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.iBsTR.icT.-The well-known green sea urchin Strongjiocentrot!cs drobnchicnsis 
ilIiiller) has been found t o  contain a nen- glycoprotein antineoplastic agent. The  
glycoprotein was found t o  produce 35-535 life extension in the  P388 murine lymphocytic 
leukemia system and has been designated strongylostatin 1. Because of the  toxicity 
of strongylostatin 1 it may also be a constitnent of Siro , !g~!ocentro!? ls  d r o b n c l ~ i e ~ s i s  
venom. 

Marine invertebrate. do not have a thymu': system generating antibodie- for 
immunological-type protection (1). Instead, phagocyto4. (by encapsulating 
leukocj-te-) aqsisted by protecting substances formed over an exceedingly long 
evolutionary period comprise the major defensive mechanisms ( 2 ) .  Such con- 
sideration< led us some fourteen years ago to begin evaluating niarine invertebrates 
and vertebrates a< nev 5ourcet of potentially ueeful cancer chemotherapeutic 
drugs (3). Early in this ctudy, n-e found the venoniou ea urchin (West Indies) 
Lyteclriiius ~ a r i e g a t u s  (Lamarel\) (3. 4) of the Toxopn tidae family to provide 
extracts 11-ith antineoplastic actirity. SubsequentlJ- n e uncovered a number of 
such Echinoderms affording extracts n ith confirmed le\ el activity in the US. 
Sational Cancer Inttitute's niurine lymphocytic leukemia P3SS (PS system) ( 5 ) .  

We nom report that  the ubicpitou- north temperate ocean (indeed circuni- 
polar) green -ea urchin Strotigyloceittrotzis drobaclrietisis (Muller) of the family 
Strongylocentrotideae n hich bear< venomous globiferous pedicellariae (-1) n as 
found to produce a nen glycoprotein antineoplastic agent designated strongy- 
lostatin l .  Isolation of strongylostatin 1 by the method non- summarized nas  
found most convenient. .I water extract of Stroiigyloceiitrotus drobachieiiszs from 
the coast of S o v a  Scotia n a s  triturated with methanol, and the less soluble frac- 
tion was chromatographed on the macroreticuiar resin XAD-2. The material 
eluted n-ith na te r  v a s  further separated by a series of gel permeation chromato- 
graphic steps with Sephades G-50 folloned by Sephadex G-200. The fir-t frac- 
tion eluted from the G-200 column by 0.02 M ammonium acetate nas  further 
separated 11 it11 Sepharoqe 2B in a qolution composed of 0.023 -21 tris hydrochloride 

The first glycoprotein ( G .  7) 
atel! 1 .G% >ield babed on the aqueous extract) was fouiid to 

di-play the nioct significant antineoplastic activit! (PS, 35-53VC life extenqion a t  
5-10 mg kg) and u a. named strongyloctatin 1. The apparent molecular n eight 
(S) of .trong!lostatin 1 appear. to be over forty million. The results of amino 
acid anal) 4es wggested a mi ni protein cegment of 5% amino acid units. 

Since the PS evaluation ern n-a3 employed as bioasay during isolation, 
strongylostatin 1 should reprepent the major antineoplastic coniporieiit of 
Stroizgyloceiitrotus drobachieiisis. So far. the level (ca. ,  10 mg lig) of toxicity ex- 
hibited by strongylostatin 1 suggest< that this substance may also be a component 
of Stroii gdocetitrotus drobachet i s i s  venom (9). Preparation< are non- being niade 

'The present investigation corresponds t o  par t  54 of the  series Antineoplastic Agents 
see Ref. 14 for contribution 53 

ium chloride (pH T.33) as eluent. 
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to evaluate this substance in other National Cancer Institute exploratory tumor 
systems. 

