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100, and this “mixture” had a radically different retention time versus the cold carrier.
The latter explanation seems less likely because the gorgosterol also contained trace
amounts of Triton X-100 (albeit visibly lower amounts—the Triton X-100 had a low R
value and thus did not show large-scale migration to the steroid band) yet its retention

time was identical to those injections lacking Triton X-100.

5.9 Discussion

The need for enzyme isolation in P. americana cannot be understated. Despite
the initial inability to formulate and optimize a highly reproducible incubation system and
enzyme analysis (especially with exogenous radiolabeled steroids), there were some
positive signs that suggested that later on, enzymes were active and secosteroid was
produced. Specifically in later-stage experiments, secosteroids unquestionably were
synthesized—and thus an enzyme assay protocol was developed.

It only seems prudent to repeat several enzyme fractionation experiments with
this new assay, in an effort to, at the very least, partially isolate the enzymes desired. The
potential of secogorgosterol, and possibly its “relatives” (i.e.,, secocholesterol,
secoprogesterone, etc.), as anti-inflammatory and anti-cancer agents bestow on these
compounds considerable medicinal and therapeutic importance. It becomes a worthy
(and medically important) goal to continue the research on these steroid derivatives until
a large-scale biosynthetic method can be developed, one which produces the required
amounts needed for clinical trials, thus uncovering the full potential of these marine

natural products.
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Chapter 6

Confirmation of the Intermediacy of 9,11-dihydroxygorgosterol
6.0 Introduction
Another goal of the research project was to confirm potential key intermediates in
the biosynthetic pathway from the precursor steroid to the seco derivative. Incubations
were done with radiolabeled gorgosterol in the belief that radiolabeled intermediates
would be generated and later isolated and purified, confirming their role in the

biosynthetic route. One such key intermediate studied was the 9,11 dihydroxygorgosterol

(10).

6.1 Experimental results

Compound 10, a new steroid, was first isolated and characterized from P.
americana by Dr. S. Naz using standard chromatographic and spectroscopic techniques.
Its retention time on a reverse-phase HPLC column utilizing a mobile phase of 100%
methanol was approximately 15 minutes, about 2.5 minutes after the secogorgosterol
(Figure 5.6, peak labeled “6”). Its structure was confirmed by 'H- and ?C-NMR (Figure
6.1).

The secogorgosterol and 10 produced during the incubation were individually
injected on reverse-phase HPLC, and the corresponding peaks were collected by their

characteristic retention times (Figures 6.2 and 6.3, respectively) and counted. The
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confirmation of each peak’s identity was further demonstrated by analytical TLC (Figure
6.4). In addition, fractions before and after the secosteroid and diol peaks were collected

as well, to illustrate radiochemical purity. The results of the scintillation counts are seen

in Figures 6.5 and 6.5.
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Figure 6.1. "H-NMR spectra of 9,11-dihydroxygorgosterol.
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Figure 6.2. HPLC trace of secogorgosterol fraction (peak “A”).

B TR T O S T
! : T
| ! -
T
- | O RO S VS SN S O N
| =SS EEEEFES
= .ll._.--_.‘_..‘_-_._. o
2 || o e ol B i
{
- = ==
' ]
3 i
H 1
a : — =
T T o
) (68 - PO [ S . .. -
e s sy | o gt 6l s st Sl s o
._4 BN I - }_- o bl —t
¥ ' 0
- — A=z
|
i 4
AY

53



Figure 6.4. TLC of peaks “A” and “B” from Figures 6.2 and 6.3.
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Graph 6.1. Scintillation counts of HPLC run of secogorgosterol fraction
(secogorgosterol collected in fraction 2).
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Graph 6.2. Scintillation counts of HPLC run of 9,11-dihydroxygorgosterol
fraction (product collected in fraction 3).
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The data indicates that the 9,11-dihydroxygorgosterol is a key intermediate in the
biosynthesis of secogorgosterol because it is significantly radioactive, demonstrating its
origin from radiolabeled gorgosterol. It had been proposed as a possible intermediate
(compound 10 in Scheme 2.1), and now there is evidence that it is indeed produced from

gorgosterol, to most likely be converted into the seco derivative.

