglycosidase Maltose 6-0-0-D-Glucopyranosyl-a-D- Kieslich, 1976
glucopyranose
+ 6a-Isomaltosyl-D-glucose

Streptomyces antibioticus ———— Erythronolide A oxime 3-0-Oleandrosyl-5-O- LeMahieu et
desosaminylerythronolide A oxime al., 1976

Streptomyces hygroscopicus  glycosidase Validamycin A B-D-galactosyl-validoxylamine A Kameda et al.,

var. limoneus 1975

Streptomyces narbonensis =~ --—--—- Narbonolide Picromycin Maezawa et al,

1993
Mucor javanicus glycosidase Vitamin B, Vitamin B,-glucoside Suzuki, 1972

L9
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are combined. The equilibrium constant strongly favors hydrolysis, such that
high concentrations of monosaccharide and nucleophile must be used, and yields
are usually low (Faber, 1992).

Doudoroff et al. (1949) and Hestrin (1948) were the first to suggest that a
disaccharide could act as a glucose donor in what would later be called a
transglycosylation reaction. The transglycosylation reaction mechanism (Figure
2.2) for B-glucosidase from Agrobacterium has been described (Withers et al.,
1990) The reaction mechanism, a double nucleophilic displacement, is identical
to that of hydrolysis except that in hydrolysis water is the nucleophile.

Many examples of transglycosylation reactions have been published from
oligosaccharides (Pan et al., 1953; Edelman, 1956, Stodola, 1958; Li and Shetlar,
1964), and polysccharides (Hehre, 1951), to alkanols (Whelan and Jones, 1953

and Bealing,1953), and trans-1,2-cyclohexanediols (Itano et al., 1980) to

HO CH,0H HO CH;OH HO CH,0H
o
Ho 0
ﬂ /R HO - (Nu' HO
o
(\ _V—; ( —_— Nu
‘o: fo o: fo “O._0

ENZYME ENZYME ENZYME

Figure 2.2: Reaction mechanism of B-glucosidase from Agrobacterium.
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anthracycline antibiotics (Hashino et al, 1984; Hoshino and Fujiwara, 1984;
Yoshimoto et al, 1984), aminoglycoside antibiotics (Endo and Periman, 1972),
and various triterpenoids including steroidal alcohols (Pan, 1970; Pan, 1971),
cardiac glycosides (Ooi et al., 1984) and rubuside (Darise et al, 1984). N-
glycosylation has also been reported (Miwa et al., 1960).

Transglycosylation has advantages over glucosyl transfer reactions
because transglycosylation reactions do not require expensive activated sugar
nucleosides. In addition, glycosyl transferases are unstable membrane-bound
proteins, thus the commercial supply of these enzymes is limited (Faber,1992).
Biotransformation of Quassinoids

The literature reports of quassinoids as substrates for biotransformation
are scarce. Chien and Rosazza (1980) have studied the metabolism of the
quassinoid bruceantin. They screened 193 microorganisms, finding several
Streptomyces species able to metabolize bruceantin.  Streptomyces griseus
(ATCC 10137) produced three metabolites, bruceantin-4’,5’-epoxide (20 %
yield), bruceine C (42 %) and bruceantin-5’-ol (8.5 %). No literature on

microbial glycosylation of quassinoids was found.
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Results
Isolation of Holacanthone

Holacanthone was isolated from three holacanthone rich fractions of
Castela emoryi extracts (Figure 2.3). These fractions were provided by Joseph J.
Hoffmann and were obtained from 39.2 kg of dry plant matter. The fractions
were run on a series of four silica gel 60 gravity flow liquid chromatography
columns with varying concentrations of DCM and methanol as the eluents (refer
to experimental section, pages 81-85). Inall, 6.5 g of holacanthone was isolated
(0.02% yield) and was identified by TLC comparison (DCM:MeOH, 92:8) to a
known sample.

Holacanthone was also isolated from Castela emoryi seeds (8.6 kg)
(Figure 2.4). The ground seeds (3 mm particle size), were soaked three times in
DCM (19 L each), rinsed with methanol (15 L), and extracted with methanol (30
L) in an 85-L Lloyd type extractor (refer to pages 85-88). The dried methanol
extract (907 g) was extracted in 9 L of DCM:MeOH (2:1).  The soluble material
(446 g) was dried and partitioned in CHCI;/H,O. Two chloroform layers (21.5
g) were dried and fractionated on a silica gel 60 flash column in DCM:MeOH
(refer to pages 86-87). Holacanthone (3.4 g, 0.04% yield) was recovered from

one of the flash column fractions by crystallization from methanol. The



71

holacanthone was identified by TLC comparison (DCM:MeOH, 98:2) to a known

sample.
Figure 2.3: Isolation of holacanthone from Castela emoryi extracts.
Column 1
Castela emoryi collection #88012
mother liquor 1, fraction B (68 g)
1. Adsorbed onto 220 g of recovered SiO; 60.
2. Fractionated on gravity flow column,
8 cm i.d., 2000 g recovered Si0;.
3. Eluents:
- 10L. DCM:McOH, 96:4,
- 1L DCM:MeOH, 92:8,
- 2L DCM:McOH, 75:25,
- IL DCM:McOH, 1:1,
- 1L McOH
Collected 23, 500ml, fractions and
combinedlinlo four like fractions
T T 1
Fr 12 (0g) Fr 3 (10g) Frd-8 (25) Fr9.19 (%) Fr 20-23 (5.9g)
Discarded |
void volume FrA crystallization FrC FrD
from MeOH
| ' N
holacanthone crystals mother liquor
(0.9g) (24g)
Column 2
1. Adsorbed onto 72g of recovered SiO; 60
2. Gravity flow column, 5.5 cm i.d., 1200g
recovered SiO, 60,
3. Eluents
- 6L, DCM:McOH, 98:2,
- 2L BCM:MeOH, 90:10,
- 1.5L MeOH.
23 fractions, 300-750ml each
like frlaclions were combined
T T 1
Fri-3 H‘i Ir5 Fr 6!8 Fr9-11 Fr|12-22 ?23
Discarded 23g) (38¢g) 929 G.1g) “.0g) (5.0 )
FrA FrB crystallization Fri3 FrC FrD
fron; MeOH
1
l-loluu’mthonc M. 1
(2.5g)
Cly.ﬁimlliznlionl from McOH
1
l-lolucai)lhonc M.L. 2
0.2g) FrB
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Figure 2.3: Isolation of holacanthone from Castela emoryi extracts.

Column 3
FrAIV (8.6g)and C-2 2.9 g)

J'l‘nkcn up in MeOH (50 ml) and combined

7
McOH insoluble McOH soluble
(1.6g) (.9g)
Column 4 1. Adsorbed onto 33 g of recovered
l silica gel 60.
1. Adsorbed onto 5 g recovered 12, Gravity flow column, 3 cmid.,
i 8i0;60. 575 g recovered SiO, 60.
2. Gravity flow column, 2 cm id.,, ‘3. Eluents:
80 g recovered SiO; 60. : -3.5L DCM:McOH, 98:2,
3. Eluents: -0.7L DCM:MeOH, 90:10,
i -400 m! DCM:McOH, 95:5 : -1.0L MeOH.
i -150 ml McOH ,
| Like fractions combined

Like fractions combined !

— T Frl3  Fral BT Fréd2  Fr13h7 Fris2o Fr2123
FrA FrB FrC void (13g) (09 (27g) (1.5g) (9g) (l5p)
(I.1g) (o.|4 g (lg volume FrA FrB I FrB FrC FrD

Holacanthone crystallization
from MclOH (50ml)
]
Holuénmhonc ML. 1
087g)
crystallization
from MeOH (20 ml)
Holacanthone M.L. 2
(0.56 g) FiB

Figure 2.4: Isolation of holacanthone from Castela emoryi seeds

Castela emoryi seeds (8.6 kg)

1. Ground in 2 hammer mill (3 mm particle sizc).
2. Extracted with DCM, 3 soaks (19L cach).

{
DCM soluble Bugnssc
(309.5g)
M¢eOH rinse (151.)
A |
M¢cOH rinse Bagasse
(1389g)
Extracted with MeOH, 4-5 cycles (301)
Medl'l extract BugLssc
(960.1 g)

continued on page 73
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Figure 2.4: Isolation of holacanthone from Castela emoryi, continued from page
72.

continued from page 72
M¢eOH extract
(960.' 1g)
10 g pottion lO'g portion 10 lg portion 907 é portion
[

EtOA¢/H,0 CHCIVH,0 extracted with Extracted with
partition partition DCM:MecOH, 2:1 DCM:MeOH,2:1 (9L)
(20(? mlecach) (200 ml cach) (100 ml)

I J ]
EtOAc H1;O Cl!ICl; En!ulsion H!O Soluble Insoluble Soluble Insoluble
layer layer layer (lL.2g) layer 54 “48g) (445.6g) “422.7g)
G.19) ©.7g) (8.0g) | ]

nBuOH/H,0 1. Dissolved in H,O (10L).
partition 2. Extracted 2X with equal volume of CHCl,.

2 ! ]
nBuOH layer H20 layer CHCI; layer H;0 layer
679 36g) @159 (371.8g)

Col 5
1. Adsorbed onto 63 g recovered SiO; 60.
2. Fractionated on flash column, 5cmid.,
420 g recovered Si0; 60.
3. Eluents:
-3.5L DCM,
-1L DCM:McOH, 98:2,
-5.5L DCM:MeOH, 95:5,
-0.5L DCM:MeOH, 90:10,
-1.1L MeOH.
T T 1
FE\ F; B FrC FrD FrIE FrIF Fl! G FrH
(2.50) 06g) (07g) (T0g) (19 (058 (1.2g)  (5.0p)
Extracted with
McOH (150 ml)
[ 1
Insoluble Soluble
(L.1g)
Extracted with DCM:McOH: Holacanthone M.L. 1
ATN, 1:3:3 (70 ml) (048 g)

[ 1 crystallization
Insoluble Soluble from McOH
09g)

Dricd under Holacanthone M.L.2
vacuum 0.84 )
volume reduced
Holacanthone t0 40 ml
(1.01g)
Holacanthone ML.3

(1.07g)
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Microbial Transformation of Holacanthone

Screening experiments, with seven different microbes, were performed
with holacanthone as the substrate (refer to experimental section, pages 88-90).
The biotransformation and control flasks were sampled every one to two days for
a total of 9 to 15 days. The aqueous samples were partitioned with an equal
volume of n-BuOH:EtOAc (9:1), the organic layer was dried under vacuum and
analyzed for the presence of metabolites by TLC.

TLC comparison (CHCl;:MeOH:H,0, 65:25:10, lower phase) of the
biotransformation extracts to known samples of holacanthone, glaucarubolone,
and glaucarubolone-glucoside revealed that 5 of the microbes had produced the
hydrolyzed product, glaucarubolone (Table 2.4). No other metabolites were

present.

Table 2.4: Results from the microbial transformation of holacanthone

Microbe Source Reaction  Product
Type

Aspergillus niger J.P.N. Rosazza none none

Mucor circinelloides ATCC 15242 hydrolysis  glaucarubolone
Rhodotorula glutinis ATCC 15125 hydrolysis  glaucarubolone
Saccharomyces cerevisiae Fleishmans active none none

dry yeast

Septomyxa affinis ATCC 6737 hydrolysis  glaucarubolone
Streptomyces antibioticus ATCC 11891 hydrolysis  glaucarubolone

Streptomyces coeruleorubidus ATCC 31276 hydrolysis  glaucarubolone
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Transglycosylation of Glaucarubolone

Naringinase, a form of B-glucosidase from Penicillium decumbens, was
used to catalyze a transglycosylation reaction with glaucarubolone as the acceptor
and cellobiose as the glucose donor. To each of two, 250-ml DeLong flasks,
was added, glaucarubolone (50 mg), cellobiose (125 mg), naringinase (50 mg)
and 50 ml of KH,PO, buffer (0.04 M, pH 5), (refer to experimental section, pages
90-91). The samples were placed onto an orbital shaker for eight days and
sampled periodically.

