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Stress  has been r e p o r t e d  to a c c e l e r a t e  p ro t e in  c a t a b o l i s m  in man and 
an imals  and as a resu l t  one can e x p e c t  to obse rve  changes  in c e r t a i n  amino  
ac ids  pools of t he se  organisms  (NICHOL and ROSEN 1963). The leve ls  of 
s p e c i f i c  f r ee  amino ac ids  (FAA) in mol luscs  have been r e p o r t e d  to f l u c t u a t e  
as  a funct ion  of  env i ronmen ta l  s t r e s s .  3EFFRIES (1972) has shown a change  
in the  n tolar r a t io  of t au r ine  to g lyc ine  in M e r c e n a r i a  m e r c e n a r i a  f rom a 
po l lu ted  e s tua ry .  The change  in t a u r i n e  to g lyc ine  r a t i o  was a r e su l t  of both  
an inc reased  c o n c e n t r a t i o n  of t a u r i n e  and a d e c r e a s e d  c o n c e n t r a t i o n  of 
g lyc ine .  In ano ther  mol lusc ,  the  c lam P r o t o t h a c a  s t a m i n e a ,  ROESI3ADI 
(1979) found no change in t au r i ne  c o n c e n t r a t i o n  but  a d e c r e a s e  in the  f r e e  
g lyc ine  leve l  fo l lowing l ong - t e rm  exposure  to ch lor ine  in s e a w a t e r .  Work on 
C r u s t a c e a  (GOULD et  al .  1976) s t r e s sed  with cadmium ch lor ide  has shown 
tha t  the  a c t i v i t y  of the  p ivo ta l  e n z y m e  a s p a r t a t e  a m i n o t r a n s f e r a s e  (AAT) in 
the  s t r e s sed  an imals  was i nc r ea sed  s ign i f i can t ly  over  t h a t  of the  c on t ro l  
group.  GOULD and his a s s o c i a t e s  i n t e r p r e t  this  as a me thod  of p o t e n t i a l l y  
provicling the  e x t r a  energy  neces sa ry  to w i th s t and  cadmium s t r e s s .  AAT 
a c t i v i t y  also has been found to i nc rea se  in newly ha t ched  brook t r o u t  in 
response  to cadmium and me thy l  m e r c u r y  s t r e s s  (CHP, ISTENSEN 1975). In 
each  case  a t  l eas t  a t e m p o r a r y  change  in g l u t a m a t e  l eve l  as  well  as the  
leve ls  of o the r  FAA' s  would be e x p e c t e d  to resu l t  fo l lowing the  i nc rea se  in 
AAT a c t i v i t y .  In f a c t ,  MEHRLE and BLOOMFIELD (1974) showed tha t  
fo l lowing 240 days  of exposure  to d ie ldr in ,  the  bra ins  of brook t rou t  had a t  
l eas t  a doubling in the  c o n c e n t r a t i o n  os f r ee  g l u t a m a t e  as well  as a s p a r t a t e ,  
g lycine ,  pro l ine ,  and a lanine .  

