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.IBsTRAcT.-The venomous marine animal Lytechimts  rariegaizis (Lamarck) has  
been found t o  contain an antineoplastic glycoprotein. Separation of an aqueous 
extract of this Weste-rn ;itlantic sea urchin by  a series of macroreticular resin (or 
centrifugation) and gel permeation chromatographic sequences led to  the  new glyco- 
protein designated lytechinastatin,  

The sea urchin family Tosopneuctidae (Echinodermata phylum. Echinacea 
superorder) ii n ell Snon-n for its venomous specie.:. e-pecially the lethal Western 
Pacific (Japan) Tosopileiisles elegaiis and T .  pileolus ( 2 ) .  The ubiquitous 
Caribbean (range- from Brazil to S o r t h  Carolina) L y t e c k i u u s  Tariegatus (Lamarck), 
another toxic member of this famill.  also containc a pedicellarial (1) venom. 
I n  this ca>e the venom n as found to be dialyzable and presented an acetylcholine- 
type pliarmacological respon-e (3).  Other biochemical btudies of this species 
have been limited to the sperm ribo-omal DS-1 ( 4 - i ) ,  egg jelly coat (8) '  a tubulin- 
like protein [regulation of microtubule function (9) ], and a secretion with fertiliza- 
tion-inhibiting properties (10). 

Marine invertebratee such a i  L.  'i ariegatzrs have been of conbiderable interest 
to us during the past fifteen years (11) for evaluation as new sources of potentially 
useful cancer chemotherapeutic agents. For example, n-e recently described 
(1.12) the isolation of ctrongylostatin. 1 and 2 from the venomous green sea 
urchin StroizgyloceIzfrotzis droebacliieiisis (Muller). Strongylostatin 1 n a. found 
to  be a glycoprotein of exceedingly high molecular weight ( 2  4 x 10') which 
exhibited significant antineoplastic activity (3543% life extension a t  3-10 
nig kg do-e levels) in the Sational Cancer Institute's ( S C I )  murine P38S lympho- 
cytic leukemia (PS) i i i  ez io  sjstem (13). Strongyloqtatin 2 proved to be a related, 
albeit loner molecular TT eight. gl) coprotein TI ith qimilar anticancer activity (1). 
In  1965 n e  began to invectigate L. iar iegatus  collected in the Gulf of l\lexico 
(-1palachee Bay, Florida) and an ethanol extract reached the confirmed active 
level (PS T C 150 at 400 mg kg) in the S C I  exploratory biological program. 
The antineoplactic activity (Pi3 T C 1 2 i  a t  GO mg Sg) mas next observed in an 
aqueouq fraction obtained from a 1971 recollection. In subsequent recollection3 
made in 1 9 i 5  and 197 the activitj na. found to again vary betneen the ethanol 
(1975) and aqueous ( 1 9 7 )  extract<. Extensive effortq nere made by employing 
bioai-ay (PS) and various separation techniques to locate the anticancer agent ( e ) .  
Only the route (guided by PS iii z i zo  bioa-ay) that proved most w c C e ~ ~ f u 1  
TI ith the 1 9 T i  recollection hac been summarized in the sequel. 

An aqueou. extract of the Caribbean L.  zariegatus was triturated n i t h  
methanol. and the methanol insoluble fraction TI a. diccolved in water and chroma- 
tographed on the macroreticular rebin X4D-2. Three fraction.: (determined by 
uv monitoring) n-ere eluted by nater.  and a fourth was obtained by combining 
material from aqueoui methanol (1 :1) and methanol elutions. The first three 
fractions all produced PS i i i  r i ~ o  activity (the firqt n-as nioit active and displayed 
T C 143 a t  37 mg Sg). and the fourth \ l ac  inactive. -1- the latter fraction 
amounted to < 2 5  of the total ueight, chromatography on XhD-2 n-as eventually 
found unnece2aary and the follov ing method proved to  be more convenient. 
After di-olution in n ater and centrifugation, the methanol insoluble fraction n as 

'Contribution 77 of the  series -intineoplastic Agents: refer to (1) for Pa r t  7 6 .  
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chromatographed on a column of Sephadex G-50. The excluded fraction obtained 
by eluting the column n i th  nater  n a s  rechromatographed on a Sephacryl S-200 
column. The excluded fraction eluted by water showed PS in zieo activity 
( T I C  125 a t  5 mg’kg). Other fractions from both the G-50 and S-200 columns 
were inactive against the PS in z izo  system. 

