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ABsTRACT.—The venomous marine animal Lytechinus variegatus (Lamarck) has
been found to contain an antineoplastic glycoprotein. Separation of an aqueous
extract of this Western Atlantic sea urchin by a series of macroreticular resin (or
centrifugation) and gel permeation chromatographic sequences led to the new glyco-
protein designated Iytechinastatin.

The sea urchin family Toxopneustidae (Echinodermata phylum, Echinacea
superorder) is well known for its venomous species, especially the lethal Western
Pacific (Japan) Toxopneustes elegans and T. pileolus (2). The ubiquitous
Caribbean (ranges from Brazil to North Carolina) Lytechinus variegatus (IL.amarck),
another toxic member of this family, also contains a pedicellarial (1) venom.
In this case the venom was found to be dialvzable and presented an acetylcholine-
tvpe pharmacological response (3). Other biochemical studies of this species
have been limited to the sperm ribosomal DNA (4-7), egg jelly coat (8), a tubulin-
like protein [regulation of microtubule function (9) ], and a secretion with fertiliza-
tion-inhibiting properties (10).

Marine invertebrates such as L. variegatus have been of considerable interest
to us during the past fifteen yvears (11) for evaluation as new sources of potentially
useful cancer chemotherapeutic agents. For example, we recently described
(1,12) the isolation of strongvlostatins 1 and 2 from the venomous green sea
urchin Strongylocentrotus droebachiensis (Mduller). Strongylostatin 1 was found
to be a glveoprotein of exceedingly high molecular weight (> 4 x 107) which
exhibited significant antineoplastic activity (35-539 life extension at 5-10
mg kg dose levels) in the National Cancer Institute’s (NCI) murine P388 lympho-
cytic leukemia (PS) in vizo system (13). Strongylostatin 2 proved to be a related,
albeit lower molecular weight, glyvcoprotein with similar anticancer activity (1).
In 196% we began to investigate L. variegatus collected in the Gulf of Mexico
(Apalachee Bay, Florida) and an ethanol extract reached the confirmed active
level (PS T/C 150 at 400 mg 'kg) in the NCI exploratory biological program.
The antineoplastic activity (PS T/C 127 at 60 mg-kg) was next observed in an
aqueous fraction obtained from a 1971 recollection. In subsequent recollections
made in 1975 and 1977 the activity was found to again vary between the ethanol
(1975) and aqueous (1977) extracts. Extensive efforts were made by employving
bioassay (PS) and various separation techniques to locate the anticancer agent(s).
Only the route (guided by PS in wito bioassay) that proved most successful
with the 1977 recollection has been summarized in the sequel.

An aqueous extract of the Caribbean L. tariegatus was triturated with
methanol, and the methanol insoluble fraction was dissolved in water and chroma-
tographed on the macroreticular resin XAD-2. Three fractions (determined by
uv monitoring) were eluted by water, and a fourth was obtained by combining
material from aqueous methanol (1:1) and methanol elutions. The first three
fractions all produced PS in vivo activity (the first was most active and displaved
T/C 143 at 37 mg /kg), and the fourth was inactive. As the latter fraction
amounted to <29 of the total weight, chromatography on XAD-2 was eventually
found unnecessary and the following method proved to be more convenient.
After dissolution in water and centrifugation, the methanol insoluble fraction was

1Contribution 77 of the series Antineoplastic Agents: refer to (1) for Part 76.
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chromatographed on a column of Sephadex G-50. The excluded fraction obtained
by eluting the column with water was rechromatographed on a Sephacryl S-200
column. The excluded fraction eluted by water showed PS in wvivo activity
(T/C 125 at 5 mg/kg). Other fractions from both the G-50 and S-200 columns
were inactive against the PS in vivo system.

The active fraction from the Sephacryl S-200 column was next chromatographed
on Sepharose 2B. Three fractions, as evidenced by uv detection, were eluted
from this column. Only the first fraction was PS active (T/C 121-122 at 12-25
mg/kg). Since no other substance with better PS inhibitory activity was located,
the high molecular weight glycoprotein obtained as the first Sepharose 2B fraction
was designated lytechinastatin. Larger-scale isolations of lytechinastatin were
performed as described above, except that the Sephacryl 8-200 step was eliminated.