EXPERIAIESTAL? 
COLLECTIOK . ~ K D  ExTR.\crlos.-The initial collection of Stro?zg3'ioce,tiro!zIs drobnchiensis 

was made b y  G.R.P. (assisted by  N r .  IT-. E. Pet t i t  and Miss >I. S. Pet t i t  1 near Canso, Kova 
Scotia, June 19i1. Other specimens of this animal collected (by  G.R.P., August and October 
1971) off the  coasts of Alaska gave less active (T/C 120-121) water extracts. A recollection of 
Sfvo,ig?'!ocentro:its dro'nrhievsis (completed in June 1973, along the  coast of S o v a  Scotia) was 
preserved in 2-propanol in ten 1-gal containers. The  shipping solution was drained from the  
specimens and the  whole animals were crushed and extracted (48 hr )  successively with ethanol 
and rrater Kith a modified Soxhlet annaratus. The  aaueoiis extract was lvonhilized and sub- 
mitted for P388 in ~ii i*o evaluation ($)&and found t o  diiplay toxicity a t  25 mg'kg and activity 
(T/C 145) a t  6.25 mg/kg. 

ISOLATIOS OF STROKGTLOST.VLIK l .-AA portion of the aqueous extract (50.2 g) was tr i turated 
n-ith methanol (1 li ter)  for 45 hr .  The  solid portion (31.0 g, PS T / C  167 a t  7.5 mg!kg) n-as dis- 
s d v e d  in water and was further separated as  follows. Typicall>-, 31.0 g of aqueous extract 
(methanol insoluble fraction) in 2 l i ters of water was placed on a column of X U - 2  (4 l i ters 
volume). Elution n-ith water (15 liters) gave the  first fraction (PS T i c  148 a t  2.5 mg,/kg) 
as  21 g (freeze-dried) of water soluble material. The  remaining material eluted from the  
column with methanol (15 liters) vias inactive in the  PS system. 

The  active 
aqueous fraction (9.50 g portion) from the  XALI-2 separation was dissolved in water and ap- 
plied to  the  column. Elution n-ith 1.8 l i ters of water (at a flow ra te  of 400 ml ih r )  yielded the  
void volume material  (2.4 g) as  the  active (PS) fraction. No antineoplastic activity was 
exhibited by  the remaining fractions. 

A 0.63 g portion of the active fraction was applied to  a Sephadex G-200 column (3 x 75 em) 
eq:iilibrated with 0.2 dl ammonium acetate.  The  first 180 ml of eluate containing a deep 
stran: colored band was active ( T / C  136 a t  1 mg'kg in PS)  Tvhile subsequent fractions were 
inactive. 

An analytical Sepharose 2B column (2.5 x 33 em) was prepared and equilibrated with 0.025 
M t r i s  hydrochloride buffer (pH 7.46) containing 0.1 31 potassium chloride and nionitored with 
a differential refractometer. Fractions of 2 ml each were collected. A 10 mg sample of t he  
excluded fraction from Sephadex G-200 was analyzed. Three major peaks were observed a t  
e lu t im  volumes of 57 ml, 154 ml and 173 ml. The  procedure was repeated with a larger Sep- 
harsse 2B column (5  x 69 em) prepared as  above. I n  a typical separation, 0.6 g of excluded 
material from either Sephadex G-200 or G-50 was applied t o  the  column and fractions were 
collected according t o  the  analytical model determination. The  overlapping components 
with elution volumes of 154 and 173 ml (analytical), were not completely separated. The  
water fractions were concentrated in c'ucuo, desalted with a Bio-fiber 50 beaker and lyophilized. 
Of the two major fractions obtained from the  Sepharose 2B separation, the  first was found 
active (PS T I C  153 a t  10 mg/kg and toxic a t  10-20 mglkg)  and designated strongylostatin 1. 
From two such Sepharose 2B separations, 1.2 g of G-200 fraction gave0.35 g ofstrongylostatin 1. 
The  anticancer agent strongylostatin 1 was shown (6) t o  be a glycoprotein (3%38%, carbo- 
hydrate) and amino acid analyses gave the  following results: Ala 65,  Arg 17, Asx 67, Glx 47, 
Gly 63, His  6 ,  Ile 28, Leu 47, LJ-s 25, Phe  26, P ro  28, Ser 33, T h r  37, T y r  17, Ta l  40 for a to ta l  
of 546 units. 
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A Sephadex K-100 column was packed x i t h  G-50 Sephadex (7 l i ters volume). 

