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Summary. A new cyclic peroxide, plakorin, which is a potent sarcoplasmic reticulum (SR) Caa+-ATPase activator 
has been isolated from the Okinawan marine sponge Plakortis sp., its structure was elucidated on the basis of  spectral 
data. 
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The Ca 2 +_ATPase in sarcoplasmic reticulum (SR) mem- 
brane plays a key role in muscle relaxation by energized 
Ca 2 +-pumping from the cytoplasm into the lumen of  
SR 2. In our continuing studies on pharmacological 
tools 3, 4 for resolving the molecular mechanism of  excita- 
t ion-contraction coupling in skeletal and cardiac muscle, 
and on other bioactive compounds 5- s from Okinawan 
marine organisms, we encountered extracts of  the Oki- 
nawan marine sponge Plakortis sp. which exhibited re- 
markable activation of  SR Ca 2 +_ATPase activity. In this 
paper we describe the isolation and structure elucidation 
of  a new cyclic peroxide, plakorin (1), as a powerful 
Ca 2 +_ATPase activator. 

The SR Ca 2 +_ATPase was prepared from rabbit skeletal 
white muscle by the method of  Meissner et al. 9. The 
technique of  measurement of  the Ca 2 +_ATPase activity 
was carried out as previously described t o  The sponge 
Plakortis sp. was collected at Kerama Islands, Okinawa, 
and kept frozen until used. The methanol extracts of  the 
sponge were partitioned between ethyl acetate and water. 
The ethyl acetate soluble fraction was subjected to silica 
gel column chromatography (hexane/ethyl acetate, 4:1) 
followed by preparative silica gel TLC (hexane/ethyl ac- 
etate, 3:1). Plakorin (1) 1~ was obtained as a colorless oil, 
[cq~ v + 44.3 ~ (C = 0.2, C H C 1 3 )  , in 0.007 % yield (wet wt) 
together with but-3-enolide (2, 0.003 %). 

Me 0,"" ' \  0 ~ 0  
Me 0"'~',,,,,,,.....~ 0 0 M e 

1 2 



Research Articles Experientia 

The F A B M S  spec t rum of  1 showed a pseudomolecu la r  
ion at m/z 413 (M + + H), while the E IMS da ta  revealed 
a characterist ic  M-O2 peak at m/z 380. The molecular  
fo rmula  C24H4405 of  1 was established by the high-res- 
o lu t ion  F A B M S  (m/z 413.3273, M + + H, &0.6 nm).  The 
I R  spec t rum of  1 provided evidence for an  ester ca rbony l  
group  (1740 c m -  1). 