Lytechinastatin was obtained as a tan or beige fluffy powder, slightly soluble
in water. Dissolution in water was facilitated by addition of a detergent (SDS).
Gel permeation chromatography of lytechinastatin in 3M guanidine hydrochloride
on an analytical column of Sepharose 2B gave evidence (by the use of molecular
size indicators) that lytechinastatin corresponded to a maximum molecular weight
of about two million. Since the elution curves from both the preparative (water
as eluent) and analytical column were essentially identical, it was apparent that,
if aggregation was occurring, 3M guanidine hydrochloride had no apparent effect
on the process.

Trace metal analysis of lytechinastatin did not reveal any significant metal
component. Elemental analyses for carbon, hydrogen, nitrogen, and sulfur
gave results consistent with the range expected for a glycoprotein. A small
amount of phosphorus (0.54%,) was also detected. A carbohydrate analysis
(14) showed 189, carbohydrate, based on a glucose standard. Amino acid
analyses (15) indicated that Asx, Glx and Gly were the most abundant constituents.

While lytechinastatin appears to account for the relatively low level of PS8
in vivo activity experienced with the L. variegatus aqueous extracts, it may not
be responsible for the higher inhibitory activity given by the ethanol extracts.
Since the latter biological results were not reproducible (and lytechinastatin has
not been evaluated above 25 mg/kg to a toxic dose), a future study would be
required to answer such remaining questions.

EXPERIMENTAL?

ANrmvar coLLEcTioN.—The initial specimens and all recollections (except for the one noted
below) of Lytechinus variegaius (Lamarck) preserved in 2-propanol were provided by Mr. Jack J.
Rudloe from the Gulf of Mexico in or near Apalachee Bay, Florida. The first collection was
made in July 1968 and yielded an ethanol extract with confirmed PS ¢n vivo activity (T/C 150
at 400 mg/kg). A 25 kg (wet weight here and in the sequel) recollection received in May 1971
gave an ethanol extract that led (solvent partitioning) to a water-soluble fraction with T/C
127 at 60 mg/kg. In December 1975, a 43 kg recollection was supplied by Dr. R. E. Schroeder
from Niles Channel and Newfound, Florida. The ethanol extract of this collection was PS8
active (T/C 148 at 45 mg/kg). A December 1977 recollection received from Mr. Rudloe
amounting to about 250 kg was used to finally isolate lytechinastatin as reported herein. The
1977 collection did not give a PS active ethanol extract, but did give an active (T/C 131 at
15 mg/kg) aqueous extract.

ANIMAL EXTRACTION.—The December 1977 recollection was received in two 55 gallon barrels
(approximately 250 kg of wet animal) containing 2-propanol as preservative. The 2-propanol
was decanted and filtered. The L. tariegatus was removed, crushed, and wrapped (in about
2 kg batches) in muslin cloth and placed in a modified (stainless steel) Soxhlet extraction

!Distilled water was employed for all chromatographic procedures. The Sephadex G-50,
Sephacryl S-200 superfine, Sepharose 2B and special columns were obtained from Pharmacia
Fine Chemicals. Amberlite XAD-2 was supplied by Rohm and Haas Co. Column eluates
were collected with a Gilson FC-80 microfractionator and fractions were monitored with a
Gilson Holochrome spectrophotometer (uv).

Amino acid analyses were performed by Dr. John R. Cronin and Dr. Ann Yates using a
model 121 Beckman-Spinco amino-acid analyzer according to procedures (15) that do not
detect cysteine and tryptophan. Carbohydrate content was determined by the phenol-sulfurie
acid method (14). Microanalyses were provided by Spang Microanalvtical Laboratory,
Eagle Harbor, Michigan. Trace metal analyses were obtained by Dr. M. J. Parsons employing
a Jarrell-Ash 3.4M spectrograph.
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apparatus. The animals were extracted with ethanol for 48 hr, followed by water for 48 hr.
After removal of the solvents by distillation i vacuo and lyophilization of the residues to com-
pletely remove solvent the following extracts were obtained: 2-propanol, 5.3 kg; ethanol,
186 g; water, 308 g.

