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ABSTRACT

Warm and co ld  a cc lim a ted  M. a ren a r ia  were tr a n sfe r r e d  from sea  

w ater o f  20 ° /o o  s a l i n i t y  to  sea  w ater o f 30 ° /o o  s a l i n i t y  a t  8 , 18 

and 25 C. The observed accum ulation  o f NPS was not l in e a r  in  r e la t io n  

w ith  tim e and a th ree  component p ro cess  in  th e  accum ulation  o f NPS i s

proposed . The tim e la g  betw een two o f  th e  components produced a change

in  th e  r a te  o f  NPS accum ulation  around th e  36th  hour. The in c r e a se  in

a la n in e  c o n c e n tr a tio n  accounted  fo r  80 to  90 % o f  th e  observed  NPS

in c r e a s e .  The h igh  c o r r e la t io n  betw een th e  d ecre a se  in  a s p a r t ic  a c id  

and th e  in c r e a se  in  a la n in e  in d ic a te s  a  d ir e c t  r e la t io n s h ip  in  th e  form­

a t io n  o f  a la n in e  from a s p a r t ic  a c id .  The ra te -tem p era tu re  fu n c t io n s  o f  

NPS accum ulation  were not th e  typ e  exp ected  fo r  warm and co ld  a cc lim a ted  

p o ik ilo th e r m s . The r e v e r se  t r a n s la t io n  p a tte r n  o f th e  ra te -tem p era tu re  

cu rves in d ic a te s  th a t warm a cc lim a ted  an im als can accum ulate NPS a t  a 

g rea te r  r a te  than  th e  c o ld  a cc lim a ted  o n es . The c o n c lu s io n  made from  

data  ob ta in ed  through th e  use o f  tem perature as an environm ental v a r i ­

a b le  i s  c o n s is t e n t  w ith  th e  h y p o th e s is  th a t an enzyme system  m ed iates th e  

supply  o f  amino a c id s  fo r  is o sm o tic  in t r a c e l lu la r  r e g u la t io n .



THE EFFECT OF TEMPERATURE ON SALINITY-INDUCED CHANGES 

IN THE FREE AMINO ACID POOL OF MYA ARENARIA



INTRODUCTION

The p a r t ic ip a t io n  o f sm all organ ic m o lecu les  in  iso sm o tic  in t r a ­

c e l lu la r  r e g u la t io n  o f  many marine in v e r te b r a te s  was review ed  by F lo rk in  

and S c h o f fe n ie ls  (1 9 6 5 ) . They p o in ted  out th a t ,  in  marine in v e r te b r a te s ,  

th e  in t r a c e l lu la r  in o rg a n ic  io n  c o n c e n tr a tio n  i s  lower than th e  e x tr a ­

c e l lu la r  c o n c e n tr a tio n  and th a t th e  b a la n ce  o f  o s m o t ic a lly  a c t iv e  

m a te r ia ls  le a d in g  to  an iso sm o tic  c o n c e n tr a tio n  m ainly c o n s is t s  o f  

organ ic  n itr o g e n  compounds. A c o r r e la t io n  betw een fr e e  amino a c id s  

(FAA) and ambient s a l i n i t y  c o n s is t e n t  w ith  th e  r o le  o f  FAA in  osmoregu­

la t i o n  has been shown under la b o ra to ry  c o n d it io n s  (F lo r k in  and S c h o f f e n ie ls ,  

1 9 6 5 ). T h is c o r r e la t io n  does not appear to  be a la b o ra to ry  a r t i f a c t  

s in c e  h igh  c o n c e n tr a tio n s  o f  t o t a l  FAA in  C ra sso strea  v ir g in ic a  c o r r e s ­

pond to  h igh  n a tu ra l environm ental s a l i n i t i e s  (Lynch and Wood, 19 6 6 ).

The sou rce o f FAA and th e  mechanism fo r  t h e ir  accum ulation  has 

been w id e ly  d is c u s s e d . On th e  b a s is  o f work done on E r io ch e ir  s in e n s i s , 

S c h o f fe n ie ls  (1960) concluded  th a t th e  o sm o tic a lly  a c t iv e  amino a c id s  

a re  o f  in t r a c e l lu la r  o r ig in  and th a t  th e  environm ental osm otic  p ressu re  

per s e  i s  not r e s p o n s ib le  fo r  th e  amino a c id  co n c e n tr a tio n ; Na or K i s  

n ecessa ry  fo r  th e  accum ulation  p r o c e s s . P o s s ib le  so u rces  o f  FAA are:

(1 ) FAA a re  a c t iv e ly  taken  up from th e  e x te r n a l medium, (2 ) a  g rea ter  

p ercen ta g e  o f  FAA and n itro g en o u s  m a ter ia l norm ally ex c r e te d  or r e le a se d  

i s  r e ta in e d , (3 ) th e  FAA are  o b ta in ed  from th e  d ig e s t iv e  t r a c t  and, (4 )  

oth er FAA p o o ls  c o n tr ib u te  to  th e  FAA poo l in v o lv e d  in  iso sm o tic  in t r a ­

c e l lu la r  r e g u la t io n .
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The e f f e c t  o f tem perature on th e  FAA poo l o f  marine an im als i s  

r e l a t i v e l y  unknown. Duchateau and F lo rk in  (1955) rep orted  for  E r io ch e ir  

s in e n s is  a d ecrea se  in  p r o lin e  a t  2 -3  C e ls iu s  (C) when compared to  th e  

same s p e c ie s  k ep t a t 10 C. More r e c e n t ly ,  Anders e t  a l .  (1962) found 

th a t  a  tem perature change from 28 C to  22 C caused a r i s e  in  th e  le v e l  

o f  t i s s u e  amino a c id s  fo r  th e  f i s h  P la ty p o e c ilu s  and X iphophorus. Rao 

(1963) found th a t th e  b lood  o f  th e  fr e sh  w ater m u ssel, L am ellid en s  

m a r g in a lis , showed an in c r e a se  in  t o t a l  amino a c id s  a f t e r  warm a c c l i ­

m ation (35 C) compared to  co ld  a cc lim a ted  (20 C) o n es . Saroja  and Rao 

(1965) rep orted  th a t th e  body f lu id  FAA in  th e  earthworm Lampito m a u r it i i  

showed a d ecre a se  o f 1 42 .3  % in  warm a cc lim a ted  anim als (35 C) when com­

pared to  an im als k ep t a t  normal c o n d it io n s  (28 C ).