The ~H N M R  data  indicated the presence of  a long 
al iphatic  cha in  (6 1.26 brs, 28 H) with only  one te rmina l  
methyl  g roup  (3 0.89 t, H-22), two methoxy groups (3 
3.73 s, CO2CH3;  3 3.40 s, OCH3) ,  and  a Z - d o u b l e  b o n d  
(3 6.12, dd, J = 10.2 a n d  1.5 Hz, H-4;  3 5.86, dd, J = 10.2 
and  2.1 Hz, H-5). The par t ia l  s t ructure  C H / -  
C H ( O ) -  C H  = CH (C-2 to C-5) was deduced f rom anal-  
ysis of  the COSY spect rum in which the fol lowing cross 
peaks were observed:  H2-2 (3 2.51 and  2.62)/H-3 (3 
5.01); H-3 /H-4 ;  H-3 /H-5 ;  H-4/H-5.  The u n s a t u r a t i o n  
n u m b e r  (3) in  add i t ion  to these 1H N M R  data  indicated 
the presence of  a dioxene r ing in 1. This was fur ther  
subs tan t ia ted  by the 13C N M R  data  for the r ing ca rbons  
(3 73.5 d, C-3;  3 127.1 d, C-4 or C-5; 3 130.0 d, C-5 or 
C-4; 101.2 s, C-6). The ester ca rbonyl  (3 170.0 s, C - l )  was 
connected  to C-2, as shown by the chemical  shifts (6 2.51 
and  2.62) and  A B X  coupl ing  pa t te rns  of  H2-2. Both  the 
r emain ing  alkyl chain  C-7 ~ C-22) and  the methoxy  
group  (3 3.40 s) were a t tached to C-6 (101.2 s) to com- 
plete the s t ructure  of  p lakor in  (1). 
The spectral da ta  of  1 were all very similar  to those of  
chondr i l l in  12 isolated f rom the sponge Chondrilla sp. 
However ,  the p r o t o n  signals for H-2, H-3, and  H-4 of  1 
were a lmos t  ident ical  to those of  cyclic peroxides ~a (3 
2.62 and  2.52, H-2 ;  3 5.01, H-3;  3 6.12, H-4) isolated 
f rom the sponge Plakortis lita bu t  significantly different 
f rom those of  chondr i l l in  (3 2.93 and  2.26, H-2 ;  6 4.78, 
H-3;  3 6.18, H-4),  ind ica t ing  a stereochemical  difference 
in the dioxene r ing between 1 an d  chondri l l in .  This  was 
also suppor ted  by the 13C N M R  data  for the r ing car- 
bons  which were ident ical  for 1 and  the cyclic peroxides 
f rom Plakortis lita (3 73.5, C-3;  6 127.0 ~ 127.1, C-4 or 
C-5; 3 130.0 ~ 130.4, C-5 or C-4;  3 101.1 ~ 101.2, C-6) 
bu t  slightly different  for chondr i l l in  (3 73.7, 126.4, 129.2, 
and  100.5). These results suggest that  p lakor in  (1) as well 
as the cyclic peroxides f rom Plakortis lira have a config- 
u ra t ion  epimeric to chondr i l l in .  The  absolute  conf igura-  
t ion  of  the lat ter  at C-3 has been  assigned as S bu t  that  
at C-6 has r ema ined  u n k n o w n 1 2 .  The stereochemical  
ass ignment  for 1 is co inc ident  wi th  those of  the relative 
conf igura t ion  of  h o m o l o g o u s  cyclic peroxides based on  
p ro ton  coupl ings  (3j an d  4j) and  con fo rma t iona l  analy-  
sis 14 
The spectroscopic da ta  of  2 were all ident ical  to those 
of  (5R)-but -3-enol ide  14 isolated f rom the sponge 
Xestospongia sp. except for the value of  [c~] 25 - 51.3 ~ 
(C = 1.3, CHCla) ,  the sign of  which was opposi te  to 
that  of  the la t ter  ([c~]~ ~ + 80.3 o), bu t  was the same as that  
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of  (5S)-2-0xo-4-hydroxy-2,5-dihydrofuran-5-acet ic  acid 
([c~]~ ~ - 41.6~ 14. This  indicates  tha t  2 is (5S)-2-0xo-2,5- 
d ihydrofuran-5-ace t ic  acid methyl  ester, the enan t iomer  
of  the but -3-enol ide  f rom Xestospongia sp. 
P lakor in  1 (10-5  M)  act ivated SR Ca 2 +-ATPase  activity 
by 3 0 % ,  and  was abou t  ten times more  po ten t  than  
symbioramide  15 isolated f rom the symbiot ic  mar ine  di- 
no  flagellate Symbiodinium sp. in this assay. P lakor in  (1) 
m a y  provide a va luable  chemical  tool for s tudying the 
molecular  mechan i sm of  Ca 2 + t ranspor t  by  Ca 2 +-ATP-  
ase in the SR 1~ P lakor in  (1) also exhibited ant ineo-  
plastic activity 16 against  mur ine  l y m p h o m a  L1210 cells 
and  h u m a n  ep idermoid  ca rc inoma KB cells in vitro, 
with ICso values of 0.85 and  1.8 ~tg/ml, respectively. On  
the other  hand ,  but -3-enol ide  (2) showed inh ib i to ry  ac- 
t ivity on  ca lmodul in-ac t iva ted  bra in  phosphodies terase  
(iC50 = 3 x 10-5  M), a l though  2 also exhibi ted mi ld  po-  
t en t ia t i0n  of  SR Ca 2 +-ATPase  activity (17 % act iva t ion  
at 3 x 10 -5 M). 
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