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Summary.  A new pyr ro lo te rpene ,  molliorin-c (III) ,  has  been  isolated f rom the  sponge Cacospongia mollior. St ruc tu re  
I I I  was assigned to moll iorin-c on spect ra l  grounds  and conf i rmed by  synthes is .  

The mar ine  sponge Cacospongia mollior was previous ly  
shown  to con ta in  2 scalarin-l ike pyr ro lo te rpenes ,  mol- 
l iorin-a (I) 2 and  moll ior in-b (II) 3. I t  was also hypo thes i zed  
t h a t  these  c o m p o u n d s  or iginate  b iogenet ica l ly  f rom 
meva lona t e  and an amino acidic precursor .  
We now repor t  the  occurrence in the  same mar ine  
o rgan i sm of a fu r the r  pyr ro lo te rpene  componen t ,  m o l -  
liorin-c (III) ,  which  differs f rom moll ior in-a only  in the  
a l iphat ic  chain  l inked to  the  pyrrol ic  n i t rogen.  
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E x t r a c t i o n  of f resh mate r ia l  * (500 g, d ry  weigh t  af ter  
ex t rac t ion) ,  carr ied ou t  as prev ious ly  descr ibed S, and a 
subsequen t  combina t ion  of SiO 2 co lumn and  TLC, re- 
sul ted  in t he  isolat ion of a colourless amorphous  solid (III) 
105 mg,  Vmax (CHC13) 6 1735 and  1240 cm -1, '~max (EtOH) 7 
257 nm,  e 11900, [~]D -46 .9~ (C 0.9; CHC13). 
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High resolut ion mass  s p e c t r o m e t r y  8 of  I I I  es tabl ished 
the  formula  C31H47NO2 (found 1V[+ 465.3602; C31H4~NO ~ 
requires  465.3607), wi th  ma jo r  ions a t  m/e  450 (M+-CH3), 
423 (M + -C3He) , 405 (M + -CHsCOOH),  390 (M + - C H  3 
-CHaCOOH),  363 (M + -CH3COOH-C3H6)  , 191 ( f ragment  
a -H) ,  188 ( f ragment  b + H) (figure). 
The 90 MHz XHNMR-spectrum9 showed the  following 
resonances :  6 0.63 (6 H, d, J 7 Hz), 0.84 (3H, s), 0.96 
(3H, s), 1.08 (3H, s), 1.27 (3H, s), 1.90 (3H, s), 3.12 (2H, 
d, J 7 Hz), 5.51 (1H, m, H-C12), 5.68 (1H, dd, J 10 and 
2 Hz),  6.27 and  6.32 (1H each, bs, H-C10 and H-C20), 
6.75 (1H, dd,  J 10 and 3 Hz, H-C16 ). 
The f r a g m e n t  ions a t  423 and 363 m/e  in the  mass  
spec t rum of I I I  ind ica ted  the  presence of a C 4 uni t  

1 This investigation was supported by a grant of the Consiglio 
Nazionale delle Ricerche, Rome. 

2 F. Cafieri, L. De Napoli, E. Fattorusso, C. Santacroce and D. 
8ica, Tetrahedron Lett. 1977, 477. 

3 F. Cafieri, L. De Napoli, E. Fattorusso and C. Santacroce, Ex- 
perientia 33, 994 (1977). 

4 Sponges, collected in the bay of Taranto, were obtained by Sta- 
zione di Biologia Marina del 8alento, Porto Cesareo, Italy. 

5 F. Cafieri, L. De Napoli, E. Fattorusso, C. Santacroce and D. 
Sica, Gazz. Chtm. ital. 107, 71 (1977). 

6 IR-spectra were recorded.on a Perkin-Elmer 157 instrument. 
7 UV-spectra were recorded using a Perkin-Elmer 402 instrument. 
8 Mass spectra and accurate mass measurements were obtained 

with an AEI MS 902 spectrometer, using the direct inlet tech- 
nique. 