The purpose o f  t h i s  r e sea r ch  vas to determ ine th e  e f f e c t  o f  temp­

er a tu r e  on th e  tim e cou rse  o f  th e  in c r e a se  o f FAA caused by an in c r e a se  

in  s a l i n i t y .  The experim ents a r e  d esign ed  to  perm it c h a r a c te r iz a t io n  o f  

th e  ra te -tem p era tu re  fu n c tio n s  accord in g  to  Precht (1958) and P rosser  and 

Brown (1 9 6 1 ) . The d e term in a tio n  o f  tem perature e f f e c t s  on 18 id e n t i f i e d  

axUino a c id s  found in  Mva a ren a r ia  L inne may a ls o  h e lp  e lu c id a te  th e  

m echanism .of accum ulation  o f FAA in  a more d e f in i t i v e  manner.



METHODS AND MATERIALS

Anim als

Specimens o f  Mya a ren a r ia  were c o l le c t e d  from a s in g le  in t e r t id a l  

m u d -fla t on th e  York R iver (V ir g in ia ) .  At the tim e o f  c o l le c t io n  

(Septem ber 1 9 6 7 ), w ater tem peratures ranged from 20 to  23 C. One 

hundred and n in e ty  anim als were s e le c t e d  fo r  s i z e  u n ifo rm ity  (62 + 6 mm) 

and kept in  a la b o ra to ry  ta b le  o f  running sea  w ater w ith  a s a l i n i t y  o f

2 0 .4  + 0 .2  ° /o o  and a tem perature o f  2 1 .0  + 1 .0  C fo r  8 days p r io r  to  

tem perature a c c lim a t io n .

Two groups o f  an im als were kept a t  25 C and 8 C fo r  8 days and, 

in  regard to  t h e ir  g en era l m etabolism , are r e fe rred  to  as warm and co ld  

a c c lim a te d . A cc lim a tio n  i s  v i r t u a l ly  com plete fo r  most a q u a tic  anim als  

in  a few days (P ro sser  and Brown, 1961, p . 2 4 2 ) . Experim ents c o n s is te d  

o f  p la c in g  warm and co ld  a cc lim a ted  anim als in  g la s s  b a tte r y  ja r s  con ­

ta in in g  30 ° /o o  n a tu ra l sea  w ater a t  tem peratures o f  2 5 , 18 and 8 C. 

Samples were taken  every  12 hours o f  th e  experim ent fo r  a d u ra tion  o f  

60 to  84 h ou rs. Other groups o f  M. a ren a r ia  were kept a t  tem peratures  

o f  30 , 20 and 8 C fo r  v a r io u s  le n g th s  o f  tim e. These groups su p p lied  

a d d it io n a l in form ation  and served  as  exp erim en ta l c o n tr o ls .  Table I  

summarizes the a c c lim a t io n , exp er im en ta l and c o n tr o l c o n d it io n s .

Every 12 hours during th e exp erim en t, th e an im als were g iv en  a 

m ixture o f  a lg a e  c o n s is t in g  o f  M onochrysis, I so c h r y s is  and Phaeodactylum . 

Continuous a e r a t io n  and d a i ly  changes- o f  sea  w ater  p revented  an e x c e s s iv e  

buildup  o f  w aste  p ro d u cts.
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T issu e  P rep ara tion  

Two p o r tio n s  o f  th e  a n te r io r  adductor m uscle were d is s e c te d  from  

M. a r e n a r ia . One p o r t io n , c a . 120 mg, was b lo t t e d ,  w eighed , d r ied  a t  

90 C fo r  60 hours ( to  c o n sta n t w e ig h t) , and rew eighed  to  determ ine th e  

w ater c o n te n t . The o th er p o r tio n  ( < 1 0 0  mg) was b lo t t e d ,  w eighed , and 

p la ced  in  2 ml o f 80 % e th a n o l to  e x tr a c t  th e  n in h yd rin  p o s i t iv e  sub­

s ta n c e s  (Awapara, 1 9 4 8 ) . The per cen t w ater co n ten t ob ta in ed  fo r  one 

p o r t io n  o f  th e  adductor m uscle was used to  c a lc u la t e  w ater co n ten t and 

dry w eigh t fo r  th e  e x tr a c te d  t i s s u e .

N inhydrin  P o s i t iv e  Substances (NPS)

NPS were determ ined from an a l iq u o t  (0 .1  ml) o f  th e  eth a n o l 

e x tr a c t  by th e  method d escr ib ed  by C lark (1 9 6 4 ) . Each d eterm in a tio n  

was done in  d u p l ic a te .  A standard  o f g ly c in e  was s e r i a l l y  d i lu te d  (0 .0 1  

to  0 .1 5  pM/ml) and was an a lyzed  w ith  each group o f  t i s s u e  e x t r a c t s .  

Colorimetric d eterm in a tio n s  were made a t  570m|Li u s in g  a Bauch and Lorab 

S p ectro n ic  20 c o lo r im e te r .