6.2 Discussion

The discovery and confirmation of a key intermediate in the secosteroid
biosynthetic pathway is crucial in helping to understand both the number and the identity
of intermediate steps involved. Confirming and understanding the precise pathway will
be a great asset in the effort to biosynthesize these secosteroids, by offering additional

clues to both what type and how many enzymes are involved.
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Chapter 7

Materials and Methods

7.0 General instrumentation and materials

Cell-free extracts were prepared using a Waring commercial blender and
Fisherbrand Glass Microanalysis Filter Holder Assembly, and stored in a Revco —80°C
ultrafreezer. Thin-layer chromatography was done using Whatman aluminum-backed
250 um silica plates (analytical), and Fisherbrand Redi/Plate Silica Gel GF (250 pum)
(preparatory), and samples were heated in a Blue M Single Wall gravity oven.
Centrifugation was accomplished using a Sorvall RC SC Plus, and ultracentrifugation
done with an Eppendorf Centrifuge 5415 C. For gel electrophoresis, the Bio-Rad Mini-
PROTEAN II Cell assembly was used; staining by Bio-Rad Silver Stain Plus. Size-
exclusion column chromatography was done with the Bio-Rad Econo system pump,
detector and model 2110 fraction collector; Sephadex of various exclusion sizes was
housed in Kontes glass columns. The Brinkman Rotavapor (RE 111) was used for
evaporation of large solvent volumes, and the Savant Speed Vac Plus (SC 110A) with a
Refrigerated Vapor Trap (RTV 100) was utilized for smaller volumes. High-pressure
liquid chromatography (HPLC) was accomplished using a Waters pump with Perkin
Elmer LC-30 RI detector, and a Beckman 25 cm reverse phase column. A Mettler AE
200 precision balance was used to determine weights, a Fisher Scientific Accumet Basic

pH meter used for pH determinations, a Labline shaker bath (model 4628) utilized for
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incubations, and a Virtis Freezemobile 12XL lyophilizer used for freeze-drying samples.
The LKB Wallac 1219 Rackbeta liquid scintillation counter produced the scintillation
counts.

Desalting of samples was accomplished with Millipore Ultrafree-15 Centrifugal
Filter Devices and Microcon-3 microconcentrators. The *H-cholesterol came from NEN
Research Products, and the NaB’H, came from ARC, Inc. “HPLC grade” organic

solvents were from Fisher.

7.1 Pre-incubation procedures

7.1.1 Collection of Pseudopterogorgia americana

Pseudopterogorgia americana was collected from Sweetings Cay and Chub Cay
off the coast of the Grand Bahama Island in the Bahamas. It was also collected off the
southern coast of Long Key, FL. In both areas it was taken from depths between the
range of 10 to 25 meters using SCUBA equipment. Samples were secured by cutting the
base of the animal with either scissors or a dive knife and placing in a dive bag. Upon
return to the surface, they were flash frozen using liquid nitrogen and stored short term in
a cooler with dry ice. Long term storage was inside a ziplock bag stored at —80°C at

FAU.

7.1.2 Production of cell-free extracts (CFE)
A frozen sample of P. americana approximately 70-90 g was chopped up into fine
pieces using scissors and placed in the blender. Fifty milliliters of buffer was added and

the blender turned on low. To freeze the sample (making homogenization of the cell
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walls and organelles easier), ~25 mL of liquid nitrogen was added and the blender turned
on again. This “buffer/blender/Ny/blender” cycle was repeated until the CFE became a
“milkshake” consistency. This mixture was centrifuged for 15 minutes at 5000 rpm. The
supernatant was saved and respun at 18,000 for 2.5-3 hours. The supernatant was filtered

through a 0.45 nm filter and stored at —80°C.