9 NMR-spectra were taken in C~D 6 on a Perkin-Elmer R 32 ap- 
paratus (internal reference TMS, multiplicities are indicated by 
the usual symbols). 

10 A.M. Duffield, R. Beugelmans, H. Budzikiewicz, D. A. Lightner, 
D. H. Williams and C. Djerassi, J. Am. Chem. Soc. 87, 805 (1965). 

11 G. Cimino, S. De Stefano and L. Minale, Experientia 30, 846 
(1974). 

AcO CliO ~ .CHO 

IV 

Ac~ ~ N- cH2- cH2- cHz- cH2- N "-'-'~ OAc 

II 



15.3. 1978 Specialia 301 

l inked to  the  pyrrol ic  n i t rogen  TM. This uni t  was shown 
to be CHICH(CH3) 2, on the  basis of sp in-decoupl ing  
exper imen t s :  i r radia t ion  at  ~ 1.79 simplif ied the  doub le t  
a t  d 3~12 into a s inglet  and  caused collapse of the  doub le t  
a t  ~ 0.63 to a sha rp  singlet.  
The spect ra l  d a t a  of I I I ,  consider ing those  of molliorin-a,  
led us t e n t a t i v e l y  to assign s t ruc tu re  I I I  to the  c o m p o u n d  
under  inves t igat ion.  Conf i rmatory  evidence for th is  

s t ruc tu re  was p rov ided  b y  synthes is :  condensa t ion  of 
scalaradial  ( I V ) n  wi th  2 -me thy lp ropy lamine  gave I I I  in 
good yield, ident ical  in all respects  wi th  the  na tu ra l  
p roduc t .  
Molliorin-c represen ts  an o t h e r  example  of mixed  bio- 
genesis and  m a y  be formal ly  considered to be der ived  
by  a combina t ion  of a ses te r te rpenoid  moie ty  and  the  
i sobu thy lamine  arising f rom valine by  loss of CO v 
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Summary. Arylsulphatase ,  /5-1,3 glucanase, p h o s p h a t a s e  and urease responded  d i f ferent ly  to y- i r radia t ion (5-50 Mrad) 
in air-dried and mois t  soils. In  all ins tances  phospha t a se  was the  mos t  stable.  The var iab i l i ty  be tween  enzymes  m a y  be 
due to inhe ren t  b iochemical  and s tuc tura l  charac te r i s t ics  or to their  locat ion wi th in  the  soil mic roenv i ronment .  