The samples were compared by TLC (CHCl3:MeOH:H,0, 65:25:10, lower
phase) to glaucarubolone and glaucarubolone-glucoside. The TLC plates were
visualized with cerium sulfate and heat. The substrate, glaucarubolone (R,
0.47), and glucose (R;0.0) could be seen in the sample lanes. Glaucarubolone-
glucoside (R;0.18) was not present in any of the transglycosylation samples.
Enzymatic Hydrolysis of Glaucarubolone Glucoside

In a similar experiment, glaucarubolone-glucoside (50 mg) dissolved in
acetonitrile (5 ml), and naringinase (50 mg), were added to a 250-mi DeLong
flask containing 45 ml of KH,PO, buffer (0.04 M, pH 5). Three 3 ml samples
were removed over a period of 5 days. The samples were compared via TLC to

the hydrolysis product, glaucarubolone. The TLC plates were visualized by
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spraying with cerium sulfate and heating. No glaucarubolone was present in the
hydrolysis samples.
Castela emoryi Root Culture Transformation of Glaucarubolone
Biotransformation of glaucarubolone by Castela emoryi root cultures was
also investigated. To each of nine Castela emoryi root cultures (refer to pages
49-52, and pages 92-93, for culture preparation) was added glaucarubolone (15
mg) dissolved in DMF (45 um). Out of four control root cultures, two received
DMF (45 um each) the remaining two received no substrate or DMF.  After 14
days the flasks were taken-down, the medium was decanted from the root
cultures, and the roots and media were freeze-dried. The roots and media were
each extracted in MeOH, dried, and fractionated on Bakerbond spe C18 columns
(as per the experimental section, pages 51-52). The MeOH fraction from each
column was compared via HPLC (refer to experimental section, page 49) to
known samples of holacanthone, glaucarubolone, and glaucarubolone-glucoside.
Based on peak retention time, glaucarubolone-glucoside was found to be
present in three of the nine biotransformation methanol fractions (Graph 2.1).
None of the substrate was found to be present in any of the samples. Likewise,
no holacanthone was found to be present. Overlay comparison of the ultraviolet

(UV) spectrum of the glaucarubolone-glucoside peaks from each of the three root
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extracts, to the UV spectrum of a known sample of glaucarubolone-glucoside

showed correlation coefficients of 0.9867, 0.9910, and 0.9947.
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Graph 2.1: Graph of peak retention times vs. elapsed time.
The product yield (Table 2.2) was calculated based on the external

standard method (Lindsay, 1992), using Equations 2.1 and 2.2,

concentration of standard

Equation 2.1: UV response factor =

peak height of standard
Equation 2.2:  Concentrationof _ UVresponse ,  peak
component peak factor height

Table 2.5: Yield of glaucarubolone-glucoside from root biotransformations

root concentration peak  UVresponse glaucarubolone percent

culture [mg/ml] height factor yield [mg] yield
1 1.4 2257 45x10° 0.014 0.09 %
2 1.8 2146  4.5x10° 0.017 0.12%

3 1.6 2623 45x10% 0.019 0.13%
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Castela emoryi Shoot Culture Transformation of Glaucarubolone

To each of three Castela emoryi shoot cultures (refer to chapter 1, pages
52-53, and 2, page 93, for culture preparation) was added glaucarubolone (10 mg)
dissolved in DMF (100 um). Out of four control root cultures, two received
DMF (100 um each) the remaining two received no substrate or DMF.  After 10
days the flasks were taken-down, two of the biotransformation flasks were
contaminated and were discarded. The contents of the remaining flasks were
transferred to 150-ml beakers and freeze-dried. The cultures were each
extracted in MeOH, dried, and fractionated on Bakerbond spe C18 columns (as
per pages 53-54, and page 93).

The MeOH fraction from each column was compared via HPLC (refer to
page 49) to known samples of holacanthone, glaucarubolone, and
glaucarubolone-glucoside. Based on peak retention time, holacanthone and
glaucarubolone were found to be present in the one remaining shoot
biotransformation extract methanol fraction. No glaucarubolone-glucoside was
found to be present. Overlay comparison of the UV spectrum of the
holacanthone peak (peak purity 0.992) from the shoot extract, to the UV spectrum
of a known sample of holacanthone showed a correlation cocfficient 0f 0.9178,
Comparison of the shoot culture glaucarubolone peak UV spectrum‘ (peak purity

0.999) to the spectrum of a known sample of glaucarubolone indicated a 0.9726
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correlation coefficient. The component concentrations (Table 2.6) of
holacanthone (0.82 mg) and glaucarubolone (0.08 mg) were calculated by the
external standard method shown above.

Table 2.6: Yield of holacanthone and glaucarubolone from shoot
biotransformation culture.

compound concentration peak  UVresponse  product percent
[mg/ml] height  factor yield [mg] vyield
holacanthone ~ 44.2 23451  35x10°  0.82 8.2%

glaucarubolone  44.2 19675 4.3 x10° 0.08 0.8%




80

Experimental

Materials

Refer to chapter 1, pages 29-33.
Methods

Isolation of Holacanthone from Castela emoryi Extracts

Holacanthone was isolated from crude fractions of Casrela emoryi
extracts provided by Joseph J. Hoffmann. In addition, Castela emoryi seeds (8.6
kg) were extracted for the purpose of holacanthone isolation. Holacanthone was
isolated through a series of gravity flow liquid chromatography columns, flash
chromatography columns and by recrystallization from methanol.
Column 1

An 8.2 cm ID glass column was slurry packed in DCM with 2000 g of
recovered silica gel 60, 63-200 um. The sample (labeled Casrela 88012, M.L. 1,
Fr.B, 68 g) was adsorbed onto 220 g of recovered silica gel, placed on top of the
column bed (void volume approximately 2 L), and capped with silica gel. The
column was eluted with; DCM:MeOH (10 L 96:4, 1 L 92:8, 2 LL 75:25, 1 L 50:50)
and washed with 1 L MeOH. A total of 22 fractions (~ 500 ml each) and a
MeOH wash, were collected. Based on TLC results (DCM:MeOH, 92:8) like

fractions were combined to yield 4 fractions (A-D).
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In the process of combining fractions, four of the initial 22 fractions (all
part of fraction B) were found to produce a yellowish precipitate when taken-up
inDCM. The precipitates were removed by vacuum filtration, combined (2.9 g),
and the mother liquor was combined with a fifth fraction to form fraction B.

The precipitate was recrystallized in EtOAc:DCM, 20:5 (30 ml) producing 400
mg of tan colored, spherical crystals (~1 mm in diameter) which were identified
as gallic acid by TLC comparison (DCM:MeOH, 92:8, and Hex:EtOAc:MeOH,
60:38:2) to a known sample.

Fraction B (24 g) was dissolved in 100 ml DCM:MeOH (1:1) and covered
with foil.  After several days, white needle shaped crystals (0.9 g) were
recovered by vacuum filtration and identified as holacanthone by TLC (DCM:
MeOH, 92:8) comparison to a known sample.

Column 2

A 5 cm ID x 100 cm glass column was slurry packed in DCM with 1200 g
recovered silica gel 60, 63-200 um. The sample, fraction B from column 1 (24
g), was adsorbed onto 72 g of silica gel 60, and placed on to the column bed (void
volume approximately 1.2 L). The column was eluted with DCM:MeOH (6 L
98:2, 2 L 90:10) and washed with MeOH (1.5 L). A total of 23 fraction (300 to

750 ml) were collected.
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Fractions 6-8 (9.2 g) were shown by TLC (solvent system) to contain
holacanthone. These fractions, were taken up in MeOH (~100 ml) and
combined. The volume was reduced to ~50 ml and the beaker was covered with
foil and placed into the refrigerator overnight. White needle shaped crystals (2.5
g) were recovered by vacuum filtration. The M.L. was again placed in the
refrigerator and a second crop of crystals (0.2 g) was recovered. The mother
liquor and the remaining column fractions were combined into like fractions
based on TLC results (DCM:MeOH, 92:8) to yield four fractions (A-D).

Column 3

The starting material for column 3 consisted of two Castela extracts; Fr
AIV (8.6 g)and C-2 (2.9 g). Each of the extracts were taken-up in MeOH (~50
ml) and were combined. A portion of the material did not dissolve, even upon
heating the solution. The insoluble material was removed by vacuum filtration
and was shown by TLC (DCM:MeOH, 92:8) to contain holacanthone and another
compound. Several attempts were made to recrystallize the holacanthone from
MeOH, but the other material always precipitated with the holacanthone. This
mixture (1.6 g) was set aside to be fractionated on column 4.

The MeOH soluble material from above (9.9 g), was adsorbed onto 33 g
of recovered silica gel 60. A 3 cm ID glass column was slurry packed in DCM

with 575 g of recovered silica gel 60, 63-200 um. The sample was placed on top
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of the column bed (void volume approximately 0.6 L), and capped with silica gel.
The column was eluted with: DCM:MeOH (3.5 L 98:2, 0.7 L 90:10) and washed
with MeOH (1.0L). A total of 23 fractions (130 to 600 ml each) were collected.

Based on TLC results (DCM:MeOH, 92:8) indicating the presence of
holacanthone, fractions 8-12 were taken-up in MeOH and combined. The
volume was reduced to 50 ml and the solution was allowed to sit at room
temperature for several nights. White needle shaped crystals (0.87 g) were
recovered from the solution by vacuum filtration and were rinsed with cold
MeOH. The volume of the mother liquor was reduced to 20 ml and left
overnight. A second crop of crystals (0.56 g) was recovered by vacuum
filtration. The two crops were identified as holacanthone by TLC comparison
(DCM:MeOH, 92:8) to a known sample.  The mother liquor and the other
column fractions were combined into like fractions based on TLC results, to yield
four fractions (A-D).
Column 4

A small glass column (2 cm ID x 90 cm) was slurry packed in DCM with
80 g of recovered silica gel 60. The sample (Castela 88012, AIV and C-2
MeOH insoluble material, 1.6 g) was adsorbed onto 5.0 g of recovered silica gel
60, placed on to the silica bed (void volume approximately 80 ml) and capped
with silica gel. The column was eluted with 400 ml DCM:MeOH (95:5) and

washed with MeOH (150 ml). A total of 20 fractions (20 to 40 ml each) were
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collected. Based on TLC results (DCM:MeOH, 92:8) like fractions were
combined to yield three fractions (A-C). Fraction A (1.1 g) and fraction B (0.4
g) were identified by TLC, as holacanthone.

Isolation of Holacanthone from Castela emoryi Seeds

Castela emoryi seeds (8.6 kg), that had been ground in a hammer mill (3
mm particle size), were extracted in an 85-L Lloyd type extractor. The seeds
were soaked 3 times in DCM (19 L each). The bagasse was then rinsed with
methanol (15 L) and extracted in methanol (30 L). The extraction was allowed
to proceed through 4 to 5 cycles before the methanol was removed. The DCM
extract (309.5 g), MeOH rinse (138.9 g), and MeOH extract (960.1 g) were each
dried under vacuum.

Three samples (10 g each) were removed from the MeOH extract. The
first sample was partitioned between EtOAc/H,0 (200 ml each). The EtOAc
layer (3.1 g) was dried under vacuum and compared by TLC (CHCl;:MeOH:H,0,
65:25:10, lower phase) with a known sample of holacanthone. The H,O layer
(6.9 g) was then partitioned in n-BuOH/H,0 (200 ml each). The two layers were
compared via TLC and dried under vacuum,

The second sample was partitioned between CHCl;/H,O. The
Chloroform layer (0.7 g), emulsion (1.2 g) and H,O layer (8 g) were dried (under
vacuum, under hood, and freeze dried respectively) and compared by TLC

(CHCl3:MeOH:H,0, 65:25:10, lower phase) to a known sample of holacanthone.
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The third sample was extracted in DCM:MeOH (2:1). The soluble
material (5.4 g) was dried under vacuum and compared by TLC (CHCl;:MeOH:
H,0, 65:25:10, lower phase) to the insoluble material (4.8 g) and to a known
sample of holacanthone.

Based on TLC comparison (CHCl;:MeOH:H,0, 65:25:10, lower phase) of
the above three separation techniques, the majority of the MeOH extract (907 g)
was extracted in 9 L DCM:MeOH (2:1). The soluble material (445.6 g) was
dried under vacuum and combined with the soluble material (5.4 g) from the
small scale extraction. The combined extracts (451.0 g) were then dissolved in
H,O (10 L) and partitioned with an equal volume of chloroform. The
chloroform layer was drained off and a second chloroform partition was
performed. The two chloroform layers (21.5 g) were compared by TLC and
combined.

Column 5

A 5.0 cm ID x 40 cm flash column was slurry packed in DCM with 420 g
of recovered silica gel 60, 63-200 um. The chloroform extract from above
(21.5 g) was adsorbed onto 63 g of recovered silica gel, placed on top of the
column bed (void volume approximately 0.4 L), and capped with silica gel. The
column was eluted with DCM (3.5 L), DCM:MeOH (1 L 98:2, 5.5L.95:5,0.5L

90:10) and washed with MeOH (1.1 L). A total of 118 fractions (50 to 250 ml)
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were collected. Based on TLC results (CHCl;:MeOH:H,0, 65:25:10, lower
phase) like fractions were combined to yield eight fractions (A-H).
Crystallization of Holacanthone from MeOH

Fraction D (7.01 g) from above, was dissolved in MeOH (150 ml) with
stirring over low heat. MeOH insoluble material (1.1 g) containing crystalline
material and brown powder, was removed by vacuum filtration. The MeOH
insoluble mixture was taken-up in 70 ml of DCM:MeOH:ATN (1:3:3). The
brown powder (0.09 g) did not dissolve and was removed by vacuum filtration.
The DCM:MeOH:ATN solution was dried under vacuum producing a mixture
(1.01 g) of needle shaped white crystals. The mixture was shown by TLC
(DCM:MeOH, 98:2) comparison to a known sample, to contain holacanthone.