7.1.3 Production of acetone powders

Dry ice was placed into an insulated bucket containing xylenes and a 1 L beaker
with 500 mL of high-purity acetone. The acetone contained a stir bar and thermometer,
and was chilled until a temperature of -35-40°C was reached. Upon reaching the desired
temperature, 45 mL of CFE was added slowly until a white crystal precipitate was
formed in the acetone, and this was left to stir for 5 minutes. The white precipitate was
then quickly filtered through a Buchner funnel and the filter paper containing the white
crystals was placed in a lyophilizing jar and freeze-dried for 12-24 hours. Upon dryness,
it was scraped off the filter paper and placed in a plastic centrifuge vial and stored at —

80°C

7.2 Methods of secosteroid production

7.2.1 Incubation conditions

Standard production of secosteroids followed a protocol developed and described
by Rodriquez™. Placed in a plastic centrifuge tube was 100 mg of dry acetone powder, 5
mg of the experimental steroid, 2 mg each of co-enzymes NAD and NADP, and 45 mL of

sodium phosphate buffer (pH 7.7) containing 3.0 mM disodium ethylenediamine
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tetraacetate (EDTA) and 4.0 mM 2-mercaptoethanol. This incubation chamber was set

into a shaker bath set at 30°C for 48 hours.

7.2.2 Incubations with and without EDTA

Two different acetone powders were produced; one made from a cell-free extract
that used EDTA-free buffer, and the other an acetone powder made from a CFE that
contained EDTA-fortified buffer. Incubations were as described above except for the

lack of EDTA in one buffer aliquot used with the EDTA-free acetone.

7.2.3 Incubations doped with and without various divalent metal ions

Incubations were done as described above with the addition of magnesium sulfate
(MgS0y), cobalt sulfate (CoSO4e7H,0) and manganese sulfate (MnSO4eH,0) at 3 uM
concentrations.  Incubations were done with radioactive cholesterol. Radiolabeled
incubations were done by adding 1 uCi of *H-labeled cholesterol, 100 mg acetone
powder, 2 mg of both NAD and NADP, and 45 mL of sodium phosphate buffer (pH 7.7)
fortified with 4.0 mM 2-mercaptoethanol and 30 mM EDTA in a 125 mL glass
Erlenmeyer flask and set in a shaker bath at 28°C. The 15 mL aliquots were removed at
1 and 24 hours. Each set of experiments was run with a control, which consisted of a

standard incubation flask containing everything except the acetone powder (enzymes).

7.2.4 Incubations with Triton X-100
To 125 mL Erlenmeyer flasks was added 0.5-1 pCi of *H-labeled gorgosterol, 2

mg of NAD and NADP, 45 mL of Na;PO, buffer fortified with 2-mercaptoethanol/EDTA
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(same as above). To each flask was added 100 pL of Triton X-100 and incubated for 48

hours.

7.3 Work-up of incubation reactions

7.3.1 Non-radiolabeled incubations

Upon completion of an incubation, the reaction mixture was flash frozen and
lyophilized for 12-24 hours. The sample was then placed into a plastic centrifuge tube
and extracted with multiple volumes of ethyl acetate (EtOAc) (total volume of EtOAc
~20 mL). Later this step was modified by performing the extraction directly in the
lyophilizing jar, to avoid potential loss of product in transferring. The extraction volumes
were passed through a Pasteur pipette half-filled with silica and a cotton wool plug into a
scintillation vial. A stream of N, removed the solvent. Any remaining 2-
mercaptoethanol was removed in a 2-hour spin on the speed vac set on low temperature.
Approximately 0.20 mL of EtOAc was added back to the vial dropwise to “rinse” all
product off the sides of the vial. This sample was then applied across a 20 x 20 cm glass-
backed preparatory thin-layer chromatography plate (“prep TLC plate”) 2.5 cm from the
bottom. The plate had a 2.5 cm strip on the left-hand side, separated from the rest of the
plate by an intentionally placed 3 mm wide grove in the silica. On this strip was placed a
standard for gorgosterol and secogorgosterol. The prep TLC plate was run with 1:1
EtOAc/hexane mobile phase to 2.5-1.25 cm from the top. The plate was removed, and
the mobile phase allowed to evaporate off. Using aluminum foil to cover the whole plate
save the leftside strip, this strip was then sprayed with berberine and placed under UV