V alues o f  NPS as g ly c in e  e q u iv a le n ts  a re  exp ressed  in  pM/g t i s s u e  

w ater and s t a t i s t i c a l  s ig n i f ic a n c e  a t  th e  95 % l e v e l  was determ ined by 

a n a ly s is  o f  v a r ia n c e  "t" t e s t  and m u lt ip le  range a n a ly s is  (Snedecor, 

1 9 6 0 ). V alues fo r  NPS were computed u s in g  th e  mean per cen t t i s s u e  w ater  

(7 5 .2  %) o f  36 an im als from an environm ental s a l i n i t y  o f  2 0 .4  ° /o o  and 

a tem perature o f  2 1 .0  C. These w ere th e  c o n d it io n s  in  th e  la b o ra to ry  

Sea w ater ta b le s  p r io r  to  a c c lim a tio n  and e s ta b lish m en t o f  exp erim en ta l 

c o n d it io n s .  By u s in g  v a lu e s  c o r r e c te d  fo r  changes in  t i s s u e  w a ter , 

changes in  th e  c o n c e n tr a tio n  o f  NPS due to  f lu c t u a t io n s  in  t i s s u e  w ater  

a re  e l im in a te d . Thus v a lu e s  fo r  NPS, u n le s s  o th erw ise  s t a t e d ,  are  n et  

v a lu e s  c o r r e c te d  fo r  w ater l o s s .  Any change in  v a lu e  r e p r e se n ts  a r e a l
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change in  the co n cen tra tio n  o f  NPS and i s  not a f f e c t e d  by t i s s u e  w ater  

ch an ges. This c o r r e c t io n  fo r  w ater lo s s  does not change the ch a ra cter  

o f  th e  NPS accum ulation  as a p r o c e s s ,  but on ly  d ecre a se s  th e change in  

r e l a t iv e  amounts and the v a r i a b i l i t y  between in d iv id u a l a n im a ls .

In d iv id u a l Amino A cids

A q u a l i t a t iv e  and q u a n t ita t iv e  a n a ly s is  o f  amino a c id s  was made 

u sin g  an au tom atic ion  exchange a n a ly ze r  (T echnicon A uto-A nalyzer ^ ) .

An a liq u o t  (0 .1  m l) o f  th e  e th a n o l e x tr a c t  was mixed w ith  0 .2  ml 0 .1  N 

HC1 and 0 .2 5  uM L-amino guanido p ro p io n ic  a c id  was added as an in te r n a l  

stan d ard . T his m ixture was d r ie d , then  r e d is s o lv e d  w ith  2 .0  ml 0 .1  N 

HC1 and 0 .2 5  uM N orleu cin e  added to  serv e  as a second in te r n a l standard; 

sam ples were then  ly o p h y liz e d . The sam ples were r e d is s o lv e d  in  0 .1  N 

HC1 and in je c te d  under N2  p ressu re  in to  a 0 .6  cm x 129 cm h eated  (60 C) 

g la s s  column f i l l e d  w ith  Technicon Chromobeads B . A g ra d ie n t o f  sodium  

c i t r a t e  b u ffe r s  (pH 2 .8 7 5  to  5 .0 0 0 )  w ith  a flow  r a te  o f  0 .5  m l/m in served  

as an e lu e n t .

The c o lo r  d eveloped  w ith  n in h yd rin  was determ ined a t  440 and 570 mu 

through 15-mm l i g h t  path  con tin u ou s flow  c u v e t te s .  Amino a c id s  were 

id e n t i f i e d  by comparing unknown peaks w ith  th o se  o f  a known 21 amino a c id  

standard s o lu t io n  (G eneral B io c h e m ica ls , Chagrin F a l l s ,  O h io ).

As w ith  th e NPS, a l l  amino a c id  v a lu e s  are c a lc u la te d  on the b a s is  

o f  7 5 .2  % t i s s u e  w ater and are co r r e c te d  fo r  lo s s  o f  t i s s u e  w a ter .



RESULTS

A fte r  tem perature a c c lim a tio n , th e  warm a cc lim a ted  animals* showed 

a s ig n i f i c a n t  change in  t i s s u e  w ater w ith  a mean v a lu e  o f 7 3 .3  % as  

compared to  7 5 .2  % in  unacclim ated  a n im a ls . Cold a cc lim a ted  anim als  

showed no s ig n i f i c a n t  change in  t i s s u e  w ater c o n te n t . The lo s s  o f  

t i s s u e  w ater under exp erim en ta l c o n d it io n s  d id  not account fo r  a l l  th e  

in c r e a se  in  NPS c o n c e n tr a tio n  but was r e s p o n s ib le  fo r  4 -11  % o f  th e  

ch an ge.

There were no s ig n i f ic a n t  d if f e r e n c e s  in  NPS among warm, c o ld  and 

unacclim ated  anim als w ith  or w ith ou t c o r r e c t io n  fo r  t i s s u e  w ater change. 

T o ta l NPS v a lu e s  for  19 M. a ren a r ia  b e fo r e  tem perature a c c lim a tio n  ranged  

from 2 3 2 .6  to  3 5 3 .3  pM/g t i s s u e  w a ter . NPS fo r  c o ld  a cc lim a ted  anim als  

ranged from 2 8 6 .0  to  3 4 4 .6  pM/g t i s s u e  w ater and fo r  warm a cc lim a ted  

a n im a ls , 2 9 4 .5  to  3 2 0 .2  pM/g t i s s u e  w a ter . V alues fo r  warm and co ld  

a cc lim a ted  anim als were p oo led  to  o b ta in  a common b a s e l in e  fo r  a com­

p a r iso n  to  c o n d it io n s  o f in cr ea se d  s a l i n i t y .