The MeOH solution was left at room temperature for several hours at
which time a precipitate was found to have formed. White crystals (0.48 g) were
recovered by vacuum filtration. A second precipitate (0.84 g), similar in
appearance to the first, was recovered later that day.  The volume of the mother
liquor was reduced to 40 ml, the solution was covered and placed into the
refrigerator over night. The following day, a third precipitate (1.07 g) was
recovered by vacuum filtration. The three precipitates were each shown by TLC

(DCM:MeOH, 98:2 and 95:5) to contain holacanthone.
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Microbial Transformation of Holacanthone

Selection of Microbes

Several microbes were selected based on literature reports of
glycosylation of exogenous substrates, these included: Mucor circinelloides (also
referred to as Mucor javanicus), ATCC 15242 (Suzuki, Y., 1972), Rhodotorula
glutinis, ATCC 15125 (Kameda et al., 1975), Saccharomyces cerevisiae
(Fleishmans active dry yeast) (Ogata, K., 1970), Streptomyces antibioticus, ATCC
11891 (LeMabhieu et al., 1976), Streptomyces coeruoeorubidus, ATCC 31276
(Blumauerova et al., 1979). In addition, two microbes that were available in the
laboratory were also tried: Aspergiluus niger, Septomyxa affinis (ATCC 6737).
Screening Experiments

Seven microbial transformation screening experiments were performed on
holacanthone, using a two-stage fermentation technique (Betts et al., 1974).
Stage I culture:  Using aseptic technique, a one week old slant of each of the
eight microbes was wetted with 5 ml of soybean meal glucose medium (SMG),
the vegetable matter was scraped loose with a sterile loop, and each was poured
into a 250 ml DeLong flask containing 50 ml of SMG, with the exceptions of
Rhodotorula glutinis and Saccharomyces cerevisiae which were carried out in
yeast malt broth (YM). The flasks were covered with stainless steel caps and
placed on an orbital shaker (1.5” stroke) set at 200 to 230 r.p.m. and run at room

temperature (approximately 25 C).
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After three or four days, depending on the growth rate of the culture, stage
II cultures were inoculated. For each microbe, a 10% inoculum, obtained from
the stage I cultures, was added to each of two or four 250-ml DeLong flasks,
containing 50 ml of the appropriate medium. After 24 to 48 (one was longer)
hours, 15 mg (10 mg for 4. niger) of holacanthone (dissolved in approximately
150 um 95% ethanol with 0.5% tween 20) was added to 1-3 of the stage II
cultures for each microbe. The remaining flask for each microbial culture was
used as a control for comparison purposes. Each control flask received 100 um
of 95% ethanol. The flasks were placed on the shaker as before, and incubated at
room temperature,

Every other day, for a total of 9-15 days, a 3-5 ml sample was removed by
sterile pipet, from each biotransformation and control, and placed into a 10-ml
test tube. The samples were partitioned with an equal volume of n-
BuOH:EtOAc (9:1), the organic layer was removed by Pasture pipet, dried by
rotary evaporation, and analyzed for the presence of metabolites by TLC
(CHCI3:MeOH:H,0, 65:25:10, lower phase). Known samples of holacanthone,
glaucarubolone, and glaucarubolone-glucoside were also run on the TLC plates

for comparison.
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Hydrolysis of Holacanthone

Holacanthone (502 mg) was dissolved in methanol (40 ml) in a 200-ml
boiling flask and sodium bicarbonate (500 mg), dissolved in dH,O (10 ml), was
added to the flask. The flask was swirled periodically and left at room
temperature.  After 14 days the hydrolysis was shown by TLC (DCM:MeOH,
95:5) to be complete. The pH was adjusted to pH 6 with 3M HCL. Propanol
(50 ml) was added to the flask and the solution was dried by rotary evaporation.

A yellow powder was obtained and was decolorized in methanol (50 ml)
and activated charcoal (~0.5 g) with stirring for 15 minutes. The mixture was
filtered through a sintered glass funnel with a 1.5” bed of recovered silica gel 60,
washed with methanol (50 ml), and dried by rotary evaporation. To remove
silica gel that had dissolved in the methanol, the sample was taken up in
chloroform:methanol (40:1) vacuum filtered, and dried by rotary evaporation.
An off white powder was obtained and was shown by TLC comparison to a
known standard (DCM:MeOH, 95:5) to be glaucarubolone.
Enzyme Transglycosylation of Glaucarubolone

A transglycosylation reaction was performed on glaucarubolone using the
enzyme naringinase, a form of B-glucosidase from Penicillium decumbens (Sigma
catalog #N1385 ). To each of two 250-ml DeLong flasks containing KH,PO,

buffer (0.04 M, pH 5) (20 ml) was added, cellobiose (125 mg dissolved in 4 ml
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buffer), naringinase (50 mg dissolved in 10 ml buffer), and glaucarubolone (50
mg dissolved in 5 ml buffer). Each of the flasks was brought up to volume (50
ml) with buffer solution, and placed onto an orbital shaker (1.5” stroke) at 90
r.p.m., approximately 27 C for a total of eight days.

Periodically samples (1.5 ml) were removed from each of the flasks for
TLC analysis and placed into a 50-ml Erlenmeyer flask. Each sample was
placed into a boiling water bath for 10 minutes to inactivate the enzyme, 2-
propanol was added (1-3 ml), and the sample was dried under vacuum. The
samples were compared by TLC (CHCl;:MeOH:H,0, 65:25:10, lower phase) to
glaucarubolone and glaucarubolone-glucoside.
Enzymatic Hydrolysis of Glaucarubolone-glucoside

To a 250-ml DeLong flask added, 50 ml KH,PO, buffer (0.04M, pH 5),
naringinase (50 mg), and glaucarubolone-glucoside (10 mg, dissolved in 5 ml of
acetonitrile). The flask was placed on an orbital shaker (1.5 stroke) at 90
r.p.m.,, 37C. Three 3 ml samples were removed over a period of five days. To
each sample was added IPA (7 ml) and each was dried under vacuum. Each
sample was compared by TLC (CHCl;:MeOH:H,0, 65:25:10, lower phase) to
glaucarubolone and glaucarubolone-glucoside.
Root Culture Transformation of Glaucarubolone

Refer to pages 49-52, for the methods used to produce Castela emoryi root

cultures. The spent medium was removed from fourteen, 1 to 2 month old
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Castela emoryi root cultures via sterile pipets.  Fresh medium (20 ml each) was
added to each of the cultures. Seven of the cultures received 2MSBS with 3%
sucrose and the remaining seven received 2MSBS with 1.5% sucrose and 1.5%
glucose. Ten of the cultures (5 from each medium) received glaucarubolone (15
mg each) dissolved in DMF (45 um). Two of the cultures received DMF (45 um
each) and the remaining two received no substrate or DMF. The cultures were
placed onto an orbital shaker (1.5” stroke) at 110 r.p.m., 28 C, and were grown in
darkness for 14 days.

After 14 days the cultures were taken down. One of the
biotransformation cultures (glucose medium) had become contaminated and was
discarded. The medium from each culture was decanted into a 100-ml beaker,
each of the roots was rinsed with approximately 10 ml of distilled H,O (the rinse
was added to the spent medium) and the roots were each transferred to a beaker.
The roots and media were freeze dried, extracted two times in MeOH
(approximately 10 ml each) with stirring, and vacuum filtered. The extracts
were dried under the fume hood, and run on Bakerbond spe C-18 columns (3-ml)
as per pages 51-52. Each extract was analyzed for the presence of
glaucarubolone, glaucarubolone-glucoside, and holacanthone by HPLC (refer to

page 49 for the HPLC methods).
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Shoot Culture Transformation of Holacanthone

Refer to chapter 1 (pages 52-53) for the methods used to produce the
Castela emoryi shoot cultures. Nine Castela emoryi shoot cultures (1 to 2
months old) in 125-ml DeLong flasks were prepared for use in a
biotransformation experiment. The spent medium was removed by sterile pipet,
and fresh ¥2MSBS medium (20 ml each) was added. Three of the cultures
received glaucarubolone (10 mg dissolved in 100 um of DMF). Two of the
cultures received DMF (100 um each), and the remaining four cultures received
neither DMF nor glaucarubolone. The flasks were placed on an orbital shaker
(1.5” stroke) at 110 r.p.m., room temperature, on a 16 hour light cycle.

After 10 days the cultures were taken down. Two of the
biotransformation cultures had become contaminated and were discarded. The
remaining cultures were transferred to 100-ml beakers, freeze-dried, and
extracted 2 times in MeOH (15 ml each). The extracts were vacuum filtered,
evaporated dry under the hood, and fractionated on Bakerbond spe C18 columns
(3-ml) as per chapter 1, pages 53-54. Each extract was analyzed for the presence
of glaucarubolone, glaucarubolone-glucoside, and holacanthone by HPLC (refer

to page 49 for the HPLC methods).
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Summary and Conclusions

During the course of this research the quassinoid holacanthone was
obtained from fractions of Castela emoryi extracts and from Castela emoryi seeds
by means of solvent extraction, liquid chromatography and crystallization from
methanol. The extracts yielded 6.5 g of holacanthone (0.02% yield) and the
seeds produced 3.4 g (0.04% yield).

Microbial transformation of holacanthone by seven different microbes
was investigated using a two-stage fermentation technique. Five of the seven
microbes were able to hydrolyze the holacanthone but no glucosylated
metabolites were produced.

Transglycosylation of glaucarubolone via the enzyme naringinase from
Penicillium decumbens, and the glucose donor, cellobiose, was unsuccessful. In
fact naringinase was found to be unable to hydrolyze the glucose moiety from
glaucarubolone-glucoside indicating that the C-15 position of the glucoside is not
readily accessible to the enzyme.

Biotransformation of glaucarubolone by Castela emoryi root cultures was
successful in producing glaucarubolone-glucoside. After a 14 day incubation,
HPLC analysis showed a yield of approximately 0.01% in three out of nine
biotransformations. The low product yield and absence of unreacted substrate

indicates the product (and possibly the substrate) was being degraded. A time
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course study of the biotransformation would indicate the best incubation period
for optimum glucoside yield.

Biotransformation of glaucarubolone by Castela emoryi shoot cultures
was shown by HPLC to produce the acetylated metabolite, holacanthone (8.2%
yield). Once again, a time course study of the biotransformation would be
beneficial for optimizing the product yield. It is interesting that the root culture

generated the glucosylated product, and the shoot culture, the acetylated product.
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Chapter 3
Microbial Transformation of Incanilin Acetate

Introduction
Parthenium argentatum Gray

Parthenium argentatum Gray, known by the common name guayule, is a
woody perennial shrub common to the Chihuahuan Desert region of northern
Mexico and southwestern Texas, It is a member of the Asteraceae family and
has been extensively studied as a North American source of natural latex.
Guayule produces a high-molecular-weight cis-polyisoprene rubber that has been
found to have performance capabilities similar to those of Hevea brasiliensis
rubber.

History of Guayule as a source of rubber

Guayule has been recognized as a source of rubber for many centuries.
Guayule rubber was produced commercially by the Continental Mexican Rubber
Company (later known as the Intercontinental Rubber Co.), from 1906 until the
great depression. At the peak of its production in 1910, guayule rubber
accounted for 24% of the rubber imported into the US. In 1942, during World
War II, the US Government Emergency Rubber Project (ERP), took over the

Intercontinental Rubber Company facilities.
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The Emergency Rubber Project (ERP) was instigated in response to a
serious rubber shortage. Rubber was (and is still) a critical war material, but the
supply of Hevea brasiliensis rubber, produced almost exclusively in Southeast
Asia, was cut off due to the war in the Pacific. The ERP produced 1,400 tons of
guayule rubber and could have produced 10,000 tons more from harvestable
plants in 1946 when the war ended. My own grandfather, Paul H. Roberts, was
involved with this project and wrote the final report for the US Forest Service,
“Final Report, the Emergency Rubber Project:. A report on our wartime guayule
program”,

Natural latex continues to be an important commodity. It has a higher
resiliency, tensile strength, and heat resistance than synthetic rubber, and certain
applications, such as airplane tires and radial tires require natural rubber. In
recognition of the strategic importance to national defense, and that the United
States is totally dependent on foreign sources for natural rubber, the US Congress
passed the Native Latex Commercialization and Economic Development Act of
1978. The act was later reauthorized as the Critical Agricultural Materials Act
of 1984. The moneys provided by these acts have supported research on
genetics, biochemistry, plant breeding, agronomics, rubber extraction and

coproduct utilization of guayule.
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Economics of guayule rubber production

Economically, guayule can not compete with Hevea rubber. Hevea
produces an average yield of 2000 kg/ha/y of rubber. Guayule, at best produces
367 kg/ha/y (Schloman and Wagner, 1991). In addition, the entire guayule plant
(above-ground material) must be harvested and extracted to recover the rubber, as
opposed to Hevea trees which are tapped. Only 7% of guayule plant material
consists of rubber, the remaining 93% includes: bagasse, guayule resin, and
water-soluble materials. Thus, economically it will be very difficult for guayule
rubber to compete on the world market, unless coproducts from guayule and/or
specialty uses for guayule latex (such as surgical gloves for use on/by people who
are allergic to Hevea rubber) can be developed.
Coproducts from guayule

The identification and development of commercial uses for guayule
coproducts is considered essential for the establishment of a guayule rubber
industry. Many avenues have been investigated in the search for coproducts
from guayule. For instance, guayule bagasse has been used as a cogeneration
fuel, and investigated as a feedstock for gasification and conversion to liquid fuels
(Kuester, 1991), as a source of fermentable sugars and fiber (Schloman and
Wagner, 1991), for use in paraffin-based fireplace logs (Wagner et al., 1991), as
pulp for papermaking (Schloman and Wagner, 1991), and as an overlay material

for hardboard products used in home construction (Thames and Wagner, 1991).
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The chlorination of low-molecular-weight guayule rubber has yielded a
product that compares favorably to commercial-grade chlorinated rubber (Thames
and Wagner, 1991) used in the coating industry, primarily in traffic paints and
marine coatings. In addition, guayule chlorinated rubber produced in the
presence of AIBN corresponds well to commercial grade Alloprene CR-5, which
is used in printing inks.

The use of guayule resin as plasticizer/adhesive modifiers in high-
performance epoxy resin coatings has also been studied (Thames and Kaleem,
1991). Guayule resin is a complex mixture which includes as much as 22.8%
fatty acids (mainly linoleic acid), in the form of triglycerides. Epoxy coatings
modified with fatty acids are known to show greater flexibility without damaging
the performance of the film. Epoxy coatings modified with up to 10% guayule
resin demonstrated performance characteristics similar to unmodified coatings,
when applied to treated steel and aluminum surfaces. Application of guayule
modified coatings to untreated steel and aluminum produced a readily strippable
epoxy coating, This characteristic is not found in the unmodified epoxy coating
and could have highly specialized applications for use in the temporary protection

of aircraft and weapons during transport and storage.
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The use of guayule resin as a wood protectant, against marine and
terrestrial wood-destroying organisms, has also been investigated (Bultman et al.,
1991). Wood impregnated with guayule resin was not attacked, or was lightly
attacked, by limnorians (crustacean borers) even after 45 months in Limon Bay
(the Atlantic side of the Panama Canal). Termites of the genus Coprotermes and
Heterotermes did not attack resin treated wood after 33 months and 45 months
respectively, exposure in the Panamanian rain forest. Resin treatment also
showed significant inhibition of fungal decay by brown-rot (Gleophyllum
trabeum, Antrodia carbonica, Fomitopsis cajanderi, Lentinus ponderosa), white-
rot (Dichomitus squalens, Trametes versicolor, Ganodermas sp.) and soft-rot.
Maatooq et al. (1995, in press) have isolated antifungal compounds from guayule
with activity against Aspergillus niger. A novel eudesmane sequiterpenoid was
identified as the major active constituent.