light. The unsprayed side was marked with a pencil according to the location of the
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sprayed (and thus UV visible) standards. The silica was scraped off the plate horizontally
corresponding to where the steroid and secosteroid standards traveled on the plate. This
silica was then extracted with multiple aliquots totaling 7.0 mL EtOAc and passed
through a Pasteur pipette half-filled with fine silica and cotton glass wool into a tared
scintillation vial and the solvent blown down with N,. The vial was then weighed to

determine the percent yield.

7.3.2 Radiolabeled incubations

After incubating reactions, samples were flash frozen an and 12-24 hour
lyophilization followed. To release any product bound up within the Na3PO, salt
crystals, 15 mls of deionized (DI) H,O was added in 2 washes of 10 and 5 mls. This
mixture was transferred to plastic centrifuge tubes and 10 mL of EtOAc was added and
shaken vigorously for extraction purposes. After 10 minutes of centrifugation (to remove
the emulsion) at 7000 rpm, the top layer was removed and saved in a plastic centrifuge
tube. This process was repeated twice more using 7 mL and 6 mL volumes of EtOAc
(volumes used such that more than equal volume extraction was done to ensure product
transfer). Depending on the viscosity of the incubation mixture and thus the strength of
the emulsion, higher rpms were sometimes used (i.e., 18,000 rpm for incubations with
CFEs). These combined EtOAc extractions were then dried by passing them through a
Pasteur pipette filled with 1.80 g anhydrous sodium sulfate and collected in a scintillation
vial. The solvent was blown down with N, and 0.20 mL of EtOAc was added back into
the vial to rinse the walls down. This eluate and the two standards were applied to a prep
TLC plate in the same fashion as described above and run in a 1:1 EtOAc/hexane mobile
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phase. The TLC plate was covered with aluminum foil except for the leftside strip
containing the standards and sprayed with a sulfuric acid- based solvent. The plate was
placed inside an oven for approximately 3 minutes. The standards for both the steroid
and the secosteroid came out a black spots (when cholesterol was used the steroid spot
was a red color). The plate was scraped in horizontal manner according to the location of
the standards and the silica placed in a scintillation vial. This silica was extracted with
multiple aliquots totaling 7.0 mL EtOAc and the extraction mixture passed through a
Pasteur pipette containing a cotton wool plug. The solvent was removed by evaporation

with N, and the sample processed (either counted or prepped for HPLC).

7.3.3 Radiolabeled incubations isolating 9,11-dihydroxygorgosterol

A standard incubation (including 100 uL Triton X-100) was performed using 1
uCi radiolabeled gorgosterol. The standard post-incubation work-up was done, and the
sample was applied to a prep TLC plate. The intermediate had a Ry value only 22%
higher than the secogorgosterol, so they were scraped off the plate as one band and
extracted together. This mixture of compounds was then injected onto the HPLC
(Beckman reverse-phase column, mobile phase of 100% methanol, pump speed 2
ml/min) and the secosteroid and 9,11-dihydroxygorgosterol collected.

All the samples of interest were divided in half—done by evaporating off the
solvent, adding 2.00 mL methanol to each vial, then removing 1.00 mL--with one half
saved and the other half counted. The saved half was used for TLC analysis—later, it
was extracted off the silica for the purpose of re-injecting the secogorgosterol and the

9,11 intermediate individually onto the HPLC to examine radiochemical purity.
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7.4 Thin-layer chromatography

Analytical thin-layer chromatography was done on aluminum-backed normal
phase silica plates. Scissors were used to adjust size and shape of plate, and the bottom
right and left corners were cut off to help the mobile phase (always 1:1 EtOAc/hexane)
run level up the plate. Samples were applied using capillary tubes washed and rinsed in
high-purity acetone between applications. Preparatory thin-layer chromatography was
done with glass-backed plates on normal phase silica and run in 1:1 EtOAc/hexane
mobile phase. Standards were applied using capillary tubes and the reaction mixtures
placed on the plates with dropwise addition horizontally across using Pasteur pipettes.
Standards were secogorgosterol and cholesterol (which had a nearly identical R value as

gorgosterol).