NPS v a lu e s  ob ta in ed  a t  both  a c c lim a tio n  c o n d it io n s  and c o n d it io n s  

o f in c r e a se d  s a l i n i t y  a re  summarized in  T able I I .  There were d e f in i t e  

in c r e a se s  in  NPS c o n c e n tr a tio n  over th e  tim e co u rse  o f  th e  exp erim en t. 

F ig u r es  1 and 2 show an i n i t i a l  in c r e a se  o f  NPS c o n c e n tr a tio n  which  

reached  a peak a t  12 or 24 hours depending upon exp erim en ta l c o n d it io n s ;  

th e  g r e a te r  th e  tem perature change, th e  sooner t h i s  peak was reached .

With th e  e x c e p tio n  o f c o ld  a cc lim a ted  an im als a t  8 C, a s ig n i f ic a n t  

drop in  NPS c o n c e n tr a tio n  occurred  a t  36. hours o n ly  to  be fo llo w ed  by
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a second in c r e a s e . T h is second in c r e a se  was a ls o  in flu e n c e d  by temp­

era tu re  b u t, u n lik e  th e  i n i t i a l  in c r e a se , h ig h er  l e v e l s  and a g rea te r  

r a te  o f NPS accum ulation  occurred  w ith  warmer tem peratures r e g a r d le s s  

o f  a c c lim a tio n  tem perature. T his la t t e r  p a tte r n  o f resp on se  remains 

e s s e n t ia l l y  th e same fo r  th ree  groups o f an im als each a cc lim a ted  to  a 

d if f e r e n t  exp erim en ta l tem perature (F ig . 3 ) .

The r e s u l t s  o f tw o- and three-w ay a n a ly s is  o f  v a r ia n c e  for  th e  

NPS v a lu e s  ob ta in ed  a t  v a r io u s  exp erim en ta l c o n d it io n s  are p resen ted  

in  T able I I I .  The warm and co ld  a cc lim a ted  groups and th e group o f  

anim als a cc lim a ted  to  each exp erim en ta l tem perature showed s ig n i f ic a n t  

d if f e r e n c e s  in  NPS c o n c e n tr a tio n  fo r  tim e, tem perature and fo r  in t e r ­

a c t io n  betw een tim e and tem perature. In  th e  a n a ly s is  in  which on ly  th e  

warm and c o ld  a cc lim a ted  groups were combined, s ig n i f ic a n t  d if f e r e n c e s  

in  NPS c o n c e n tr a tio n  remained fo r  tim e, tem perature and fo r  in te r a c t io n  

betw een tim e and tem p eratu re. S ig n if ic a n t  d if f e r e n c e s  a t  th e  5 % l e v e l  

betw een a d ja cen t tim es and tem peratures were t e s t e d  by use o f  m u lt ip le  

range a n a ly s i s .  The r e s u l t s  o f  th e se  t e s t s  a re  in c lu d ed  in  T able I I .

The 18 id e n t i f i e d  amino a c id s  in  M. a ren a r ia  accounted  fo r  69 to  

95 7o o f  th e  measured NPS. In T ab le IV, th e  q u a n t i t ie s  o f th e  18 FAA are  

p resen ted  fo r  a cc lim a ted  and unacclim ated  c o n d it io n s .  G lycin e and a la n in e  

made up th e  g r e a te s t  part o f  th e  FAA p o o l and c o n s t itu te d  70 to  76 % o f  

th e  t o t a l .  Other FAA in  order o f  d e c r e a sin g  c o n c e n tr a tio n s  were ta u r in e , 

g lu tam ic a c id , a r g in in e , a s p a r t ic  a c id  and ser in e^ ea ch  co n tr ib u ted  1 to  

9 % o f  th e  t o t a l .

There were no s t a t i s t i c a l  d if f e r e n c e s  in  th e  t o t a l  o f  th e  18 

id e n t i f i e d  amino a c id s  when th e  warm and c o ld  a cc lim a ted  groups were 

compared w ith  th e  unacclim ated  group. However, th e r e  were s t a t i s t i c a l  

d if f e r e n c e s  in  th e  t o t a l  o f  th e  18 amino a c id s  betw een th e  warm and co ld
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a cc lim a ted  a n im a ls . In  a d d it io n  to  th e  18 id e n t i f i e d  FAA, th e chrom ato­

gram showed oth er peaks th a t a r e , a t  t h i s  tim e , u n id e n t i f ie d .  V alues 

ranged from 7 .9 9  to  2 4 .8 6  jSSA/g t i s s u e  w ater (n o r le u c in e  e q u iv a le n t s ) .

T hese u n id e n t if ie d  m a te r ia ls  c o n s t itu te d  about 5 % o f  th e  measured NPS. 

There were no s t a t i s t i c a l  d if f e r e n c e s  betw een th e  th r e e  groups o f  an im als  

when th e  combined t o t a l s  o f  th e  unknown and known amino a c id s  were 

c o n s id e r e d .