IsoLa1iON OF LYTECHINASTATIN.—A 10 g specimen of the aqueous extract was triturated
with methanol (2 x 300 ml) for 72 hr (total). The methanol-insoluble fraction (5.9 g) was dis-
solved in water (50 ml), the solution was centrifuged (1 hr) at 37,000 g to remove sus-
pended particles that would otherwise block (and substantially reduce the flow rate) the
inlet filter of a Pharmacia column, and the supernatant solution was carefully decanted. The
residue was washed with a small volume of water, recentrifuged at 37,000 g for 1 hr, and the
wash solution was carefully decanted and combined with the initial supernatant solution.
By this means it was possible 10 eliminate an XAD-2 chromatographic step (elution with water
followed by water-methanol and methanol) that was originally emploved at this stage of the
separation. Next, the supernatant solution from the centrifuge procedure was applied to a
column (3 x 73 em) of Sephadex G-50, and the column was developed with water. A 1.17 g
amount [0.21 g prepared as above and the remainder by repeating the procedure) of the excluded
band recovered by evaporation of the water (in_vicuo) was dissolved in water (50 ml) and
applied to a column (5 x 75 em) of Sephacryl 8-200 superﬁne The first band (0.70 g, light-
brown void volume fraction) eluted by water was found to contain the PS in civo active (T/C
125 at 5 mg kg component. A portlon (0.25 g) of this fraction was chromatographed in water
(30 ml) on a column (5 x 75 em) of Sepharose 2B to vield three fractions (monitored with a uv
detector). After desalting (a Bio-filter 80 beaker was used) and subsequent lvophilization,
the first fraction vielded the antineoplastic (PS T/C 121-122 at 12-25 mg/kg) glycoprotein
Ivtechinastatin (83 mg) as a tan or beige fluffy powder slightly soluble (0.6 mg,/ml) in water
upon remaining 1 hr at room temperature.

In a large-scale isolation of lyvtechinastatin, the aqueous extraet (60 g) was triturated
with methanol, the insoluble portion was dissolved in water (400 ml) and centrifuged at 37,000
g, and the supernatant solution was chromatographed with a Pharmacia K100/100 column
(7 liter volume) packed with Sephadex G-50. The excluded band (3.8 g) was finally chroma-
tographed (as deseribed above) on Sepharose 2B. However, the vield (0.15 g) of lytech-
inastatin was reduced by this simplified procedure. Based on the weight of aqueous extract
employed, this corresponds to a vield of 0.25¢¢ (by weight) of lytechinastatin. Because of ly-
techinastatin’'s molecular size, polyvacryvlamide gel electrophoresis could not be used to eval-
uate the extent of purification achieved by these methods.

CHARACTERIZATION OF LYTECHINASTATIN.—An analytical column (1 x 40 cm) was prepared
containing Sepharose 2B in 3M guanidine hydrochloride. The fractionation range of this
column was calibrated for upper and lower limits by chromatography of molecular weight
markers (monitored with a uv detector). Particles removed from the methanol insoluble
portion of the aqueous extract by centrifugation proved to be a convenient marker for the
exclusion limit (2 x 107 for carbohydrate) and column void volume. Low molecular weight
material from the G-50 columns (see above) provided a useful marker for the lower end of the
fractionation range (10°) and total bed volume. Chromatography of lvtechinastatin (I mg)
on this column produced an elution curve which fell between the two calibrated limits. Assum-
ing that lytechinastatin obeyed the usual linear relationship between elution volume ts. mole-
cular weight (and that it behaved as a carbohydrate rather than a protein) it corresponded
to a maximum molecular weight of approximately 2 x 10°. Lytechinastatin was found to be
a glycoprotein (18% carbohydrate, based on a glucose standard, 14) and amino acid analyses
(15-17) showed the following composition: Ala 9.36, Arg 3.41, Asx 12.15, Glx 11.24, Gly 10.72,
His 1.44, Ile 5. -14, Leu 7149, Lys 4.33, Met 0.59, Phe 3.96, Pro 5.69, Ser 6.13, Thr 7.79, Tyr 2.49,
Val 7.73 in mole & amino amd

Anal. found: C, 45.05; H, 6.52; N, 5.25: 8, 1.68; P, 0.54. No significant amounts of any
metal were detected.

The composition of 5.25%: nitrogen corresponds to a protein content of about 33¢; (a
nitrogen content of 100¢; protein was approximated to be 165¢). The results of a Lowry protein
assay indicated 27¢; protein.
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