Chemistry of guayule

Analysis of guayule’s chemical constituents has shown significant
variation among different cultivars, time of harvest, site of cultivation, and
processing history (Schloman et al., 1983; Schloman et al., 1986). Various
reports on the composition profile of guayule (Roetheli and Wagner, 1991,
Schloman and Wagner, 1991) have indicated the yield of high-molecular-weight
rubber to be up to 7% of the plant material. The resin (i.e. the acetone extract

of the plant material) is reported to be between 6.5 and 11%, and the aqueous
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extract between 9.5 and 15% by weight of the plant material. The remaining
material consists of bagasse.

The high-molecular-weight rubber fraction, as previously mentioned, is a
cis-polyisoprene of approximately 1,000,000 amu and accumulates mainly in the
bark. Although guayule rubber compares well with Hevea rubber, some
differences have been reported. Guayule appears to contain fewer reactive
groups i.e. epoxides, amines, and carbonyl groups. In Hevea these groups
participate in “storage hardening” that results from the formation of cross-linking
between the polyisomer chains. Thus guayule rubber has a reduced green
(unvulcanized) strength.

The resin fraction is reported to be between 6.5 and 11.0 % of the plant
material. The composition of major constituents of the resin has been reported
to contain 27% triterpenoids, 10-15% sesquiterpene esters, and 7-19% fatty acid
triglycerides. Other researchers suggest the triterpeniod content may be as high
as 55% of the resin (Komoroski et al., 1986), and the fatty acid triglycerides up to
22.8 % (Thames and Kaleem, 1991).

Triterpenoids make up the major fraction of the guayule resin. Inall, 6
different triterpenoid constituents have been identified, including incanilin (4),
argentatins A (5), B (6), C (7), and D (8), and isoargentatin B (9). All are C30

keto alcohols derived from either cycloartane or lanost-8,9-ene.
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Other terpenoids that have been confirmed from guayule include, a-
pinene, B-pinene, terpinoline, linalool and bornyl acetate (which appears to be
unique to guayule and P. confertum among Parthenium species). The
sesquiterpene lactones that are common to most Parthenium species are not found
in guayule.

Also unique to guayule among Parthenium species are the guayulins,
sesquiterpene esters of partheniol and trans-cinnamic acid (guayulin A) or p-
anisic acid (guayulin B). Guayulin A (8-10% of the resin fraction) and guayulin
B (1-3%) are the main components from this class of metabolites. Guayulins C

(1-3%) and D (up to 1%) are the trans-cinnamic acid and p-anisic acid esters of
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8a-hydroxyspathulenol, and are formed due to chemical and thermal instability
of Aand B. Guayulin A is notable as a cause of contact dermatitis and may pose
problems for people working in a guayule based industry (Rodriguez, 1981).

Fatty acids in the form of triglycerides make up between 7- 22.8 % of the
resin fraction. Linoleic acid was identified as the most abundant of the fatty
acids, but linolenic, palmitic, oleic, and stearic acids are also present (Schloman
etal., 1983). Epicuticular hydrocarbons are reported to include nonacosane and
hentriacontane as the major constituents along with other C;, to C4, n-alkanes
(Proksch et al., 1982; Scora et al., 1986). Docosanyl eicosanoate is the primary
epicuticular wax found on the leaves and flowers.

Five flavanoids have also been isolated from the guayule resin fraction.
They have been identified as methyl ethers of quercetagetin and 6-
hydroxykaempferol. In addition, two kaempferol glycosides have been
identified (Mears, 1980).

The aqueous extract from the bagasse contains approximately 63% crude
polysaccharides, and included extractable levulins, inulins, and monosaccharides.
Dilute acid hydrolysis produced a complex mixture that was found to contain
mannose, and arabinose, but no fructose. The remaining portion of the aqueous

extract is made up of polyphenolics.
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Guayule bagasse contains 50% holocellulose, of which 40% is
hemicellulose. The fiber length of this holocellulose is very short (0.32 mm).

Guayule bagasse also contains 15% lignin and 27 % pentosans.

Triterpenoid coproducts

Triterpenoids, because they make up a major portion of the guayule resin
fraction, are of interest as a potential source of coproducts. Development of a
high-value, biologically active, triterpenoid product, could make a commercial
guayule based industry economically feasible. With this in mind, the feasibility
of converting three triterpenoids from guayule, incanilin (4), argentatin A (5), and
argentatin B (6), into biologically active compounds was investigated. These
compounds, which are isolated in high yields from guayule, are structurally
similar to two different compounds that have biological activity. Deacetoxy-
papyrific acid (10), from the plant Betula glandulosa has been found to have
snowshoe hare antifeedant activity, i.e. rodent antifeedant (Williams et al, 1992).
Polacandrin (11), from the plant Polanisia dodecandra, has cytotoxic activity (Shi

et al, 1992).
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CH,CCHCO

(10) 11

The goal here was not to convert the guayule compounds into the active
structures, but rather to add the key structural features to the molecules in order to
generate the desired activity. In the case of deoxypapyrific acids rodent
antifeedant activity, the malonic acid group at position-3 can be added
semisynthetically, but the 12f3-hydroxy group must be added by a more selective
.method, i.e. microbial transformation. This is also true for the 23 and 12f3-
hydroxy groups of polacandrin. Only the 12f3-hydroxylation step was considered
in this investigation.

Microbial h‘ydroxylation of triterpenoid substrates

Microbial transformation of tetracyclic triterpenoids, in the form of
steroids, has a long history. Mamoli and Vercellone (1937) performed the first
systematic study of microbes for the chemical alteration of steroids. Over the
years a vast amount of research has been done in this area due to the physiologic

ahd, therefore, commercial significance of steroidal hormones, ( e.g. as
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antiinflammatory agents, antifertility agents, for the treatment of diseases
resulting from congenital hormone deficiencies, agricultural uses, etc.).

A wide variety of reactions have been reported, including: hydroxylations,
alcohol oxidations, epoxidations, carbon-carbon bond scissions, double bond
introductions, peroxidations, heteroatom oxidations, heteroatom introductions,
reductions, isomerizations, conjugations, and hydrolyses. Commercially,
hydroxylations have been the most important transformation performed by
microbes, i.e. the 11a and 11B-hydroxylations of progesterone for corticosteroid
production, and 16a-hydroxylation for the production of the antiinflammatory
drug, 16-a~hydroxy-9-a—fluoroprednisolone (triamcinolone). Microbial
hydroxylations have been reported at almost every possible position in the steroid
nucleus.

Because the guayule triterpenoids have the steroid nucleus, with the
addition of either the cyclopropy! function at C-19 or the A® double bond, the
literature on steroid 12p-hydroxylation was used as a basis for selecting microbes
for the guayule biotransformation research. Based on reviews of microbial
transformation of steroids (Capek et al., 1966; Charney and Herzog, 1967, Laskin
and Lechevalier, 1984; lizuka and Naito, 1981) ten microbes were identified that
had been reported to carry out 123-hydroxylation. Calonectria decora has been

reported to perform 123 hydroxylation of various androstane, pregnane and
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cardenolide substrates. 150 hydroxylation is often reported in conjunction with
the 123 hydroxylation. Yields of between 2-95 % have been reported. The
reaction is less common with 3-keto-A’-steroidal substrates. Coniothyrium
hellebori, has performed 12 hydroxylation on 17-dihydroxypregn-4-ene-3,20-
dione (25% yield), and on 4-pregnene-3,20-dione.  Gibberella saubinetii,
successfully produced 128 hydroxy metabolites of 14-hydroxy-3-0x0-53,143-
card-20(22)-enolide (53%); 3PB,14-dihydroxy-58,143-card-20(22)-enolide (70%);
3pB,14,16B-trihydroxy-58,14p-card-20(22)-enolide (6%). Fusarium lini, has
been reported to convert various cardenolides and bufotoxins (resibufogenin,
dehydrobufalin, marinobufagin, bufalin) into their 128 metabolites. Newurospora
crassa, transforms 3-hydroxyestra-1,3,5(10), 6,8-pentaen-17-one into estra-
1,3,5(10),6,8-pentaene-3,12f3,17B-triol. Dematiaceae strain M-202 converts
androst-4-ene-3,17-dione into its 12B,160a—dihydroxy metabolite.

Colletotrichum derridis, converts 17B-hydroxyestr-4-en-3-one into its 123~
hydroxy metabolite (19%) and its 123-hydroxy, 17-one metabolite (4%).
Saccharomyces cerevisiae, also produces the 123-hydroxy,17-one metabolite of
this substrate. Helicostylum piriforme, and Nigrospora sphaer;ica each convert

3p,14-dihydroxy-5p,14p-card-20(22)-enolide into its 12B-hydroxy metabolite.
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Results

Identification of Compound 12

Compound 12 (TIA-5) was isolated by flash chromatography and
preparative TLC, from the incanilin/argentatin A acetylation mixture (refer to
experimental section, pages 155-156), and was identified by spectral analysis as
the diacetylated product (13) of a previously unknown natural product, cycloart-
25-ene-3-one-16,24-diol (12). This compound was obtained as a pale yellow
powder that displayed a single tan colored spot by TLC (hexane: ethyl acetate
70:30, R;0.62). GC analysis showed two peaks (66% and 34%) characteristi_c
of the two isomers (i.e. the cycloartane skeleton (a) and the lanost-8,9-ene
skeleton (b)) commonly found together in triterpenoids from Parthenium
argentatum. This suggests that the diacetylated isomer (15) of lanost-8, 25-
diene-3-one-16,24-diol (14), is also present. The cycloartane and lanost-8,9-ene
isomers (i.e. incanilin and argentatin A) have been reported to be difficult to

separate (Komoroski et al., 1986).
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(12) R=H (14) R=H
(13) R=COCH, (15) R=COCH;

(a) (b)

Infrared Spectroscopy (IR)

The IR spectrum of 13 (Figure 3.1) displays acetyl bands at 1720cm ™!
(carbonyl) and 1240 cm™ (C-O stretching) and the C-3 carbonyl at 1690 cm™.
A weak band at 3040 cm ' may be attributed to either the methylene group of the
cyclopropane bridge or to unsaturated C-H bond (stretching). Bands at 1630 cm’
"and 890 cm™ are characteristic of a terminal methylene, and bands at 1360 and

1370 cm™! indicate the presence of geminal dimethyls.
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Figure 3.1: IR spectrum of compound 13.
Proton Nuclear Magnetic Resonance Spectroscopy (PMR)

The PMR of this compound (Figure 3.2) shows a multiplet (ddd,1H, J=
5.0, 4.6, 5.0 Hz) centered at 5.26ppm, due to the C-16 proton. Two doublets
centered at 5.07ppm (1H, dd, J=5.5, 5.5 Hz) can be assigned to the C-24 proton,
and a doublet at 4.89ppm (2H, J=15 Hz) to the terminal methylene protons of C-
27. A total of seven methyl singlets can be seen at 0.91ppm, 1.05ppm, 1.09ppm,
1.17ppm, the C-26 allylic methyl has been shifted downfield to 1.71ppm, and the
two acetyl methy! groups are shifted to 2.04ppm and 2.05ppm. The C-19
methyl is not seen, indicating that the cycloartane isomer is the major component.
The doublets at 0.94ppm (3H, J=6 Hz) can be assigned to the C-21 methyl protons
and at 0.6ppm (1H, J=4.5 Hz) and 0.8 ppm (1H, J=4.5 Hz) indicate a

cyclopropane ring bearing two non-equivalent hydrogen atoms.
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BC-Nuclear Magnetic Resonance Spectroscopy (CMR)

The CMR spectrum (Figure 3.3) shows three carbonyl peaks, one at 216.3
ppm due to the C-3 ketone, and at 170.6 and 170.4 ppm due to two acetyl group
carbonyls. Peaks at 143.2 ppm (C-25) and 112.7 ppm (CH,, C-26) indicate the
presence of a double bond with a terminal methylene. The C-9 and C-10
carbons of the cyclopropyl group, can be seen at 20.7 and 26.4 respectively. In
addition, two small peaks at approximately 133 ppm are consistent with the A®
bond of the lanost-8,9-ene isomer (14 and 15). The lack of a THF ring is
indicated by the absence of a signal at 85 ppm. A new CHO peak appears at
77.6 ppm.

Distortionless enhancement by polarization transfer (DEPT) (Figure 3.4)
analysis indicates 8 methyl groups (18, 18.1, 18.6, 19.9, 20.8, 21.1, 21.3, 22.2
ppm), 11 methylene carbons (21.4, 25.9, 26.4, 29.9, 30.7, 31.6, 32.4, 33.3, 37.4,
45.9, and 112.7 ppm), 6 methines (30.7, 47.9, 48.3, 54.9, 75.4, and 77.6ppm), 6
quaternary carbons (20.8, 26.1, 45.7, 47, 50.2, and 143.2 ppm), two acetyl
carbonyls at 170.4 and 170.6 ppm, and the C-3 ketone at 214.9 ppm.