The value of y- i r radia t ion in the  s t u d y  of soil microbiology 
and b iochemis t ry  has been discussed at  l eng th  by  Cawse 1 
and McLaren 2. A major  different ia l  a d v a n t a g e  of th is  
t echnique  is t h a t  doses of ~ 5 Mrad can e l iminate  
microbial  prol i fera t ion whi ls t  still al lowing col lo id-bound 
enzymes  to funct ion.  Higher  levels of i r radia t ion  will 
progress ively  dena tu re  soil enzymes.  The p ro tec t ive  
character is t ics  of soil organic and inorganic colloids on 
extracel lular  enzymes  has  been reviewed by  m a n y  a-5, 
and includes res is tance to t e m p e r a t u r e  ex t remes ,  s torage,  
and proteolysis  as well as i r radiat ion.  There  is l i t t le 
doub t  t h a t  the accumula ted  and pers i s ten t  soil enzyme  
f rac t ion is crucial to the  mineral iza t ion of organic mat te r .  
The work repor ted  in this  paper  i l lustrates  the  di f ferent ia l  
s tab i l i ty  of 4 soil enzymes  when  subjec ted  to a range of 
y- i r radia t ion doses. In addi t ion,  some suggest ions  are 
made  to account  for the  differences.  
Materials and methods. A silt loam soil ( <  2 mm) was 
used for all exper iments .  I t scharac te r i s t i cs ,  fu l lydescr ibed  
elsewhere 6, were: sand 16%; silt 64%;  clay 20%;  organic 
m a t t e r  5.4% ; c.e.c. 14.8 m E q .  100 g soi l - l ;  pH  5.4; w.h.c. 
0.72 ml �9 g soil -1. 
Soil samples  (25 g) e i ther  air-dried or a t  field wetness  
(29% w.h.c.) were sealed in po lye thy lene  bags and  sub- 
jec ted  to 5, 10, 15, 20 or 50 Mrad doses of ) , - irradiat ion 
(approx. 4 Mrad �9 h -1) a t  the  A E R E  Harwel l  Fuel  P o n d  
Assembly.  Pr ior  and  subsequen t  to i r radia t ion  soils were 
s tored at  4 ~ Control  soils were also sealed and refriger- 
a ted  bu t  did no t  receive i r radia t ion  t r e a t m e n t .  
Ary l su lpha tase  and  phospha t a se  were assayed using p- 
n i t ropheny l  es ter  subs t ra tes  7; /5_ 1,3 glucanase using lami- 
nar in  8; and urease after  the  m e t h o d  of P e t t i t  et  al. 9 bu t  
using 0.5 M t r i s -malea te  buffer  (pH 7.0) and adding  0.5 
ml  AgSO 4 (10 mM) to t e rmina t e  the  react ion.  All the  
act ivi t ies  p lo t t ed  in figures 1 and 2 a t  the  means  of a t  
least  3 replicates,  SD: a ry l su lpha tase  2.5~ /5-1,3 
glucanase 6 .5%;  p h o s p h a t a s e  6.1~ urease 3.0%. 
Results and discussion. F r o m  figures i and 2 it can be seen 
t h a t  in b o t h  the  d ry  and wet  soil p h o s p h a t a s e  was the  
mos t  res i s ten t  enzyme to y- irradiat ion.  F r o m  this  da t a  
the  levels of i r radia t ion  requi red  to induce a 90~ loss in 
ac t iv i ty  were a) in the  d r y  soil: phospha t a se  48 Mrad;  
urease 19.5 Mrad ; ~5-1,3 glucanase 18 Mrad ; a ry l su lpha tase  
14 Mrad;  b) in the  wet  soil: phospha t a se  29 Mrad;  /5-1,3 
glucanase 15 Mrad;  a ry l su lpha tase  9 Mrad;  urease 7 Mrad. 
Following 50 Mrad t r e a t m e n t  7.5~ of the  p h o s p h a t a s e  

ac t iv i ty  survived in the  d ry  soil (next  bes t  was urease 
w i th  2.7%) ; 3.1% in the  wet  soil (a l lo thers  zero). Ramirez -  
Mar t inez  and  McLaren  n found  t h a t  p h o s p h a t a s e  was 
inac t iva ted  more  r ap id ly  in wet  t h a n  dry  soil and it is 
well known t h a t  the  rad io-sens i t iv i ty  of microorganisms  
as well as enzymes  genera l ly  increases in wet  soil 12 due, 
in par t ,  to the  reac t ive  free radicals  (OH, H, HO~) pro-  
duced  when wa te r  is ionizedla,  14. Skujins  et  al. '~ have  
descr ibed an inac t iva t ion  coeff icient  (k) for enzymes :  
N/No e -kD where N = ac t iv i ty  a t  i r rad ia t ion  dose D 
and  No ac t iv i ty  of non i r rad ia ted  soil. Using a graphica l  
r ep resen ta t ion  of equa t ion  (1) the  c o m p u t e d  values  of 
k in d ry  soil were a ry l su lpha tase  0.031 (correlat ion 
coeff icient  r = 0.99); /5-1,3 glucanase,  0.020 (r = 0.96); 
p h o s p h a t a s e  0.009 ( r -  0.99); urease 0.024 (r = 0.89). 
The equiva len t  values in wet  soil were:  a ry l su lpha tase  
0.049 (r 1.0); /3-1,3 glucanase 0.027 ( r -  1.0); phos-  
p h a t a s e  0.019 (0.97); urease 0.042 (0.99). 

N - k  D (1) 
l~176 o 2.303 
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