In the  p r e sen t  s tudy ,  the  Gulf  Coas t  sea  anemone ,  Bunodosoma 
c a v e r n a t a ,  was used as the  t e s t  an ima l  and f r ee  amino  ac id  leve ls  of whole 
an imals  were  measu red  fo l lowing s t r e s sed  condi t ions .  Sea anemones  were  
chosen as  the  t e s t  an imals  s ince  they  are  sess i le  and, due to the  na tu re  of 
the i r  morphology ,  they  have few mechan i sms  by which they  can e scape  
e n v i r o n m e n t a l  s t ress .  The an imals  were  exposed  to sub le tha l  c o n c e n t r a t i o n s  
of the  me t a l s ;  m e r c u r i c  ch lo r ide  and cadmium ch lo r ide  and the  o rgan ic  
amines ;  ani l ine ,  d ie thano l  amine  (DEAl and e t h y l e n e  d i a mine  (EDA), Chlo-  
r ide  sa l t s  of m e r c u r y  and cadmium were  chosen r a t h e r  than  o the r  anions  
s ince  ch lor ide  is the  most  abundan t  anion in s e a w a t e r .  These  two  p a r t i c u l a r  
m e t a l s  were  chosen as cha l l enge  compounds  due to  t he i r  high t o x i c i t y  in 
aqua t i c  sys t ems .  The t h r e e  o rgan ic  amines  were  chosen for  the i r  r e l a t i v e l y  
high w a t e r  so lub i l i ty  and low vapor  p ressu re  in an aqueous  so lu t ion  thus  
insuring t h a t  t he  toxic  compound is r e t a i n e d  in the  t e s t  so lu t ion .  Since 
o rgan ic  amines  a re  used e x t e n s i v e l y  in the  Gulf  Coas t  indus t r i a l  c omp le x  
(HAHN 1970), t h e r e  is a high p r o b a b i l i t y  of t he se  compounds  c o n t a m i n a t i n g  
the  mar ine  env i ronmen t .  
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MATERIAL AND METHODS 

Sea anemones were col lec ted  off the je t t i es  in Galveston,  Texas and 
were acc l imated  in the labora tory  for a t  least  two weeks in a r t i f i c i a l  
seawater  (Instant Ocean) at  26 o/oo sal ini ty  prior to exper imenta t ion .  They 
were fed minced clams a t  biweekly intervals .  All toxic exposures were 
performed at  room t empera tu re  in one l i ter  glass beakers  with 500 ml of 26 
o/oo seawater  to which the substances were added at  ca lcula ted  sublethal  
doses. Water was changed daily and ae r a t ed  throughout the exposure period. 

Sublethal exposure level for each of the five tes t  compounds were 
determined by f irst  performing acute  l e tha l i ty  assays and then reducing the 
quant i ty  of the tes t  substance to the concen t ra t ion  at which the anemones 
were able to survive one week and return to normal a f te r  the tes t  substance 

++ l was removed.  The concen t ra t ions  used were 1.2 ppm Hg as HgC ~) 7 ppm 
. . . .  J '  

Cd ++ as CdCI2) 50 ppm ethylene diamme, 150 ppm dtethanolamine and 500 
ppm aniline. 

Animals were exposed either for 24 hoars or 7 days under the test 
conditions. Following exposure to the tox ic  substances each anemone was 
frozen and lyophololyzed for dry weight determination. The dried animals 
were cut up and homogenized in water to which norleucine had been added 
as an internal standard. The quant i ty of norleucine added was based on the 
dry weight of each animal.  Following homgenization~ 50% cold t r ichloro-  
ace t i c  acid (TCA) was added to make a final concentra t ion of 10% TCA to 
p rec ip i t a t e  the macromolecules .  Af ter  cent r i iugat ion  a t  15,000 x g the 
supernatant  containing the FAA fract ion was ex t r ac t ed  in ether to remove 
the TCA and then lyopholyzed. The FAA lyopholyzate  was diluted in 0.1 N 
HCI for analysis on an Amino Aminalyzer  using a 2.5 hour c i t r a t e  buffer 
system. Quanti t ies  of each amino acid were determined with a f lourescence 
de tec to r  a f t e r  react ion with orthophthaldialdehyde.  Significance of d i f fer -  
ences between means was determined by t - t e s t  for independent means, 

RESULTS AND DISCUSSION 

Since taurine, glycine, alanine, glutamate, and aspartate make up 
92% of the tota l  FAA pool in B. cavernata only these f ive amino acids w i l l  
be discussed in relat ion to responses to environmental stress. The remaining 
amino acids are present in such low concentrations that  even i f  they 
underwent s ta t is t ica l ly  signif icant changes in concentration only a minimal 
e f fec t  would be observed by the animal. The most not ic ible response of the 
anemones to heavy metal  t ox i c i t y  is the 50% increase in free glutamate 
concentration during the f i r s t  24 hours of exposure fol lowed by a continued 
increased over a week unt i l  the concentration is 3 to t~ t imes that  of the 
control  animals (Table I). Alanine also shows a 50% increase over the 7 day 
duration of the experiment. 

