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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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Skujins  e t  a1.1~ also no ted  the  res is tance of p h o s p h a t a s e  to 
i r rad ia t ion  (37% surv ived  19 Mrad) bu t  recorded an 
inac t iva t ion  coeff icient  in d ry  soil d i f ferent  f rom our 
figure (i.e. 0.05). 
The reasons for t h e  d i f ferent ia l  suscept ib i l i ty  of t he  
4 enzymes  are no t  resolved by  these  observa t ions .  
However ,  i t  is p e r t i n e n t  to suggest  t h a t  one or more  of 
the  following factors  have  relevance.  
a) The inheren t  s t ruc tu ra l  and  chemical  differences 
be tween  the  enzymes .  
b) The p ro tec t ion  af forded by  the  enzymes  extracel lu lar  
location.  Urease,  wi th  its soluble, low molecular  weigh t  
subs t r a t e  m a y  func t ion  f rom wi th in  the  soil organo-  
minera l  complexly,  and  be somewha t  less exposed to 
i r radia t ion.  /%1,3 glucanase,  on the  o the r  hand,  m a y  be 
associa ted wi th  the  ou te r  surfaces of the  colloidal organic 
ma t t e r .  
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Fig. 1. The effect of y-irradiation of dry soil on the activity of aryl- 
sulphatase ([]),/~-1,3 glucanase (0), ph osphatase (&) and urease (�9 
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Fig. 2. The effect of y-irradiation of Wet soil on the activity of aryl- 
sulphatase (D),fl-l,3 glueanase (O), phosphatase (A), and urease (�9 

c) E n z y m e s  m a y  be released f rom damaged  cells dur ing  
and af ter  i r radia t ion.  The magn i tude  of th is  will be 
inf luenced by  the  t y p e  of microbial  cell, the  p r e d o m i n a n t  
locat ion of the  enzymes  wi th in  t h a t  cell, and the  level of 
i r radiat ion.  Per ip lasmic  enzymes  (e.g. phosphatase)  m a y  
be more  suscept ib le  to leakage t h a n  are cy top lasmic  
enzymes  (e.g. a ry l su lpha tase  and  urease). If  the  reIeased 
enzymes  are n o t  immed ia t e ly  dena tu red ,  i r radia ted  soils 
m a y  even show an increase in activity16,17 
d) I r rad ia t ion  m a y  different ia l ly  change the  pe rmeab i l i ty  
of in t ac t  cell m e m b r a n e s  (or select ively e l iminate  t rans -  
po r t  mechanisms)  t hus  al lowing some subs t ra tes  to en te r  
the  cell and excluding  others,  Whi l s t  our assays do no t  
measure  subs t r a t e  t u rnove r  due to  microbial  g rowth  
(NaN 3 and /o r  shor t  incubat ion  time) some diffusion of 
subs t r a t e  in to  metabol ica l ly -ac t ive  ye t  genet ica l ly- la ten t  
or -mor ibund  cells can occur 16. 
e) I r rad ia t ion  m a y  produce  or release organic molecules 
which  inh ib i t  some enzymes.  

I t  was not iceable  t h a t  all 4 enzyme controls  (no subst ra te)  
increased wi th  i r radia t ion  ; mos t  d ramat ica l ly  in the mois t  
soils (figure 3). A p p a r e n t  increases in a ry lsu lphatase  and  
phospha t a se  ac t iv i t ies  can be accounted  for b y  the  
solubil izat ion of humic  mater ia l s  TM which,  in turn,  give 
art if icial ly-high readings  dur ing  the  spec t ropho tomet r i c  
d e t e rmi n a t i o n  of p -n i t rophenol .  
Wi th  the  /~-1,3 glucanase controls  it  is probable  t h a t  
i r radia t ion  releases glucose f rom sugar po lymers  (in bo th  
humic  m a t t e r  and  microbial  biomass) and t h a t  th is  
p h e n o m e n o n  becomes  more  p ronounced  wi th  increasing 
dosages. In  addi t ion ,  the  indigenous  subs t r a t e  level 
m a y  increase due  to  cell lysis. 
In  the  case of urease some i r rad ia t ion- induced  deamina-  
t ion of humic  m a t t e r  m a y  occur x9 especial ly fulvic acids 20. 
P ro te ins  and nucleic acids f rom lysed cells ~1,~ m a y  be 
mineral ized whi ls t  subsequen t  oxida t ion  of ammo n i a  will 
be res t r ic ted  due to the  d e a t h  of the  nitrifiers. All these  
factors  will t end  to  increase the  a m m o n i u m  levels in t he  
controls .  Less l ikely (because of our use of K~CO 3 at  the  
comple t ion  of t he  assay per iod ~) is the  exchange  of 
adsorbed  NH4+ for H+ produced  by  ionizat ion of water .  
A change in t he  accessibi l i ty  of the  enzymes  m a y  also 
occur if i r rad ia t ion  al ters  the  humic  mater ia l  wi th  which  
t h e y  are associated.  
Inc iden t ia l ly  y- i r radia t ion  is of ten  p resen ted  as a less 
ha r sh  m e t h o d  of steri l izing soil t h a n  autoclaving.  This  
m a y  well be so a t  low rad ia t ion  levels bu t  out  soils which 
received 20 and  50 Mrad showed a considerable  decline 
in aggregate  size - possibly due to the  depolymer iza t ion  
of the  organic mater ia l s  which hold the  p r i ma ry  par t ic les  
toge the r  23 _ and  a not iceable  h y d r o p h o b i c  tendency .  
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Fig. 3. The effect of y-irradiation on the activity in wet soils of no- 
Substrate controls: arylsulphatase (•); fl-1,3 glucanase (0); phos- 
phatase (&) and urease (O). Vertical axes represent the increase in 
level of activity as a factor of the control for arylsulphatase, phos- 
phatase and urease (left hand axis) and/~-1,3 glueanase (right hand 
axis). 
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