Mass Spectroscopy (MS)

Chemical ionization mass spectrometry (CIMS) (Figure 3.5) shows the

[M+1]" peak at m/z 541. The peaks at m/z 481 and m/z 421 (the base peak)

correspond to the loss of one acetate group and two acetate groups respectively.
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The peak at m/z 311 is due to the loss of both acetates and the side chain. The
absence of the furan ring side chain (c¢) is confirmed by the lack of major peaks at

m/z 143 (d) (generally seen as the base peak for triterpenoids with this side chain)

and m/z 125 (e).
o} (o)
OH + OH
(c) (d) (®
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Figure 3.5. CIMS of compound 13.
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Identification of Compounds 16 and 17

Compounds 16 and 17 (SalA-2) were isolated by flash chromatography
and preparative TLC, from the ethyl acetate extracts of the microbial
biotransformation (Septomyxa affinis and Gibberella saubinetii) of argentatin A
acetate (18) /incanilin acetate (19) (refer to experimental section, pages 159-166).
The metabolites were identified by spectral analysis as a mixture of 20, 24-epoxy-
lanost-8-ene-3,25-diol-16-acetate (16) and 20,24-epoxy-cycloart-3,25-diol-16-
acetate (17). This mixture was isolated as a wflite powder that produced a single
purple spot by TLC (hexane:ethyl acetate 55:43, Ry 0.68) when sprayed with
oleum or cerium sulfate. GC analysis showed two peaks (61% and 39%)

indicating the presence of both the cycloartane and the lanost-8,9-ene isomers.

OR

(18) R=H (19) R=H
(20) R=Ac (21) R=Ac
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Infrared Spectroscopy (IR)

The IR spectrum of the mixture (Figure 3.6) displays acetyl bands at 1730
cm’! (carbonyl ) and 1240 cm™ (C-O stretching). The carbonyl band at
approximately 1700 cm™ (seen in the substrate, argentatin A acetate/incanilin
acetate, and attributed to the C-3 ketone) is gone. A strong, broad band,
characteristic of OH group absorption, is present at 3490 cfn". A weak band at
3020 cm "' indicates the presence of the cyclopropyl group. Bands at 1360 and

1370 cm™ are characteristic of geminal dimethyls.
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Figure 3.6 IR spectrum of 16 and 17.
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Proton Nuclear Magnetic Resonance Spectroscopy (PMR)

The shift values for this PMR (Figure 3.7) have been shifted downfield
0.03 ppm, to account for the TMS signal, which is seen at -0.03 on this spectrum.
The PMR shows two multiplets centered at 5.57 ppm (ddd, 1H, J=4.8, 6.0, 5.1
Hz) and 5.45 ppm (ddd, 1H, J=5.1, 6.3,4.8 Hz). These can be attributed to the
C-16 protons for each of the two isomers present. Another multiplet can be seen
centered at 3.67 ppm (ddd, 2H, J= 3.0, 2.4, 2.7 Hz) arising from the C-24 protons
of the two isomers. A new multiplet, not seen in the substrate (argentatin A
acetate (18) /incanilin acetate (19) ) PMR (Figure 3.8), is centered at
approximately 3.25 ppm (1H, J=3.5 Hz). This can be attributed to the C-3
proton resuiting from the reduction of the C-3 ketone to an a-hydroxyl group. A
total of 17 methyl signals can be seen (0.79, 0.80, 0.91, 0.94, 0.96, 0.98, 0.99,
1.06,1.12, 1.13, 1.21, 1.24, 1.28, 1.30, and 1.35 ppm) including a signal at 2.04
ppm (6H) accounting for the acetyl methyls of both isomers. Low intensity
doublets seen at 0.33 (1H, J= 5.5 Hz) and 0.58 ppm (J= 5.5 Hz) are characteristic

of two non-equivalent protons of a cyclopropane bridge.
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BC-Nuclear Magnetic Resonance Spectroscopy (CMR)

Comparison of the CMR (Figure 3.9) and the DEPT (Figure 3.11) data
show 17 methyls and 19 methylenes. The number and shift values for these
carbons compare favorably with those of the substrate (Figure 3.10). Published
13C shift values for argentatin A (5), argentatin A diacetate (20), incanilin (4),
and incanilin diacetate (21) (Table 3.1) were also used for comparison. Two
new methine hydroxy carbons can be seen at 78.6 and 78.8 ppm and the C-3
ketone peaks at 214.9 and 217.5 ppm are missing indicating that the ketone has
been reduced to a hydroxy group. However, only 11 of the expected 17
quaternary carbons can be seen. Those that are missing appear to correspond to
values for the cycloartane skeleton, and can be attributed to the low sample
concentration (35 mg), and the lower concentration of this isomer in the sample
(39%).

Mass Spectrometry (MS)

The CIMS spectrum (Figure 3.12) show the base peak at m/z 143 which,
along with the peak at m/z 125, is characteristic of the furan ring side chain (c).
The molecular ion peak is not present, instead [M-H]J" can be seen at m/z 515.
Other major peaks include m/z 499 [MH-H,0]*, m/z 481 [MH-2H,01", m/z 457
[MH-HOAc]", m/z 455 [M-H- HOAc]*, m/z 439 [MH-H,0-HOAc]", and m/z 421

[MH-2H,0-HOAc]".
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Table 3.1: *C chemical shifts (ppm) of argentatin A (5), argentatin A diacetate
(20), incanilin (4), and incanilin diacetate (21) (Komoroski et al., 1986).

Carbon H 5 20 H 4 21
multiplicity multiplicity
1 CH, 334 330 CH, 346° 346°
2 CH, 374 370 CH, 36.1°  36.1°
3 C=0 216.1 214.9 =0 2173 2175
4 C, 503 498 C, 475¢ 4744
5 CH 487 474 CH 51.6 51.4
6 CH, 215 211 CH, 19.5 19.4
7 CH, 260 25.8 CH, 26.2 26.4
8 CH 478 483 C=C 1351 1344
9 C, 209 207 C=C 1337 1340
10 C, 264 264 C, 37.2 37.1
11 CH, 267 26.6 CH, 209 209
12 CH, 334 321 CH, 319 30.7
13 Cq 46.6 46.5 C, 455 455
14 C, 467 46.8 C, 479¢ 4834
15 CH, 487 454 CH, 437 410
16 CH 734 748 CH 740 755
17 CH 56.1 573 CH 55.3 56.3
18 CH; 21.1 205" CH; 19.1 18.6
19 CH, 302 300 CH, 18.5 18.6
20 C, 872 850 Cq 87.1 85.3
21 CH; 256 224° CH; 264° 231
22 CH, 376 354 CH, 380  36.1
23 CH, 239 256 CH, 24.3 26.1
24 CH 84.7 815 CH 84.6 81.7
25 C, 709 822 C, 71.0 82.7
26 CH; 274 282 CH; 274 276
27 CHj 262 229 CH; 26.1 22.5
28 CH; 204 19.8 CH; 254 254
29 CH, 211 221% CH, 267° 264
30 CH; 209 199 CH; 214 216
Acetyl CH; 21.2,22.1° CH, 21.3,22.4
Acetyl CO, 169.6, CO, 170.4
169.8

" These assignments are uncertain. ° Unresolved. ° Assignments may be
reversed.! Assignments may be reversed. © Assignments may be reversed.
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Figure 3.12: CIMS of compounds 16 and 17.

Identification of Compound 22 and 23
Compounds 22 and 23 (SalA-1) were isolated by flash chromatography
and preparative TLC from the ethyl acetate extract of the microbial
transformation (Septomyxa affinis) of argentatin A acetate (18)/incanilin acetate
(19)(refer to experimental section, pages 161-165). The two compounds were
isolated as a mixture and found to contain a carboxylic acid group by IR

spectroscopy (Figure 3.13).
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Figure 3.13: IR of compounds 22 and 23.

The methylated products 20;24-epoxy-3,4-seco-lanost—8-ene-4,2S-diol-16-acetyl-
3-oic acid methyl ester (24) and 20,24-epoxy-3,4-seco-cycloart-4,25-diol-16-
acetyl-3-oic acid methyl ester (25) were identified, by spectral analysis, as the
product of oxidative ring fission in ring A of the two substrates, Spectral data
from similar compounds, 26 and 27 (Govindachari et al., 1994), 28 and 29
(Benosman et al., 1994) were used for comparison. The methylated compounds
were isolated as a white powder that produced a dark brown spot by TLC analysis
(hexane:ethyl acetate 35:65, R; 0.81). GC analysis showed the presence of both

the cycloartane and lanost-8,9-ene isomers (55% and 45%)).
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(22) R=H (23) R=H
(24) R=CH, (25) R=CH;

(26) 27

(28) R=H
(29) R=CH;,
Infrared Spectroscopy
The IR spectrum of 24 and 25 (Figure 3.14) shows a broad hydroxy band
at 3520 cm™. The broad carbonyl band at 1730 cm™ can be attributed to the

overlapping bands of both the acetyl and the methyl ester carbonyls, but the 3-
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keto band is gone. The acetyl band at 1240 cm! is also present, and the geminal

dimethyl bands at 1360 and 1370 cm™ can still be seen.

WAVELINGTH IN MICIONS
23 ] 11 141

'mmEEE&HE@@MMIIMEIE@HWIE&iE&ﬁ“E R CEE s e
ErLEns o e Ew"%@maggngﬂﬁ -
EeEa .ééﬂg P ) -%@zm EEEEEIE#

=5

mm "?E e == =

eI E =
,EE EﬁEEEEEQQQEEEEIEEEEEEEEE EE—E=E§§E§§§ o
4000 1400 1403 1400 1200 1000 800 400

W PIOPIIE WUTY (mer . Weeses WAVMMIII cm* POCRA vt i, ARTTION, € MPTRAY ¥ A Lo LITT

Figure 3.14: IR spectrum of compounds 24 and 25.
Proton Nuclear Magnetic Resonance Spectroscopy

The PMR spectrum (Figure 3.15) shows two multiplets centered at 5.59
ppm (ddd, 1H, J=6.9, 8.9, 6.8 Hz) and 5.46 ppm (ddd, 1H, J= 6.0, 5.9, 6.0 Hz)
representing the C-16 protons of each isomer. A total of 19 methyl groups can
be seen: 0.97 (6H), 1.08 (3H),1.12 (3H), 1.13 (3H), 1.19 (3H), 1.22 (6H), 1.23
(3H), 1.25 (3H), 1.27 (3H), 1.28 (3H), 1.29 (3H), 1.32 (3H), 1.36 ppm (3H). The
two acetyl methyls are shifted downfield to 2.04 and 2.05 ppm, and the methyl
ester methyls are seen at 3.65 and 3.66 ppm (obscuring the C-24 proton peaks).
The non-equivalent protons of the cyclopropyl bridge can be seen in the form of

two doublets centered at 0.56 ppm (1H, J= 5.5 Hz) and 0.70 ppm (1H, J= 5.5 Hz).
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A comparison of this PMR with that of the argentatin A acetate/ incanilin
acetate mixture, shows that in this spectrum there are 8 methyls in the range of
1.21-1.32 ppm, where one would expect to see isopropyl methyls (2 isopropyl
groups on each of two isomers). The argentatin A acetate/ incanilin acetate
mixture shows only 4 methyl peaks in this range (1.22, 1.26, 1.29, 1.31 ppm).
This is supportive of the proposed structure in which the A ring has been cleaved
producing an isopropyl function at C-4. The methyl ester and isopropyl proton 5

values compare fairly well with those reported for compound 27 (Table 3.2).

Table 3.2: PMR data from 26, 27, 28, and 29.

H 26 27 28 29

7 524brs 523 brs
18 085s,3H 0.88s,3H 0.84s,3H 0.83 s, 3H
19 0.89s,3H 1.03s,3H 0.84s,3H 0.83 s, 3H
21 1.12s,3H 1.12s,3H 0.88d,J=6Hz 0.87d, J=6Hz
24 365m,1H 3.65m,1H 6.00t,6 Hz 59t,J=6 Hz
26 1.15s,3H 1.16s,3H
27 1.19s,3H 120s,3H 1.90s,3H 1.88, s, 3H
28 466s,1H 1.01s,3H 4.80brs 4.83brs

4845, 1H 483 brs 479brs

29 1.73s,3H 1.26s,3H 1.78s,3H 1.77 s, 3H
30 101s,3H 130s,3H 099s, 3H 0.98 s, 3H

methyl ester 3.67s, 3H 3.66s
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BC Nuclear Magnetic Resonance Spectroscopy

Comparison of the '*C (Figure 3. 16) and DEPT (Figure 3.17) spectra
indicate that the 3-keto seen at 214 and 217 ppm in the substrate, is gone. In
addition, one of the quaternary carbons (i.e. two peaks, one for each isomer)
between 45-50 ppm is also missing, indicating that one of three possible
positions, C4, C-13 or C-14, has been altered. Two new methyl peaks at 51.5
and 51.7 ppm represent the methyls on the methyl ester group of each isomer.
Also seen are four new quaternary carbons at 75.4, 76.1, 175 and 176 ppm
representing the addition of a hydroxy group and of course the methyl ester
carbonyl. This suggests that ring A has been cleaved with the addition of a
hydroxyl group at C-4 and oxidation of C-3 to the carboxylic acid which was
subsequently methylated. Once again, these shift values compare well with
reported values for compound 27 (Table 3.3).
Mass Spectrometry

Assuming the postulated structure is correct, the CIMS (Figure 3.18) can
be explained in the following manner. The molecular ion peak expected at m/z
562 is not present, nor are the [MH]" and [M-HJ" peaks. The base peak at m/z
143 and the peak at m/z 125 are characteristic of the furan ring side chain. The
other major peaks are m/z 545 [MH-H,0]", 531 [MH-HOCH;]", 513 [MH-H,0-

HOCH;]", 485 [MH-H,0- CO-HOCH;] and [MH-H,0-HOAc]", 471 [MH-
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Table 3.3: '*C NMR data from 26, 27, 28, and 29.