Sepharose 2B chromatography n-as employed for final purification. 
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The glycoprotein (strmgylostatin 1) was analyzed for amino acid composition on a model 
121 Beckman-Spinco amino-acid analyzer according t o  procedures (11-13) tha t  do not pro- 
vide cysteine and tryptophan content. The  carbohydrate content (35-38%1 was determined 
by  the orcinol-sulfuric acid method (6). B sample of strongylostatin 1 was analyzed for phos- 
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ment.  hIetal analyses revealed no significant percentages of such elements. 



JCL-AUG 19791 PETTIT ET AL. : STROSGILOSTATIS 1 499 

tional Inst i tutes  of Heal th ,  Department of Heal th ,  Education and Welfare): Public Heal th  
Research Grants  CA1-16049-02-03 and C.4-10019-05 from the  Yational Cancer Inst i tute:  3Irs. 
Mary  Dell Pritzlaff: the Olin Foundation (Spencer T. and Ann W.); the  Fannie E. Rippel 
Foundation: Nr. Robert B. Dal ton:  the  Phoenix Coca Cola Bottling Co.: and Mr. Elias 11. 
Romley. We are also grateful t o  Drs .  J.  Cronin and K.  H. Ode, and Mrs. S. Ode for assistance 
with the amino acid analyses, t o  Dr. -1. L. Bieber for helpful discussions, t o  D r .  hl. Parsons 
for heavy element analysis, and t o  Messers. G.  C. Bryan, J .  F. Day,  and D r .  W-. C. Fleming for 
assistance m-ith extraction studies. 

Recei ted  26 January 1579. 

LITERATURE C I T E D  
1. 
2.  

3.  
4. 

5 .  

!? 
I .  
8. 

9. 
10. 
11. 
12. 
13. 
14. 

J .  c‘. Harshbarger, Fed. Proc., 32, 2224 (1973). 
G.  R. Pet t i t ,  Bzosgnthefzc P r o d i ~ t s  for Cancer Ciieniotiierupg, 1-01. 1, Plenum Publishivg 
Corp., S e w  Tork, 1977, p .  165. 
G. R .  P e t t i t ,  J.  F. D a y ,  J. L Hartwell, and H. B. Wood, .Tafztre, 2.2’7, 962 (1970). 
B .  IT. Halstead. Pozsonoits and l~enoniozis J Iurzne  .-lnznials of  the Ii70rld. 1. U. 9. Govern- 
ment Printing Office. Washington. D.C. .  1965. D.  548. 
R .  I .  Germ,? .  H.-kreenberg,  31. 11. lIacdo&d, A. 11. Schumacher, and B. J .  Abhott ,  
G n c e r  Cheviother.  R e p . ,  P a r t  3, 3 ,  KO. 2 1197%). 
C.  Francois, R .  D .  Marshall, and -1 Sewberger ,  Biociieni. J . ,  83, 335 (1962). 
I(. Schmid, P u r e  a n d  d p p i i e d  Ciieniisfrj,  27, 591 (1971). 
F. G .  Lehmann. C/in .  Ciiim. d c t a .  28. 335 119701. and J .  Marrink and 11. Graber. F E B S  
Leti.. 2. 242 (1969) 

J .  T-. Benscin. J r .  and J .  .1. Patterson. A n a ! .  Ciieni.. 37. 1108 11965). 
J .  J .  Einck, C. L.  Herald,  G .  R .  Pe t t i t ,  and R .  B .  T-on Dreele, J .  -1nic.r. Ckeni .  SOL., 100, 
3544 (1978). 