7.5 Column chromatography

7.5.1 Construction of the Sephadex columns

Several different exclusion sizes of Sephadex columns were used throughout the
1solation process, but all four columns were poured, rinsed, loaded, and run in the same
fashion. Sephadex G25, G50, G75, and G100 were all hydrated with the appropriate
volume of nanopure water (optimal volumes varied with exclusion size). The Sephadex
was then degassed for several hours with vacuum and poured into a glass column fitted
on top with a funnel to hold excess slurry (total volume of slurry exceeded column
volume). Column was left to sit overnight to give beads chance to precipitate, then the
stopcock opened and the water allowed to flow through until the water level was 2 cm
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above the beads. The column was placed in the 4°C refrigerator and attached to the

pump where it ran at an appropriate flow rate to pack down the beads (flow rate variable

depending on exclusion size of beads).

7.5.2 Preparation and loading of acetone powders

The column to be used was first rinsed with 300 mL of degassed sodium
phosphate buffer (pH 7.7) containing 2-mercaptoethanol and EDTA. The buffer was run
until it was exactly at the height of the beads. Ten milligrams of acetone powder was
mixed with 5 mL of DI H;O to produce an approximate 2 mg/mL protein solution
(assuming 50% of acetone powder is protein). The sample was placed on the top of the
beads and allowed to enter the bead bed completely. Two centimeters of buffer was
placed on top of the Sephadex, and the flow adapter attached. Typically the Sephadex
(G25 was run at 1.0 mL/minute, the G50 ran at 0.75 mL/min., and the G75 and G100 at
0.25 mL/min. Due to the high salt content of acetone powders, these columns often
needed to be run at slower speeds, because the salt clogged the frit on occasion and
caused back pressure that ruptured the column. The detector was set on 0.5 mg/mL
sensitivity and the fraction collector set to collect individual 5.0 mL fractions after the

void volume. The chart recorder speed was set on 2 cm/hr.

7.5.3 Preparation and loading of cell-free extracts
The pre-run rinse was same as described above. Volumes between 5 and 12 mL
of CFE were first degassed for 20 minutes and then gently placed on the beads and

allowed to enter the beads completely. Additional buffer was added on top and the flow
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adapter was connected. The sensitivity, flow rates, fraction collector and chart recorder

were as previously described.

7.5.4 Work-up of fractions collected

Depending on the level of protein present in each fraction (from the absorbance
units on the chart recorder graph), individual fractions were either discarded (low levels)
or pooled, flash frozen, and lyophilized (high levels of protein). Fractions containing
significant protein were pooled into 2 or 3 “groups”, producing groups containing high

protein concentration from the 2-3 major peaks from each run.

7.6 Production of *H-labeled gorgosterol

7.6.1 Isolation of gorgosterol

Various cell-free extracts from several P. americana animals were combined
together to form 1.0 L of CFE. This was split into 4 250 mL centrifuge tubes and each
tube was subjected to multiple extraction volumes of EtOAc such that an overall total of
1.50 L of EtOAc was used. For each extraction an emulsion was formed (largely due to
the viscosity of the CFE) and this was removed by centrifugation of 5000 rpm for 25
minutes. All of the organic extractions were pooled together and the solvent was
removed using the rotovap. The solution was concentrated down to yield a very thick
green oil. This oil was placed on top of a 32 cm high column of “230-400” mesh silica
preflushed with 100% hexane for 6 hours. The oil and its components were extracted
through the silica using a gradient system consisting of 100 mL each of the following:
100% hexane, 10% EtOAc/hexane, 20% EtOAc/hexane, and with 200 mL of 30%
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