B ecause o f  th e  la r g e  v a r i a b i l i t y  in  th e  c o n c e n tr a tio n  o f  in d iv i ­

dual FAA, no s ig n i f i c a n t  d if f e r e n c e s  were d e te c te d  when th e  unacclim ated  

anim als were compared to  th e  warm and co ld  a cc lim a ted  a n im a ls . However, 

th e r e  were s ig n i f i c a n t  d if f e r e n c e s  in  two im portant FAA betw een warm and 

c o ld  a cc lim a ted  a n im a ls . In  th e  warm a cc lim a ted  group th e  mean v a lu e s  

o f  ta u r in e  and g ly c in e  were low er than in  th e co ld  a cc lim a ted  group by

12 .0 5  and 2 7 .3 0  juM/g t i s s u e  w ater r e s p e c t iv e ly .  A lthough th e  m a jo r ity  

o f  th e  v a lu e s  p resen ted  in  T able V a re  from on ly  one chromatogram, some 

id e a  a s  to  th e  v a r i a b i l i t y  o f  each FAA i s  ob ta in ed  a t  tim e z e r o .fo r  warm 

.and c o ld  a cc lim a ted  an im als (T able IV ). A lso , th e  v a lu e s  fo r  warm a c c l i ­

mated an im als a t  18 C (36 h ou rs) r ep re se n t th e  mean and standard  d e v ia t io n  

fo r  th r e e  in d iv id u a ls  (T able V ).

FAA t o t a l s  showed d e f i n i t e  changes over th e  tim e co u rse  o f  th e  

experim ent (T able V) and th e  p a tte r n  o f  accu m u lation  was s im ila r  to  th a t  

o f  th e  NPS accu m u lation .

Of th e  in d iv id u a l FAA, g ly c in e  and a la n in e  were th e  most concen­

tr a te d  a t  exp erim en ta l c o n d it io n s .  A lan in e  made up 3 3 .7  to  5 9 .8  % o f  th e  

FAA poo l w h ile  g ly c in e  made up 2 2 .2  to  4 8 .9  % o f  th e  p o o l.  The resp on se  

o f  g ly c in e  to  an in c r e a se  in  s a l i n i t y  was v a r ia b le .  There was a s l i g h t  

in c r e a se  in  th e  c o n c e n tr a tio n  o f g ly c in e  b u t, i t s  mole p ercen tage  o f
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th e  FAA p oo l d ecrea sed  over th e  tim e cou rse  o f  th e  exp erim en t. Data

fo r  g ly c in e  i s  p resen ted  in  T able V.

Over th e  tim e cou rse  o f  th e  exp erim en ts, th e  mole % o f  a la n in e  

in  th e  FAA p oo l in cr ea se d  for  warm and co ld  a cc lim a ted  a n im a ls . The 

m ole % o f  a la n in e  in  th e  FAA p oo l was s ig n i f i c a n t l y  d i f f e r e n t  fo r  both  

groups o f  an im als a t  each o f th e  th r e e  exp erim en ta l tem peratures; by 

th e  end o f  th e  experim ent, h igh er  exp erim en ta l tem peratures r e s u lte d  in  

h ig h er  p ercen ta g es  o f a la n in e  in  th e  FAA p o o l. For th e  warm a cc lim a ted  

an im als betw een 12 and 36 hours o f th e  exp erim en t, th ere  was an in v e r s io n  

in  th e  q u a n t i t ie s  o f a la n in e  in  r e la t io n  to  tem perature and th e  cu rves  

dem onstrated  a change in  s lo p e  (F ig . 5 a ) .  T his i s  s im ila r  to  th e  b e ­

h a v io r  p a tte r n  o f  th e  t o t a l  FAA and NPS in  r e la t io n  to  tim e and temp­

e r a tu re  (F ig . 1, 4 a ) .  The a la n in e  in  th e  co ld  a cc lim a ted  an im als p resen ted  

a somewhat s im ila r  resp o n se  to  exp erim en ta l c o n d it io n s .  The a la n in e  con­

te n t  o f  th e  anim als a t 18 C dem onstrated  a pronounced tw o -step  in c r e a se  

in  c o n c e n tr a tio n  whereas a t  8 and 25 C th e r e  appeared to  be a sim p le

in c r e a se  and no n o t ic e a b le  change in  th e  s lo p e  o f  th e  cu rve (F ig . 5 b ) .

Other amino a c id s  such as ta u r in e , g lu tam ic  a c id  and a r g in in e  

each made up 2 % or more o f  th e  FAA p o o l. The data fo r  th e s e  amino a c id s  

a re  p resen ted  in  T able V. There was a s l i g h t  but n o t ic e a b le  in c r e a se  in  

th e  q u a n t i t i e s . o f  s e r in e  and p h en y la la n in e  during exp erim en ta l c o n d it io n s .  

The c o n c e n tr a tio n  o f s e r in e  ap p roxim ately  doubled from i t s  b a s e l in e  v a lu e  

w ith  v a lu e s  as h igh  as 6 .5 1  juM/g t i s s u e  w ater b u t, i t  seldom  was r e ­

sp o n s ib le  fo r  more than 2 % o f  th e  FAA p o o l. The in c r e a se  in  p h en yla­

la n in e  was l e s s  pronounced and more e r r a t ic  than th a t  o f  s e r in e  and was 

c o n s is t e n t ly  l e s s  than  2 % o f  th e  FAA p o o l.
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The rem aining FAA., c y s t e ic  a c id , m eth ion ine s u lfo x id e ,  p r o lin e ,  

v a l in e ,  i s o le u c in e ,  le u c in e ,  tryp top han e, o r n ith in e , ly s in e ,  h i s t id in e  

and th reo n in e  showed l i t t l e  i f  any change a t exp erim en ta l c o n d it io n s  

and each co n tr ib u te d  l e s s  than 2 % o f th e FAA p o o l. The on ly  amino a c id  

th a t  c o n s is t e n t ly  d ecreased  in  c o n c e n tr a tio n  w ith  tim e during th e  e x ­

perim ents was a s p a r t ic  a c id .  I n i t i a l  v a lu e s  ranged from 17 .38  +  3 .6 5 (3 )  

to  11 .87  +  4 .3 9 (3 )  JuM/g t i s s u e  w ater for  warm and co ld  acc lim a ted  

an im als r e s p e c t iv e ly .  These v a lu e s  dropped to  betw een 1 .1 0  and 5 .5 2  

juM/g t i s s u e  w ater depending upon exp erim en ta l c o n d it io n s .  Data for  

a s p a r t ic  a c id  i s  p resen ted  in  T able V and F ig . 6a, b .