The active fraction from the Sephacryl S-200 column n as 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 a t  12-25 
mg kg). Since no other substance with better P3 inhibitory activity was located, 
the high molecular n-eight glycoprotein obtained as the first Sepharoce 2B fraction 
was designated lytechinastatin. Larger-scale isolations of lytechinastatin were 
performed as described above, except that  the Pephacryl S-200 step n as 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 31\1 guanidine hydrochloride 
on an analytical column of Sepharose 2B gave evidence (by the use of nidecular 
size indicators) that  lytechinastatin corresponded to a maximum molecular n eight 
of about two million. Since the elution curves from both the preparative (water 
as eluent) and analytical column were essentially identical, it n as apparent that ,  
if aggregation n as occurring, 311 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 n-ith the range expected for a glycoprotein. .I small 
amount of phosphorus (0.547,) was also detected. X carbohydrate analysis 
(14) showed 18% carbohydrate, based on a glucose standard. Amino acid 
analyses (15) indicated that Asx, Glx and Gly nere  the most abundant constituents. 

While lytechinastatin appears to account for the relatively lon level of PS 
in zino activity experienced x i th  the L. sariegatus aqueous extracts, it may riot 
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 doqe). a future study n-ould be 
required to answer such remaining questionq. 

EXPERI_\IEKThL? 
ANI%f.aL COLLECTIOA .-The initial specimens and all recollections (except for the  one noted 

below) of Lyfeciiznzis : n r r e g a / u s  (Lamarck) preserved in 2-propanol s e r e  provided by  RIr Jack J .  
Rudloe from the  Gulf of Mexico in or near A4palachee Ba? ,  Florida The  first collection n a s  
made in July 19GS and yielded an ethanol evtract u i t h  confirmed PS z n  i z io  activity IT’C 150 
a t  400 mg/kg). A 25 kg (wet weight here and in the sequel) recollection received in May 1971 
gave an ethanol extract tha t  led (solvent partitioning) to  a vater-soluble fraction u i t h  T C 
12i a t  60 mglkg. In  December 1975, a 43 kg recollection mas supplied by  D r  R E Schroeder 
from Si les  Channel and Sewfound, Florida. The  ethanol extract of this collection was P8 
active (TIC  148 a t  45 mg/kg)  A December 1977 recollection received from hI r  Rudloe 
amounting t o  about 250 kg was used to  finally isolate 15 techinastatin 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 

A h ~ i i i ~  EXTRACTIO\ -The December 1 9 7  recollection was received in t w o  55 gallon barrels 
(approximately 250 kg of wet animal) containing 2-propanol as preservative The  2-propanol 
was decanted and filtered The  L ;orregofz t s  n-as removed, crushed, and urapped (in about 
2 kg batches) in muslin cloth and placed in a modified (stainless steel)  Sovhlet extraction 

*Distilled water was employed for all chromatographic procedures. The  Sephadex G-5@, 
Sephacryl S-200 superfine, Sepharose 2B and special columns were obtained from Pharmacia 
Fine Chemicals. Amberlite SAD-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 D r .  Ann Yates using a 
model 121 Beckman-Spinco amino-acid analyzer according to  procedures (15) tha t  do not 
detect cysteine and tryptophan. Carbohydrate content was determined by  the  phenol-sulfuric 
acid method (14). jlicroanalyses ve re  provided by Spang RIicroanalytical Laboratory,  
Eagle Harbor,  Michigan. Trace metal analyses were obtained by Dr .  11. *J. Parsons employing 
a Jarrell-Ash 3.411 spectrograph. 
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apparatus. The  animals xvere extracted with ethanol for 48 hr ,  followed by water for 48 hr.  
After removal of the  solvents b>- distillation in t 'nci io  and lyophilization of the residues to coni- 
pletely remove solvent the  following extracts were obtained: 2-propanol, 5.3 kg: ethanol, 
186 g: water,  308 g.  