As can be seen in Table II, the reaction of B. cavernata to stress from 
organic amines is s imi lar  to the response to heavy metals, only more 
extensive. Free glutamate shows a 50 to 150% increase in the f i rs t  24 hours 
and by 7 days has increased 3 to 4 fold over that of the control animals. 
Animals show a greater increase in free alanine levels fol lowing t reatment  
with ethylene diamine and diethanolamine than anil ine, mercury, or cad- 
mium. 
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The most consistent and significant change observed following sub- 
lethal toxic stress is that  of increased levels of free glutamate.  This is in 
agreement with data shown by MEHRL and BLOOMFIELD (1974) in their 
study on ammonia detoxification mechanisms in dieldrin t reated trout. They 
found a doubling of the brain Iree glutamate~ which alone makes up 52-54% 
ol the the brain FAA pool, as well as significant increases in aspartate and 
alanine. These changes occurred in combination with a decrease in brain 
glutamate dehydrogenase (GDH) activity suggesting a disruption in ammonia 
detoxification mechanisms in trout stressed in dieldrin. While glutamate 
levels were not specifically measured, GOULD et ah (1976) demonstrated in 
rock crabs and CHRISTENSEN (1975) showed that  in newly hatched trout 
AAT activity increased significantly during heavy metal t reatments .  This 
increase in act ivi ty could potentially result in increased concentrations of 
glutamate. Thus the suggestion of increased utilization of proteins as an 
energy source in stressed animals (NICHOL and ROSEN 1963) combined 
with the increased activity of AAT and decreased activity of GDH could 
easily result in increased levels of free glutamate. This then suggests that 
free glutamate levels at least in some animals may be a much bet ter  
indicator of polluted environments than either glycine levels or a glycine to 
taurine ratio. 

While Iree glycine in B. cavernata generally shows a reduction in 
concentration in response to sublethal doses of heavy metals or organic 
amines, its usefulness in indicating stress responses in anemones is doubtlul 
since there is a tremendous variation in free glycine values lrom animal to 
animal. This is apparently a seasonal response since control animals 
collected in the winter have an average of 12.5 + 3.2 ~ moles glycine/g dry 
weight compared to 22.2 + 13.2 tamoles glycine/g dry weight for animals 
collected in the fall and 66.0 L 18.0 la moles glycine/g dryweight for animals 
collected during the summer months (KASSCHAU, unpublished observa- 
tions). Large seasonal variations in Iree glycine levels have also been 
observed in the barnacle, Balanus balanoides (COOK et al. 1972) and the 
seastar, Echinaster modestus (FERGUSON 1975). The taurine levels in B. 
cavernata, however, remained relatively consistent throughout all the toxic 
exposure conditions. 

Thus, Ior anemones i t  appears t ha t  not only are changes in the 
glycine:taurine ratio as suggested by 3EFFRIES (1972) inappropriate indi- 
cators ol environmental stress, but also drawing conclusions about stress 
based on a reduction in Iree glycine levels alone as suggested by ROESI3ADI 
(1979) is invalid due to the very high variability in individual glycine 
concentrations. However, in this sessile group of animals with no apparent 
mechanisms to reduce environmental stress, increases in the concentration 
ol free glutamate is a good metabolic indicator of a response to a number oI 
toxic compounds. Glutamate levels are not only very consistent Irom 
animal to animal within each experimental group as is exemplitied by the 
low standard error values, but the absolute increase in concentration under 
sublethal stress from a number ol diIIerent compounds is very consistent 
and well above the baseline level. 
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