Table I. Summary of acclimation and experimental conditions.

12



A
cc

lim
at

io
n 

E
xp

er
im

en
ta

l 
H

ou
rs

 
N

um
be

r
Te

m
p.

 
(C

) 
 

 
 

 
— 

of 
F

a
ta

li
ti

es
 

Sa
m

pl
ed

S
al

in
it

y 
(°

/o
o)

 
Te

m
p.

 
(C

) 
S

al
in

it
y 

(°
/o

o)
 

E
xp

t. 
At

 
12 

H
ou

r 
 

. 
 

- 
 

 
 

In
te

rv
a

ls

CO CO

c o  c o  c o CO CO CO 1 1 CO CM CO CO

CM CM

o  o  o 0  0 . 0 CM iH  O CM o o

mj- Ml" o  o  o 0 0  0 0  0 0 Ml- o 00
00 0 0  00 NO no nO Ml" <}- CM NO Ml"

r>. on s o on vo m  c o  uo r -  m m
• • • •  •  • •  • • • • .

o  o  o o  o  o o  o  o o  o o
CO CO CO c o  c o  c o CO CM CO CO CM CM

m  c o  oo uo  o o  oo o  o  o O  00 1"*
CM i—1 CM rH CO CO CM CO rH

o o o o o
o o o o o

C J O o o  o o o
o o u

m  cm CM co O  CM co CM CO CO
• • w O  • CO 3  CO • • 3 O  • CO O  • 3

c o o n C • O  u O  CO H  iH O  O • o  n . o  o
O 3 O 1-1 3 <U 4J O . i—1 *H .H 3 i—4 r H  *H
•H + |+ 1  O *H +1 o 3 3 n  +1 + | cd 4J . i + l  2 . , + t 10•U £1 ■u + | jC Cd <U 4J U  *r-l +  1 2̂ +1 y -h
c  o cd cn tH £ 3 o  <r 3 3 m 3 d
£ • • CM g o  • nO r H  *H O • • 4J 3 O  • NO O  • -P 3
•h m o  on •H * O  i—4 91 h  U  O  O  cd' o • O  rH . 0 3 0

g  H  N  N  H *0 H  00 CM CM O <u CM CM a  O 00  CM CM M C M  S U
n  o rH O CO CU3
cd o o  o •H K  3 .

| 3  cd O  cd x  W  cd



T able I I .  NPS (jaM/g t i s s u e  w ater) in  th e  a n te r io r  adductor m uscle  
o f M. a ren a r ia  a f t e r  tr a n s fe r  from 20 to  30 ° /o o  sea  
w a ter . V alues are th e  mean and SD fo r  th ree  anim als  
excep t fo r  tim e zero  where N=19.
( I )  No s ig n i f i c a n t  d if f e r e n c e s  a t  th e  95 % le v e l  

from p rev io u s tim e v a lu e s .
( I I )  No s ig n i f i c a n t  d if f e r e n c e s  a t  th e  95 % le v e l  

betw een exp erim en ta l tem p eratu res.
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Table I I I .  Two- and th ree-w ay a n a ly s is  o f  v a r ia n c e  on NPS d a ta .
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T able IV. FAA ( tM/g  t i s s u e  w ater) in  th e  a n te r io r  adductor m uscle  
o f M. a ren a r ia  b e fo r e  and a f t e r  tem perature a c c lim a tio n .  
Each v a lu e  r e p r e se n ts  mean and SD.
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F ree  amino B efore a c c lim a tio n  Warm a c c lim a tio n  Cold a c c lim a tio n
a c id  25 C 8 C

N-8 Mole ° /o  N-3 Mole ° /o  N-3 Mole ° /o

C y s te ic  a c id 1.62+0.57 0.66 2.04+0.74 0.90 1.40+0.20 0.56

T aurine 16.05+4.76 6.59 11.05+5.62 4 .86 23.10+3.59 9.31

M ethionine
su lfo x id e

0.38+0.23 0.15 0.74+0.20 0.33 0.26* 0.10

A s p a r tic  a c id 11.77+4.90 4 .8 8 17.38+3.65 7.66 11.88+4.38 4 .7 8

T hreonine 2.41+0.88 0.98 3.93+0.90 1.73 1.91+0.06 0.77

S e rin e 2.95+1.19 1.21 1.86+0.66 0.82 2.51+0.66 1.01

G lutam ic a c id 14.59+2.46 6.13 13.91+1.44 6.12 13.9C+1.92 5.61

G lycine 86.00+22.61 35.31 73.68+9.70 32.43 100.98+1.46 40.70

A lanine 90.58+14.04 37.19 85.03+11.90 37.43 85.81+19.01 34.59

V aline 0.56+0.31 0.23 0.85+0.32 0.37 0.49* 0.19

I s o le u c in e 0.42+0.25 0.17 0.54+0.25 0.24 0.28* 0.11

Leucine 0.59+0.34 0.24 0.68+0.13 0 .30 0.45+0.21 0.18

T yrosine 0.43+0.36 0.17 0 .72+0.13 0 .32 ,0.30* 0 .12

P h en y la lan in e 2.08+0.73 0.85 2 .21+0.56 0.97 1.55+0.37 0.62

O rn ith in e 1 .44+1.30 0.59 0 .97+0.16 0.43 0.40* 0.16

Lysine 1.51+0.77 0.62 1.97+0.35 0.87 1.31+0.81 0.52

Tryptophan 1.34+0.85 0.55 1.25+0.46 0.55 0.50* 0 .20

H is tid in e 0.45+0.19 0.18 0.25+0.12 0.11 0.20* 0.08

A rg in ine 9.01+2.19 3.28 8.47+0.71 3.73 7.52+0.63 3.03

T o ta l 
1  o f NPS

247.99+39.35 
85.45+7.61

227.16+3.41
73.63+1.51

248.06+17.20
86.07+5.67

T o ta l p lu s 
u n id e n t if ie d  
peaks /
X of NPS

261.51+35.85
90.49+8.12

242.49+3.65
79.70+3.75

254.40+18.05
90.03+8.06

* e s tim a te d  from peaks too  sm all to  measure a c c u ra te ly  
/  ammonia excluded