C 26 27 28 29

1 25.7 224 26.8 26.9
2 31.3 313 315 31.8
3 179.1 175.5 180.4 174.7
4 147.4 75.6 147.4 147.4
5 41.08 42.2 40.7 40.7
6 222 214 282 282
7 34.6 345 117.8 117.8
8 399 399 146.3 146.3
9 50.6 49.5 49.4 49.3
10 389 41.0 36.7 36.7
11 24.5 25.7 18.1 18.4
12 26.3 26.2 33.6 33.6
13 42.8 42.8 43.3 43.4
14 50.3 50.2 514 514
15 33.8 28.7 34.1 34.1
16 28.2 26.9 28.1 28.1
17 49.6 515 52.7 52.9
18 16.2 16.1 15.9 15.9
19 15.2 15.2 22 22.1
20 86.5 86.3 36.1 36.1
21 23.1 24.0 18.1 18.2
22 342 347 355 35.7
23 26.8 273 30.1 30.2
24 86.2 86.1 146.8 144.6
25 70.4 70.1 125.9 126.5
26 276 27.7 173.4 174.7
27 27.0 27.0 20.5 20.7
28 113.3 339 113.8 113.8
29 239 339 22.3 22.4
30 20.1 204 274 27.5
COOMe 51.7 56.6
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HOAc-HOCH;]", 467 [MH-2H,0-CO- HOCH;]* and [MH-2H,0-HOAc]", 453
[MH-H,0-HOAc-HOCH;]", 435 [MH-2H,0-HOAc-HOCH;]". The m/z 591

peak represents an adduct [M+C,Hs 1"
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Figure 3.18: CIMS of compounds 24 and 25.

Identification of Compounds 30 and 31
Compounds 30 and 31 were isolated as a mixture by flash chromatography
and preparative TLC from the ethyl acetate extract of the Septomyxa affinis
transformation of the argentatin A acetate/incanilin acetate mixture. The
methylated products (SalA-6), compounds 32 and 33, were isolated from the
same methylation reaction from which compounds 24 and 25 were obtained
(experimental, pages 151-156).  Spectral analysis showed the major constituent

of the mixture, 20,24-epoxy-3,4-seco-lanost-1,8-diene-4,25-diol-16-acetyl-3-oic
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acid methyl ester (32), to be derived from the lanost-8,9-ene isomer and to be
almost identical to compound 25, but with an additional double bond in the 1,2-
position.

The Septomyxa affinis biotransformation experiment was repeated by
Galal Maatooq and Lisa LaGrandeur with a purer substrate (incanilin
acetate:argentatin A acetate, 80:20). A closely related metabolite 20,24-epoxy-
3,4-seco-lanost-1,4(28),8-triene-25-0l-16-acetyl-3-oic acid (34) was isolated.
Spectra from the methylated product (35), were helpful in determining the

structure of compound 32.

(30) R=H (31) R=H
(32) R=CH, (33) R=CH;

(34) R=H
(35) R=CH,
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Infrared Spectroscopy

The IR spectrum of compounds 32 and 33 (Figure 3.19) shows a broad
hydroxy band at 3500 cm !,  The acetyl carbonyl can be seen at 1735 cm™, but
like compound 26, the C-3 ketone at 1700 cm™ is gone.  The acetyl band at 1240
cm’ is also present, and the geminal dimethyl bands at 1360 and 1370 cm™ can

also be seen.

Figure 3.19: IR spectrum for compounds 32 and 33.

The IR spectrum for compound 35 (Figure 3.20), in addition to the above

1

mentioned bands, shows bands at 1635 cm™ and 885 cm’ indicating the

presence of a terminal methylene.
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Figure 3.20: IR spectrum for compound 35.

Proton Nuclear Magnetic Resonance Spectroscopy

The PMR spectrum of 32 and 33 (Figure 3.21) has been shifted downfield
with the TMS peak appearing at approximately 8 1.9.  Adjusting the shift values
to account for this, shows the C-16 proton at approximately 35.6 (1H, m), and two
broad singlets at 8 5.2 (1H) and 5.4 (1H) indicate a cis double bond. The C-24
proton can be seen at 63.7and the methyl ester is present as a singlet at 83.6.

The acetyl methyl is at 2.0 and eight additional methyls are seen at
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approximately §1.3 (3H), 1.27(3H), 1.24(6H), 1.22(3H), 1.1(3H), 1.0(3H), and
0.9(3H). Small peaks at 85.5, 0.6 and 0.7 appear to indicate the presence of the
cycloartane isomer (33) as a contaminant, and can be attributed to the C-16 and
C-19 protons of this isomer.

The PMR spectrum of compound 35 (Figure 3.22) shows a multiplet
centered at 5.605 ppm (ddd, 1H, J=5.7, 5.7, 5.4 Hz) representing the C-16 proton.
Broad singlets at 5.372 (1H), 5.299 (1H), appear to represent a double bond.

Out of two possible locations, A "2 or A '!?, the first location is biogenetically
more probable. HETCOR analysis would be helpful for verification, however,
the UV A at 241 nm supports the 1,2-position. The two protons of the C-28
terminal methylene function are represented by a broad singlet at 4.676 (1H), and
a doublet centered at 4.662 ppm (1H, J=1.2 Hz). Seven methyl groups can be
seen at 0.896 (3H), 0.978 (3H),1.014 (3H), 1.139 (3H), 1.238 (3H), 1.305 (3H),
and 1.663 (3H), ppm. The acetyl methyl is shifted downfield to 2.057 ppm, and
the methyl ester is seen at 3.632 ppm (partially obscuring the C-24 proton, ddd,
J=6.6, 6.6, ? Hz). The argentatin A acetate metabolite peaks are absent.

BC Nuclear Magnetic Resonance Spectroscopy

The CMR spectrum of 32 and 33 (Figure 3.23) has the acetyl carbonyi at
8171, but the methyl ester carbonyl is not seen (presumably due to the poor

quality of the spectrum). The A*® carbons are seen at 8140 and 5139. In
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addition, four peaks in the alkene range between & 117 and 122 presumably
indicate the new double bond seen in the PMR at 8 5.4 (br.s., 1H) and 8 5.2 (br.s.,
1H). It would appear that both the incanilin acetate and the argentatin A acetate
metabolites are represented here. The presence of at least seven to eight peaks
between & 70 and 90 also indicates both isomers are present.

In comparison, the spectra for compound 35 (CMR, Figure 3.24 and
DEPT, Figure 3.25) show both the C-3 methyl ester carbonyl (175.2 ppm) and the
acetyl carbonyl (171.4 ppm). Alkene carbon peaks include C-4 at 149.1 ppm
(Cq), C-8 and 9 at 140.9 (Cq) and 137.6 ppm (Cq), the A ' carbons are
represented by peaks at 120.1 (Cq) and 118.8 (Cq), and the C-28 terminal
methylene is seen at 112.5 ppm (CH,). Only four carbens are seen in the § 70-
90 range. Two quaternary carbons at 8 85.230 and 71.158 can be assigned to C-
20 and C-25, and CH peaks at 8 83.351 and 75.543 represent C-24 and C-16
respectively.  The methyl ester methyl peak is represented at § 52.032. The
remaining carbon peaks include: three quaternary carbons (5 48.725, 45.360,
39.140), two methines (5 56.577, 50.837), seven methylenes (5 41.369, 38.892,
37.698, 35.848, 29.744, 28.651, 26.292), and eight methyls (5 28.389, 28.311,

25.301, 25.039, 22.431, 22.358, 22.125, 20.203).
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Mass Spectrometry

The CIMS of compound 32 and 33 (Figure 3.26) is very similar to that of
compound 25, but with the peaks two m/z units lower. The peaks at m/z 589
and 571 can be attributed to [M+C,Hs]" and [M+C,Hs-H,O]" adducts. The
molecular ion peak at m/z 560 is not present, instead [M-H]" is seen at 559. The
base peak at m/z 143, and the m/z 125 peak, confirms the presence of the furan
ring side chain.  The other major peaks are m/z 543 [MH-H,07]", 529 [MH-
HOCH;]*, 501 [MH-HOCOCH;]" and [MH-HOCH;-CO]*, 483 [MH-H,0-
HOCOCH;]" and [MH-H,0-HOCH;-COJ", 465 [MH-(2)H,0-HOCOCH;]" and
[MH-(2)H,0-HOCH;-COJ", 451 [MH-H,0-HOCOCH;-HOCH;]*, 433 [MH-

(2)H,0-HOCOCH;-HOCH;]", and 423 [MH-H,0-HOCOCH;-HOCH;-CO]J".
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Figure 3.26: CIMS spectrum of compound 32 and 33.



147

Experimental

Materials

Refer to chapter 1, pages 29-33.

Methods
Microbial Transformation of Incanilin and Argentatin B

Seleciion of Microbes

Several fungi were selected based on literature reports of 12f3-
hydroxylation of steroidal compounds, these included: Calonectria decora,
ATCC 14767 (Bridgeman etal., 1969; Bell etal., 1972a; Bell et al., 1972b, Ashton
et al., 1974; Evans et al., 1975; and Jones et al., 1976); Coniothyrium hellebori,
ATCC 12522 (Raspe and Kieslich, 1961); Gibberella saubinetii, ATCC 20193
(Vezina et al., 1984; and Okada et al., 1960), and Rhizopus stolonifer (sometimes
called Rhizopus nigricans), ATCC 6227B (Jones et al, 1976). In addition,
several microbes that were available in the laboratory were also tried:
Aspergillus niger, Mucor circinelloides (ATCC 15242), Nocardia corallina var.
taoka (ATCC 31338), Rhodotorula glutinis (ATCC 15125), and Septomyxa affinis

(ATCC 6737).
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Screening experiments

Over a period of five months, 18 small-scale biotransformations were
performed using the nine microbes mentioned above, and the two substrates,
incanilin and argentatin B. Crude substrates were isolated by Ken Tomlinson,
from the resin extract of Parthenium argentatum x P. tomentosa AZ101 (as per
Dr. Dennis Ray, unpublished results). A two-stage fermentation method (Betts
et al, 1974) was followed:

Stage I culture.  Using aseptic technique, a one week old slant of each of
the nine microbes was wetted with 5 ml of soybean meal glucose medium (SMG),
the vegetable matter was scraped loose with a sterile loop, and each was poured
into a 250~ ml DeL.ong flask containing 50 ml of SMG, with the exceptions of
Calonectria decora, Coniothyrium hellebori, Rhodotorula glutinis, and Nocardia
corallina which were carried out in corn steep liquor medium (Holmlund et al.,
1962), V8 juice medium (Jong and Edwards, 1991), yeast malt broth, and
Nocardia medium (Rosazza, 1985) respectively. The flasks were covered with
stainless steel caps and placed on an orbital shaker (1.5” stroke) set at
approximately 220 r.p.m. and run at room temperature (23-28 C).

After three or four days, depending on the growth rate of the culture, stage
I1 cultures were inoculated. For each microbe, a 10% inoculum, obtained from
the stage I cultures, was added to each of five or six 250-ml DeLong flasks,

containing 50 mi of the appropriate medium (125-ml DeLong flasks with 25 ml of
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medium were used for the Nocardia carollina cultures).  After 24 to 48 hours,
25 mg (12.5 mg for N. carollina) of incanilin (dissolved in 100 pl ethyl
acetate:95% ethanol, 1:1, with 0.5% tween 20) was added to each of two, stage 11
cultures. Argentatin B was likewise added to two additional flasks, and the
remaining flask(s) received only th.e ethyl acetate:95% ethanol (1:1) mixture as a
control for comparison purposes.

Each day, starting one hour after the addition of substrate and continuing
for a total of 9-15 days, a 2-3 ml sample was removed by sterile pipet, from each
biotransformation and control, and placed into a 10-ml test tube. The samples
were partitioned with an equal volume of ethyl acetate, the organic layer was
removed by Pasture pipet, dried by rotary evaporation, and analyzed for the
presence of biotransformation products by thin layer chromatography (TLC).
Various mobile phases were used to develop the plates, including: hexane:ethyl
acetate (60:40 and 55:45), and dichloromethane:methanol (90:10 and 95:5). In
this way, the control cultures were compared to the biotransformation cultures
and substrates to determine if any metabolites had been produced form the
substrate.

Preparative Scale Biotransformations
Two preparative scale biotransformations were performed. Mucor

circinelloides and Rhizopus stolonifer were used to transform the substrate



150

incanilin. For each biotrasformation, stage I cultures were grown in two 1-L
DeLong flasks containing 200 ml of SMG medium each. After 3 days, stage Il
cultures were inoculated: 100 ml of stage I culture was added to each of 6
Fernbach flasks containing 1 L of SMG such that 3 stage II flasks of M.
circinelloides and 3 of R. stolonifer were produced.

After 24 hours, 500 mg of substrate (dissolved in 4 ml of ethyl
acetate:95% ethanol, 1:1, with 5% tween 20) was added to each flask. The
flasks were placed on an orbital shaker (2” stroke) at a relatively low speed (150
r.p.m.) in order to reduce excessive foaming. All biotransformations were
carried out at room temperature (23-25 C).