I~OL.ITIOS OF LTTECHISASTATIS.--.~ 10 g specimen of the aqueous extract was tr i turated 
with meThano1 12 x 300 ml )  for 7 2  hr ( to ta l i .  The  methanol-insoluble fraction (5.9 g) was dis- 
solved in water (50 ml ) ,  the solution was centrifuged fl h r )  at  37,000 g to  remove sus- 
pended particles tha t  would otherwise block (and substantially reduce the flow ra te )  the 
inlet filter of a Pharmacia column, and the supernatant solution was carefully decanted. The  
residue was washed with a small volume of n-ater, recentrifuged at  37,000 g for 1 hr ,  and the 
wash solution --as carefull!- decanted and combined with the initial supernatant solution. 
BJ- this means it was possible to  eliminate an S h D - 2  chromatographic step (elution with water 
followed b?- water-methanol and methanol) tha t  was originally employed a t  this stage of the 
separation. S e x t ,  the  supernatant solution from the centrifuge procedure was applied to  a 

5 x 75 em) of Sephadex G 5 0 ,  and the  column was developed with water.  -1 1.17 g 
0.21 g prepared as above and the remainder b>- repeating the  procedure) of the excliided 

band recovered by evaporation of the Tvater i i ~ i  ~ : c i t o )  was dissolved in water (50 ml ;  and 
applied to  a column (5 x 7 5  cmi of Sephacryl S-200 superfine. The  first band (0.70 g, light- 
brown void volume fraction) eluted by water was found to contain the P S  iti Liz'o active (T C 
129 at 5 nig kg component. .1 portion (0.25 g) of this fraction vias chromatographed in water 
130 ml) on a column (5 x 75 em)  of Sepharose 2B to  yield three fractions (monitored with a iiv 
detector 1 .  .ifter desalting (a Bio-filter 80 beaker was used 1 and subsequent lyophilization, 
the  first fraction yielded the  antineoplastic (PS T C 121-122 at  12-25 mg kg) glycoprotein 
lytechinastatin (83 mg) as a tan  or beige fluffy powder slightly soluble (0.6 mg ,ml j  in water 
upon remaining 1 h r  at  room temperature. 

I n  a large-scale isolation of lytechinastatin, the  aqueous extract (GO g) was tr i turated 
with methanol, the insoluble portion was dissolved in water 1400 ml) and centrifuged a t  37,000 
g, and the  supernatant solution was chromatographed with a Pharmacia Kl00 100 column 
(7 l i ter  volume) packed with Sephadex G-50. The excluded band (3.8 gi was finally chronia- 
tographed (as described above) on Sepharose 2B. However, the yield (0.15 g )  of lytech- 
inastatin was reduced by this simplified procedure. Based on the w&ght of aqueous extract 
employed, this corresponds to  a yieldof 0.25cc (by weight) of lytechinastatin. Because of ly- 
techinastatin 's  molecular size, polyacrylamide gel electrophoresis could not be used to  eval- 
uate the  extent of purification achieved by these methods. 

CHARACTERIZATIOS OF LTTECHISASTATIS .--An analytical column (1 s 40 cm was prepared 
containing Sepharose 2B in 311 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 12 s 10' 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 (105) and to ta l  bed volume. Chromatograph)- of lytechinastatin (1 mg) 
on this column produced an elution curve which fell between the two calibrated limits. Assun;- 
ing tha t  lytechinastatin obeyed the usual linear relationship between elution volume i's. mole- 
cular weight (and tha t  it behaved as a carbohydrate rather than a protein) it corresponded 
to  a maximum molecular weight of approximately 2 x lo6. Lytechinastatin was found to  be 
a glycoprotein (187  carbohydrate, based on a glucose standard,  14) and amino acid analvses 
(1%17) shoxed  the  following composition: Ala 9.36, h r g  3.41) Asx 12.15, Glx 11.24, Gly 10.72, 
His 1.44, I le 5.17, Leu 7:49, Lys 1.33, Met 0.59, Phe  3.96, Pro  5.69, Ser 6.13, T h r  i .79,  T y r  2.49, 
J-a1 7.73 in mole rc amino acid. 

Anal. found: C, 45.05: H, 6 . 5 2 :  S ,  5 . 2 5 :  S, 1.68: P, 0.54. S o  significant amounts of any 
metal  were detected.  

The  composition of 5.25$ nitrogen corresponds t o  a protein content of about 3 3 5  1a 
nitrogen content of 1005 pfotein was approximated to  be 16$). The results of a Lowry protein 
assay indicated 2 7 7  protein. 
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