T a b le  V. FAA (/uM/g t i s s u e  w ater) in  th e  a n te r io r  adductor m uscle 
o f  M. a ren a r ia  over th e  tim e cou rse  o f  th e  experim ent. 
V alues where N=3 are th e  mean and SD; where N=2, v a lu e s  
a re  th e  mean o f  two an im als .
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Figure 1 A ccum ulation o f NPS (pM/g t i s s u e  w ater) in  th e  a n te r io r  
adductor m uscle o f warm a cc lim a ted  H. a ren a r ia  a f t e r  a 
tr a n s fe r  from 20 to  30 ° /o o  sea  w a ter .
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Figure 2 A ccum ulation o f  NPS (jiM/g t i s s u e  w ater) in  th e  a n te r io r  
adductor m uscle of c o ld  acc lim a ted  M. a ren a r ia  a f t e r  a 
t r a n s fe r  from 20 to  30 ° /o o  sea  w ater.
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F igure 3 . A ccum ulation o f  NPS (uM/g t i s s u e  w ater  in  th e  a n te r io r  
adductor m uscle o f  M. a ren a r ia  a f t e r  a t r a n s fe r  from  
20 to  30 ° /o o  sea  w a ter . Each group o f  an im als was 
a cc lim a ted  to  each exp er im en ta l tem perature.
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F igu re 4 . A ccum ulation o f  t o t a l  FAA in c lu d in g  unknown chromatogram  
peaks (jiM/g t i s s u e  w ater) in  th e  a n te r io r  adductor mus­
c l e  o f 1$. a ren a r ia  a f t e r  a tr a n s fe r  from 20 to  30 ° /o o  
sea  w a ter .
A. Cold a c c lim a te d .
B. Warm a c c lim a te d .
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F igu re 5 . A ccum ulation o f a la n in e  OuM/g t i s s u e  w ater) in  th e  an­
t e r io r  adductor m uscle o f M. a ren a r ia  a f t e r  a tr a n s fe r  
from 20 to  30 ° /o o  sea  w a ter .
A. Warm a c c lim a te d .
B. Cold a c c lim a te d .
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F igu re  6 . D ecrease o f  a s p a r t ic  a c id  (pM/g t i s s u e  w ater) in  th e
a n te r io r  adductor m uscle o f H. a ren a r ia  a f t e r  a tr a n s fe r  
from 20 to  30 ° /o o  se a  w ater .
A. Warm a c c lim a te d .
B. Cold a c c lim a te d .
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DISCUSSION

S ev era l au th ors have dem onstrated th a t th e r e  i s  a l in e a r  r e la t io n ­

sh ip  betw een s a l i n i t y  and NPS or t o t a l  FAA in  m uscle t i s s u e  o f  th e  marine 

p elecyp od s M y tilu s e d u lis  (Lange, 1963), C ra sso strea  v ir g in ic a  (Lynch 

and Wood, 1966) and Mva a ren a r ia  (Virkar and Webb, unpublished  d a ta ) .

M* a ren a r ia  accum ulates NPS and t o t a l  FAA in  resp o n se  to  a s a l i n i t y  in ­

c r e a se  in  a fa s h io n  th a t i s  not l in e a r  w ith  t im e . Except fo r  co ld  

a cc lim a ted  anim als a t  25 C, th e  accum ulation  o f NPS and t o t a l  FAA changed  

in  r a te  or s ig n i f i c a n t l y  d ecreased  in  a b so lu te  c o n c e n tr a tio n  around th e  

36th hour (F ig s .  1, 2 , 3 and 4 ) .  The e x c e p tio n  fo r  co ld  acc lim a ted  

anim als a t  25 C may be an a r t i f a c t  o f th e  12 hour sam pling in t e r v a l .

The p a tte r n s  o f  NPS and t o t a l  FAA accum ulation  in d ic a te  th a t  

th e r e  may be m u lt ip le  s te p s  in v o lv ed  in  t h i s  p r o c e s s . The s l i g h t  tr a n s ­

i t o r y  in c r e a se  in  th e  g ly c in e  c o n c e n tr a tio n  during th e  f i r s t  24 hours o f  

exp erim en ta l c o n d it io n s  a lon g  w ith  a more pronounced in c r e a se  in  th e  

c o n c e n tr a tio n  o f  a la n in e  accounted  fo r  more than 80 % o f  th e  NPS in c r e a s e .  