After 12 days each flask was poured into a 1-L centrifuge bottle and spun
at 4000 X G for 15 minutes. Each liquid layer was decanted off, and 1-L
portions were partitioned, two times, with an equal volume of ethyl acetate, in a
2-L separatory funnel. The cell mass was also extracted with an equal volume of
ethyl acetate, vacuum filtered, reextracted with acetone, and dried in a vacuum
oven. TLC’s of the organic extracts, controls and substrates, were developed in
DCM:methanol (95:5) to compare each of the extracts and determine the
presence or absence of biotransformation products. Based on these results the
ethyl acetate extracts of the aqueous layer and of the biomass were combined for

each biotransformation.
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Isolation of Products from the Mucor circinelloides/Incanilin Preparative
Scale Biotransformation (McInAc3)

MeclInc2 column 1

A 1.9 cm ID X 45 cm flash column was slurry packed in DCM with 25 g
of recovered silica gel 60, 63-200 um. The sample (the combined ethyl acetate
extracts from McInc2, 0.72 g) was adsorbed onto 1.5 g of recovered silica gel,
placed on top of the column bed (void volume approxirhately 42 ml), and capped
with approximately 10 g of silica gel. The column was eluted with: 150 ml
DCM, DCM:methanol (150 ml 98:2, 200 ml 95:5, 200 ml 90:10, 100 mi 85:15),
followed by 100 ml methanol. A total of 52 fractions (15 to 30 ml each) were
collected. Based on TLC results (DCM:methanol 95:5) like fractions were
combined to yield S fractions (A-E).
Melnc2 column 2

A small flash column (1.9 cm ID x 45 cm) was packed with 26 g of
recovered silica gel 60, 40 pm. The sample, fraction D from McInc2 column 1
(259 mg), was adsorbed onto 0.5 g of recovered silica gel and placed on top of the
column bed (void volume approximately 44 ml). A silica gel cap was placed on
top of the sample plug and the column was eluted with DCM:methanol (50 ml
99:1, 50 ml 98:2, 50 ml 97:3, 100 ml 95:5, 100 ml 93:7, 100 ml 90:10, 50 ml

85:15), and 50 ml methanol. A total of 116 fractions (5 to 25 ml) were
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collected, evaporated dry under the fume hood, and based on TLC results
(DCM:methanol, 93:7), like fractions were combined to yield 9 fractions (A-I).
Separation of Products by Several TLC Systems

Meclinc2 column 1 fractions C and E, were run in several different TLC
systems to see if improved resolution of the various components could be
achieved. Normal phase plates were developed in three different solvent
systems: DCM:methanol (90:10), hexane:isopropanol (70:30), and DCM:
methanol:water (112:88:1). Reverse phase plates were developed with the
mobile phase, acetonitrile: 0.5 M NaCl(aq.)(40:60).
Meclnc2 column 3

Based on results from the above mentioned TLC systems, fraction C,
Mclnc2 column 1 (125 mg), was dissolved in 2 ml of water:acetonitrile (1:1) and
filtered through a 0.2 um filter cartridge. A 0.5 ml portion was run on the
Chemco low-prep system (refer to pages 30-31) with a small column (13 x 18 x
300 mm), which was packed with 8.5 g of 40 pm octadecyl adsorbent (J.T.
Baker). The column was eluted with 120 ml of water:acetonitrile (60:40). In
total, 20 fractions (5-10 ml) were collected.
MeclInc2 column 4

The column above was left in acetonitrile and reused for Mclnc2 column

1 fraction E (77 mg). The column was equilibrated with a series of water:
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acetonitrile eluents with increasing water concentration, up to 75:25
water:acetonitrile, until a steady baseline was achieved. The sample was .
dissolved in 0.5 ml of the eluent, water:acetonitrile (75:25), filtered, and injected
onto the column. In total, 15 fractions (5 ml each) were collected, followed by a
15 ml fraction and a 30 ml acetonitrile wash.
Acetylation of RsInc2 and RsCon2

The Rhizopus stolonifer/incanilin biotransformation and control were
acetylated to see if the resolution of the mixture components could be enhanced.
The two samples, RsInc2 (100 mg) and RsCon2 (45 mg), were each placed into
separate 100-ml boiling flasks. To each flask was added, 0.5 ml of pyridine and
1.0 ml of acetic anhydride. The flasks were covered with foil, swirled
periodically, and left in the hood overnight. The reactions were analyzed, in
situ, by TLC (hexane:ethyl acetate, 55:45).

Microbial Transformation of Incanilin Acetate

Acetylation of Incanilin and Argentatin B

Samples of incanilin and argentatin B (50 mg each) were placed into
separated 10-ml pear shaped boiling flasks. To each flask, 0.5 ml of pyridine,
and 1.0 ml of acetic anhydride was added. The flasks were covered with foil
and swirled periodically.  After 48 hours, the reactions were shown, by TLC, to
be complete. The mixtures were transferred to 100-ml boiling flasks, flooded

with approximately 50 ml of toluene. and dried by rotary evaporation, this was



154

repeated two more times. They were then left in a desiccator overnight, and 1-4
mg samples were prepared for analysis by gas chromatography (GC).
Incanilin acetylation 2 (InAc2)

In order to obtain enough incanilin acetate for a screening experiment, a
2.0 g sample of incanilin was placed into a 200-ml round bottom flask. Pyridine
(4 ml) and acetic anhydride (8 ml) were added to the flask. The mixture was
heated slightly to dissolve, covered with foil and left under the hood for 4 days,
until TLC analysis (hexane:ethyl acetate, 55:45) indicated the reaction was
complete. Approximately 100 ml of toluene was added, and the mixture was
dried by rotary evaporation. This process was repeated 2 more times.
Isolation of Incanilin Acetate, Column 1

A 2.5 x 45 cm flash column was packed with 150 g of recovered 40 um
silica gel 60. The acetylated incanilin mixture from above (2.3 g) was adsorbed
onto 4.6 g of recovered silica gel and placed on top of the column bed (void
volume approximately 250 ml). The column was eluted with 1.2 L of
hexane:ethyl acetate (70:30) followed by a 200 ml methanol wash. A total of 28
fractions (25 to 75 ml) were collected, and like fractions were combined based on
TLC analysis (hexane:ethyl acetate, 70:30) to yield 10 fractions (A-J).

Fraction G (1.3 g) was shown by TLC to contain one major compound.

GC indicated the presence of two components, 77.4% and 22.6% area
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respectively. In an attempt to resolve the 2 compounds TLC’s were run in 5
different systems: normal phase, hexane:IPA (90:10), hexane:acetone (80:10),
hexane:ethyl acetate (80:20); and reverse phase, 100% methanol, 100% THF, and
100% acetonitrile. In addition, crystallization from several solvents (such as:
hexane, DCM, methanol, and 95% ethanol), was attempted.

Fraction C (87 mg) was run on a prep plate in hexane:ethyl acetate
(85:15).  After air drying, a glass sheet was placed over the prep plate, leaving
only the edge exposed. The edge was sprayer with cerium sulfate and heated
with a heat gun. Three major bands were removed by razor blade and extracted
in methanol (50 ml each) with stirring. Each band was filtered through a
sintered glass funnel, and dried by rotary evaporation to recover the compound.
GC analysis indicated that the major band contained 2 components
(approximately 77% and 23% area). Based on these results, a sample of fraction
G (labeled IA-11), and the major prep plate band from fraction C (IA-5) chemical
ionization-mass spectrometry (CIMS), proton NMR, C13 NMR, and DEPT NMR
analysis.

Screening Experiment

A total of six small-scale biotransformations of incanilin acetate were
carried out. The microbes used were: Calonectria decora, Coniothyrium
hellebori, Gibberella saubinetii, Mucor circinelloides, Rhizopus stolonifer, and

Septomyxa affinis. The cultures were grown in 125-ml DeLong flasks
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containing 25 ml of SMG medium, except for C. decora and C. hellebori, which
were grown in corn steep liquor and V8 juice media respectively. For each
microbe, 4 biotransformation flasks and 1 control flask were prepared. To each
biotransformation flask, 10 mg of incanilin acetate (dissolved in 200 ul of ethyl
acetate) was added, and 200 pl of ethyl acetate was added to each control. The
flasks were placed on an orbital shaker (1.5” stroke) at 200 r.p.m. and run at 26 C.
Tﬁe flasks were sampled daily (as before) for ten days. Unlike the
previous screening experiments (in which the cultures were discarded after the
sampling period), at the end of the sampling period, the contents of the four
biotransformation flasks for each microbe were combined, vacuum filtered and
partitioned (2 times) in 500-ml separatory funnels with an equal volume of ethyl
acetate. The controls were likewise vacuum filtered, and partitioned with ethyl
acetate ( 250-ml separatory funnels). The two organic layers for each
biotransformation formation and for each control, were combined and dried by
rotary evaporation. The biomass were also extracted with ethyl acetate, vacuum
filtered and the extract was dried by rotary evaporation. The extracts were
compared via TLC analysis (hexane:ethyl acetate, 55:45), for the presence of

metabolites.
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Crystallization of incanilin from a crude mixture

A sample of the crude incanilin mixture (15 g) was extracted two times
with hexane and the residue was recrystallized from methanol. A total of 4 g of
cubic crystals were obtained. A second crystallization was performed on
approximately 40 g of crude incanilin. The mixture was extracted with hexane,
and dissolved in methanol in a 600-ml beaker. The volume was reduced by
heating on low heat in a fume hood, after which the mixture was covered with foil
and placed in a refrigerator.  After 2 days, the crystals formed were recovered by
vacuum filtration. The mother liquor was again placed into the refrigerator and
after several days a second crop of crystals was recovered. The crystals obtained
from both crystallization attempts were identical by TLC and were combined for
atotal of 176 g.

Incanilin Acetylation 3 (InAc3)

The crystals obtained above were dissolved in 105 ml of acetic anhydride:
pyridine (2:1), covered with foil and left overnight. Large cubic crystals were
found to have formed in the morning so 35 ml each of pyridine and acetic
anhydride were added to redissolve the incanilin. The reaction was monitored
by TLC (hexane:ethyl acetate, 70:30), and after one week was seen to be
complete. The reaction mixture was taken-up in 1 L of ethyl acetate, transferred
to a 2-L separatory funnel, and partitioned 2 times with 10% aqueous HCI to

remove the pyridine. The mixture was then washed with distilled water until
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neutral, dried with anhydrous sodium sulfate, and stripped dry by rotary
evaporation.
Isolation of Incanilin Acetate

A flash column (9 cm ID x 64 cm) was slurry packed with 1200 g of silica
gel 60 (40 um) in hexane. The acetylated material (19.07 g) was adsorbed onto
60 g of recovered silica gel and placed onto the column bed (void volume
approximately 2000 ml). The column was eluted with hexane:ethyl acetate (4 L
of 70:30, 1 L 60:40, 1 L 1:1) and was washed with 2 L methanol. Inall, 38
fractions (200-300 ml each) were collected. Like fractions were combined,
based on TLC analysis (hexane:ethyl acetate, 70:30), to yield 9 fractions (A-I).
Those fractions shown by TLC to contain incanilin acetate (via comparison to a
known sample) were combined for a total of 15 g of material (fraction G).
Preparative Scale Biotransformations of Incanilin Acetate

Two preparative scale biotransformations of incanilin acetate were
performed. The two fungi were selected based on the results from the screening
experiment described previously. The first biotransformation (SalnAc2) was
performed using the fungus Sepromyxa affinis. A total of 4 g of incanilin acetate
dissolved in 5 ml 95% ethanol, was added to 8 L of stage I1 S. affinis culture.

The culture was grown in soybean meal glucose (SMG) medium, and was divided
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between 6 Fernbach flasks (1 L medium each ) and 5, 2-L. DeLong flasks (400 m]
each).

After 10 days the entire biotransformation, divided into 8 portions (1 L
each), was partitioned in four 2-L separatory funnels with an equal volume of
ethyl acetate; the aqueous layer was vacuum filtered and partitioned again with
ethyl acetate. The cell mass was extracted with approximately 1.2 L of ethyl
acetate, vacuum filtered and extracted with 1.2 L of acetone. The extracts were
evaporated to dryness in vacuo and analyzed by TLC (hexane:ethyl acetate, 55:45,
and DCM:methanol, 90:10) for the presence of biotransformation products. The
aqueous layers and cell mass were freeze-dried.

For the second biotransformation (GsInAc2) incanilin acetate (5 g)
dissolved in 3.5 ml ethyl acetate, was added to 10 L of Gibberella saubinetii stage
Il culture. The culture was grown in SMG, and divided between 6 Fernbach
flasks and ten 2-L DeLong flasks. After 10 days the culture was vacuum filtered
and the filtrate (9 L) was divided into 1-L portions and partitioned with 1 L of
ethyl acetate followed by 1 L of ethyl acetate:methanol (9:1) in five 2-L

separratory funnels. The biomass was extracted 2 times with approximately
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1.2 L of ethyl acetate:methanol (9:1), followed by 2 extractions with acetone.
All organic extracts were dried by rotary evaporation. All aqueous layers and
cell mass were freeze dried and, subsequently, extracted with acetone to see if any
substrate or metabolites remained. The extracts were analyzed by TLC (hexane:
ethyl acetate, 55:45) for the presence of metabolites.
Isolation of Biotransformation Products
SalnAc2 column 1

A 4.2 1D x 55 cm flash column was slurry packed with 300 g of 40 um
recovered silica gel 60, in hexane (void volume approximately 500 ml). The
sample (5.4 g) the combined ethyl acetate extracts from SalnAc2, was taken-up in
DCM:methanol (1:1), and adsorbed on to 15 g of 40 um recovered silica gel 60.
The sample plug was placed on top of the silica gel bed and covered with a cap of
silica gel 60. The column was eluted with hexane:ethyl acetate (1 L 85:15,1L
70:30, 1 L 60:40, 500 ml 40:60), 500 ml ethyl acetate, 500 ml ethyl acetate:
methanol (1:1), and washed with 500 ml methanol. In all, 42 fractions (50 to
200 ml) were collected. Like fractions were combined, based on TLC results,
(hexane:ethyl acetate, 55:45), to yield 9 fraction (A-I).
SalnAc2 column 2

A 2.5 cm ID x 55 cm flash column was slurry packed with 150 g of 40 um

recovered silica gel 60, in DCM (void volume 250 ml). The sample (SalnAc2
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column 1 fraction G, 1.67 g) was dissolved in DCM:methanol (1:1) and adsorbed
onto 4.5 g of silica gel 60. The sample plug was place on top of the silica gel
bed and covered with a cap of silica gel. The column was eluted with 200 ml
DCM, 1 L DCM:methanol:formic acid (80:20:0.5), and washed with 250 ml
methanol. A total of 19 fractions (50 to 150 ml) were collected and like
fractions were combined based on TLC results (DCM:methanol formic acid,
80:20:0.5), to yield 5 fractions (A-E).
SalnAc2 column 3

A small flash column (1.9 cm ID x 45 cm ) was slurry packed with 70 g of
40 pum, recovered silica gel 60 in hexane (void volume approximately 117 ml).
The sample, (0.69 g), Saln Ac2 column 1 fraction F, was adsorbed onto 1.4 g of
40 um recovered silica gel 60, placed on top of the silica bed and capped with 6.5
gofsilica gel. The column was eluted with hexane:ethyl acetate (500 ml 70:30
followed by 200 ml 60:40) and washed with 150 ml methanol. A total of 33
fractions (25 ml each) and the methanol wash, were collected and like fractions
were combined based on TLC results (hexane:ethyl acetate, 55:45) to yield 6
fractions (A-F).
SalnAc2 preparative plates 1 and 2

The sample (380 mg), SalnAc2 column 2 fraction B, was dissolved in

ethyl acetate (approximately 5-10 ml), applied by Pasteur pipet to 3 preparative
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plates, and developed once in DCM:methanol:formic acid (80:20:2). Three
bands were visualized with cerium sulfate and removed via razor blade. The
bands were extracted, with stirring, in 50 ml methanol each and vacuum filtered
through sintered glass funnels. The extracts were dried by rotary evaporation
and analyzed by TLC (DCM:methanol:formic acid, 80:20:2).

The middle band (188 mg) from above, was dissolved in ethyl acetate,
divided between 3 preparative plates, developed once in DCM:methanol:formic
acid (80:20:0.5), and a second time in DCM:methanol:formic acid (80:20:1.5).
The 3 bands were observed under UV (254 nm) and removed with a razor blade,
each was extracted as above and analyzed by TLC. The middle band (labeled
SalA-1, 60 mg) was sent in for spectral analysis,

SalnAc2 preparative plate 3

The sample (146 mg), Saln Ac2 column 3 fraction B, was dissolved in
approximately 5 ml of ethyl acetate and adsorbed on to 3 prep plates. The plates
were developed in hexane:ethyl acetate (55:45). Four distinct bands (labeled 1
through 4, with 1 being closest to the origin) were visualized with cerium sulfate
and heat and removed via razor blade. Each band was extracted, with stirring, in
methanol (50 ml), vacuum filtered, and evaporated dry in tared 150-ml beakers
under the fume hood. The 4 bands were analyzed by TLC (hexane:ethyl acetate,
55:45), and a 36 mg portion of band 3 (labeled SalA-2, 70 mg) was sent for NMR

analysis.
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Methylation SaIlnAc2 column 2 fraction C

A 74 mg sample of SalnAc2 column 2 fraction C, was placed into a 25-ml
double-necked boiling flask, along with 75 mg of anhydrous K,CO;, 1.5 ml of
anhydrous acetone, and 150 ul of iodomethane. The flask was attached to a
condenser and the second neck was stoppered. The reaction was gently refluxed
on a heating mantle for 3.5 hours, when the reaction was shown by TLC
(hexane:ethyl acetate, 55:45) to be complete.

The liquid was transferred by Pasteur pipet to a tared 25-ml pear-shaped
flask and was dried by rotary evaporation. The residue was dissolved in ethyl
acetate (1 ml) and washed 4 times with an equal volume of distilled water. The
ethyl acetate layer was dried by rotary evaporation to yield 68 mg of material.
SalnAc2-methylation preparative plates 1 and 2

The sample (68 mg), the methylated material from SalnAc2 column 2
fraction C, was dissolved in ethyl acetate (3 to 5 ml) and adsorbed onto a.prep
plate. The plate was developed in hexane:ethyl acetate (30:70). Five bands
were visualized with cerium sulfate and removed by razor blade.  All five bands
were extracted, with stirring, in methanol (50 ml each), vacuum filtered,

transferred to 150-ml tared beakers, and evaporated dry under the fume hood.

Bands 3 (30 mg) and 4 (38 mg) from the previous prep plate, were shown

by TLC analysis (hexane:ethyl acetate, 35:65) to be mixtures containing the major
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constituent from the methylation of SalnAc2 column 2 fraction C. Each band
was dissolved in ethyl acetate (3-5 ml) and adsorbed onto a prep plate. The
plates were developed in hexane:ethyl acetate (40:60). Five bands were
removed from each plate, extracted with methanol (50 ml), vacuum filtered, and
evaporated dry in tared 150-ml beakers. Like bands were combined based on
TLC analysis (hexane:ethyl acetate, 35:65) to yield six bands(1-6). Band 1
(SalA-6) 23 mg, and band 3 (SalA-1Me) 42 mg, were dissolved in chloroform-d
and sent for NMR analysis.
GsInAc2 column 1

A 4.2 x 55 cm flash column was slurry packed with 500 g of 40 um,
recovered silica gel 60, in hexane (void volume approximately 835 ml). The
sample consisted of the combined ethyl acetate and ethyl acetate:methanol (9:1)
extracts from GsInAc2 (5.06 g), was adsorbed onto 15 g of 40 um recovered silica
gel 60, placed on top of the column bed, covered with a silica gel cap, and eluted
with hexane:ethyl acetate (3 L 70:30, 1 L 1:1), and washed with 600 ml methanol.
In all, 33 fractions (100 to 300 ml each) were collected. As always, like
fractions were combined based on TLC results (hexane:ethyl acetate, 55:45), to

yield of 7 fractions (A-G).
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GsInAc2 prep plate 1

GsInAc2 column 1 fraction D (0.174 mg) was dissolved in ethyl acetate
(10 ml) and adsorbed onto 4 prep plates. The plates were developed two times
in hexane:ethyl acetate (55:45). Each plate was covered with a glass sheet,
leaving only the edge exposed. The edge was then sprayed with cerium sulfate
and heated with a heat gun, visualizing 6 bands on each plate. Each band was
removed by razor blade, extracted with methanol (50 ml), filtered through a
sintered glass funnel, and dried in vacuo. The fourth band from the bottom
(GslA-2, 20 mg) appeared similar in Rf and color reaction to SalA-2. The two

products were compared by TLC, by GC analysis, and by IR spectroscopy.
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Summary and Conclusions
Microbial Transformation of Incanilin and Argentatin B

During the course of this investigation 18 screening experiments were
performed on crude samples of the substrates incanilin and argentatin B isolated
from guayule resin. Two preparative scale biotransformations were performed
on incanilin with the fungi Mucor circinelloides and Rhizopus stolonifer.
Multiple normal phase and reverse phase columns were run in order to isolate the
products of these biotransformations with little success.
Acetylation of Incanilin

It was assumed that closely related compounds in the substrates were
resulting in additional metabolites contaminating the product mixtures and
making it difficult to isolate the desired products. Because of this, the crude
incanilin was acetylated and isolated by flash chromatography. NMR analysis
revealed the major product to be a mixture of two isomers, incanilin acetate and
argentatin A acetate. In addition, a new, previously unreported triterpenoid,
cycloart-25-ene-3-one-16,24-diol, was isolated and identified by spectral analysis
as the acetylated compound, cycloart-25-ene-3-one-24-o0l-16-acetate.
Biotransformations of Argentatin A Acetate/Incanilin Acetate

Based on the results of six small-scale biotransformations, two preparative

biotransformations of the incanilin acetate/argentatin A acetate mixture were



167

performed, Gibberella saubinetii and Septomyxa affinis. A total of three
metabolites (two isomers each) were isolated from the two biotransformations.
The 3-hydroxy metabolites, 20,24-epoxy-lanost-8-ene-3,25-diol-16-acetate and
20,24-epoxy-cycloart-3,25-diol-16-acetate, were isolated from both the S. affinis
(70 mg) and the G. saubinetii (20 mg) transformations. This is consistent with
literature reports for microbial transformations of steroids by G. saubinetii, in
which 63, 128, and 158 hydroxylation, cleavage of 16-acetate, reduction of C-11
ketones to 11a-hydroxys and reduction of C-3 ketones to 3a-hydroxys have been
reported.

Three metabolites were isolated from the S. affinis transformation. In
addition to the 3-hydroxy product, two metabolites that resulted from oxidative
ring cleavage of ring A were identified. The first metabolite, 20,24-epoxy-3,4-
seco-lanost-8-ene-4,25-diol-16-acetyl-3-oic acid (22), and its isomer, 20,24~
epoxy-3,4-seco-cycloart-4,25-diol-16-acetyl-3-oic acid (23), were identified as the
products of scission of the 3,4 bond with the addition of two hydroxy groups
across the bond, resulting in a carboxylic acid at C-3 and an isopropyl function at
C-4. The second metabolite, compound 30 (and its isomer 31), consists of the
ring fission product with reduction of an addition bond producing a cis double
bond. The position of this double bond has been assigned to the 1,2-position for

biogenetic reasons and based on the UV A, of the methylated product of a third,
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closely related metabolite (34). This metabolite (34) was isolated by Galal
Maatooq and Lisa LeGrandeur who repeated the S. affinis biotransformation.

S. affinis has been reported to catalyze 1-dehydrogenation of 3-keto-A’-
steroidal compounds and to degrade the side chain of compounds such as
progesterone and deoxycorticosterone via oxidation of the 17-hydroxyl group,
often followed by expansion of ring D, generating a six membered lactone ring.

Examples of microbial ring cleavage of terpenoid substrates have been
reported for a number of monoterpene compounds.  In addition, B-ring scission
has been reported for the steroid ring system. Microbial transformation of o~
pinene and B-pinene, by Pseudomonas PL-strain, leads to one of the main
degradation products (-)-3-isopropylheptanedioic acid (Kieslich,1976). One of
several degradation pathways of limonene (in fact the main pathway)
(Krasnobajew, 1984) goes by way of perillyl alcohol, and produces isopropenyl-
pimelic acid. Transformation of p-cymene by Pseudomonas PL-strain (Kieslich,
1976) to 4-methyl-2-oxo-pentanoic acid has also been shown. Degradation of
the steroid nucleus has been reported via B-ring cleavage of 3-keto-A!**-steroids,
by way of 9a-hydroxylation, followed by a reverse aldol reaction. The resulting
9a-hydroxy A'“-3-keto steroid is unstable and decomposes to a 9,10-secophenol

product.
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123-Hydroxylation

Unfortunately, the desired 12-hydroxy metabolite was not identified
from any of the biotransformations. It is possible that another microbe may be
capable of performing this biotransformation, such that additional screening
experiments would be beneficial. It is also possible that the cyclopropyl group,
or A*® bond and the 3-keto group are hindering this reaction from occurring. For
instance, 12f3-hydroxylation by C. decora has been reported to be infrequent with
3-keto-A*-steroidal substrates (Charney and Herzog, 1967). Reduction of the 3-
keto group and/or hydrogenation of the A *° bond may enhance 12p-
hydroxylation.

In any event the search for coproducts from guayule continues and
guayule triterpenoids are still one of the more promising classes of compounds for

the development of a high value coproduct.
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Appendix

Glossary of Terms for Plant Tissue Culture

Auxin - a class of phytohormones that promote cell enlargement, and callus
growth or root formation (depending on concentration).

B35 - Gamborg’s B5 growth medium, the BS vitamin formulation is often used
with other media formulations.

BRF - Bioresources Research Facility, University of Arizona, Tucson, Arizona.

Callus - A disorganized mass of actively dividing cells.

CCM - Castela callus medium.

DTT - 1,4-Dithiothreitol, a reducing agent.

Cytokinin - a class of phytohormones that promote cell division, and callus
growth or shoot formation (depending on concentration).

Explant - excised piece of plant tissue used to start a tissue culture.

HPLC - High performance liquid chromatography.

IAA - Indole-3-acetic acid, a naturally occurring auxin.

IBA - Indole-3-buteric acid, an auxin.

Kinetin - N®-furfuryladenine, a synthetic cytokinnin.

MMS - Modified Murashige and Skoog’s plant tissue culture medium.

MS - Murashige and Skoog’s plant tissue culture medium.
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NAA - a-Naphthaleneacetic acid, a synthetic auxin.

Phytagel - Gellan gum, a solidifying agent for plant tissue culture media.

Phytohormones - Plant growth regulating compounds.

PVP - Polyvinylpyrrolidone, absorbs phenolics and reduces enzymatic browning.

6BA4 - 6-benzylaminopurine, a synthetic cytokinin.

Suspension culture - actively growing plant cells and cell aggregates, grown in a
liquid medium and aerated on a shaker.

2,4-D - 2,4-Dichlorophenoxyacetic acid, a synthetic auxin.

2ip - 6-y-y-dimethylallylaminopurine, a synthetic cytokinin.

White's medium - A low salt medium designed for root cultures.

WPM - McCown’s woody plant medium.

Zeatin - a naturally occurring cytokinin.
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