A lso , th e  s l i g h t  t r a n s ito r y  in c r e a se  o f  th e  FAA p o o l as a w hole during  

th e  f i r s t  12 to  24 hours co n tr ib u ted  to  th e  observed i n i t i a l  in c r e a se  in  

NPS c o n c e n tr a t io n . The change in  th e  r a te  o f NPS in c r e a se  th a t occurred  

around th e  36th  hour was caused  e i th e r  by th e d ecrea se  or lack  o f in ­

c r e a se  in  th e  c o n c e n tr a tio n  o f a la n in e .  A fte r  36 h o u rs , the c o n c e n tr a tio n  

o f  a la n in e  in cr ea se d  sh arp ly  and accounted  fo r  approxim ately  90 % o f  th e  

NPS in c r e a s e . The in te r p r e ta t io n  o f m u lt ip le  s te p s  in  NPS accum ulation

23



24

i s  v a l id  as shown by th e  s ig n i f i c a n t  in t e r a c t io n  betw een tim e and temp­

e r a tu r e  in  th e  a n a ly s is  o f  v a r ia n c e  (T able I I I )  and m u lt ip le  range  

a n a ly s is  (T able I I ) .

From th e  above a n a ly s is ,  i t  i s  apparent th a t th ere  may be a t  

l e a s t  two major p r o c e sse s  in v o lv e d  in  th e  accum ulation  o f NPS; a ’’fa s t  

component" th a t o p era tes  during th e  f i r s t  24 hours a f t e r  a s a l i n i t y  

in c r e a s e  and a "slow  component" th a t o b ta in s  i t s  e f f e c t i v e  r a te  a f t e r  

36 h o u rs . S in ce  M. a ren a r ia  i s  an osmoconformer (Hegemann, 1 9 6 4 ), th e  

f a s t  component may be u s e fu l  in  p rev en tin g  e x c e s s iv e  t i s s u e  w ater lo s s  

and c e l l  volume ch an ges. Data on adductor m uscle t i s s u e  w ater in d ic a te  

th a t  no fu r th e r  s ig n i f ic a n t  w ater lo s s  occurs a f t e r  24 to  36 hours o f  

exp osu re to  an in c r e a se  o f  s a l i n i t y .  T h is i s  c o n s is t e n t  w ith  th e  id ea  

th a t th e  a c t iv e  adjustm ent o f  th e  in t r a c e l lu la r  osm otic p ressu r e  to  new 

osm otic  p ressu r e  cou ld  prevent a change in  h y d ra tio n  o f  th e  c e l l s  

(Jeu n iau x , B r ic teu x -G reg o ire  and F lo r k in , 1961) and e f f e c t  c e l l  volume 

r e g u la t io n  (Lange, 1 9 6 8 ).

There was a t r a n s ito r y  in c r e a se  in  th e c o n c e n tr a tio n  o f  ta u r in e  

around th e  36th  hour o f exp erim en ta l c o n d it io n s  which c o in c id e d  w ith  th e  

g en era l d ecre a se  o f  th e  o th er o s m o t ic a lly  a c t iv e  su b s ta n c e s . S in ce  

th e  i n i t i a l  c o n c e n tr a tio n  o f  ta u r in e  was low er in  warm a cc lim a ted  anim als  

than  in  c o ld  a cc lim a ted  on es, th e  in c r e a se  was more n o t ic e a b le  in  th e  

warm a cc lim a ted  group. T his i s  in te r p r e te d  as another in d ic a t io n  o f  th e  

p resen ce  o f  m u lt ip le  components in  th e  accu m u lation  p ro cess  o f  o sm o ti­

c a l l y  a c t iv e  s u b s ta n c e s . The in c r e a se  was not la r g e  (7 -20  JiM/g t i s s u e  

w a ter) and appeared to  be a c t in g  in  resp o n se  to  th e  d ecre a se  or la ck  o f  

in c r e a se  i n  th e  c o n c e n tr a tio n  o f  a la n in e  a t  th e  tim e when th e  proposed  

f a s t  and slow  components are  in  a t r a n s i t io n  s t a g e .
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Three proposed components to  account fo r  th e  observed accum ulation  

o f  FAA in  M. a ren a r ia  are p resen ted  in  F ig . 7 . The proposed f a s t  com­

ponent (A) may be p a r t ly  from th e  r e le a s e  o f  o sm o tic a lly  a c t iv e  FAA 

from an o s m o t ic a lly  in a c t iv e  form . During th e  f i r s t  36 hours o f  th e  

exp erim en t, t h i s  supp ly  o f  o s m o t ic a lly  in a c t iv e  amino a c id s  i s  exh au sted . 

T h is , combined w ith  th e  c o n tin u a l lo s s  or leak age o f FAA from th e  o sm o ti­

c a l ly  a c t iv e  p o o l, produces a n et lo s s  or d ecre a se  in  th e c o n c e n tr a tio n  

o f  FAA in  th e  c e l l  around th e  36th  hour. At ap proxim ately  th e  same tim e, 

th e  long ranged slow  component (B) b eg in s  to  supp ly  FAA fa s t e r  than th ey  

a re  l o s t  as noted  by th e  sharp n et in c r e a se  in  th e  c o n c e n tr a tio n  o f  

a la n in e .  The tim e la g  betw een th e se  two components produces th e  change 

in  s lo p e  in  th e accu m u lation  o f  o sm o t ic a lly  a c t iv e  FAA (D ). The i n i t i a l  

peak and subsequent d ecrea se  in  th e  c o n c e n tr a tio n  o f  FAA i s  not in te r p r e te d  

as an oversh oot phenomenon b ecau se th e  12 to  24 hour c o n c e n tr a tio n  i s  

c o n s id e r a b ly  low er than th e  f in a l  c o n c e n tr a t io n . A th ir d  component (C) 

i s  th e  t r a n s ito r y  in c r e a se  in  th e  c o n c e n tr a tio n  o f  ta u r in e  a t  about 36 

h o u rs . W ithout t h i s  in c r e a s e , th e  drop in  t o t a l  o sm o tic a lly  a c t iv e  FAA 

would be even  g r e a te r .  I t  i s  p o s s ib le  th a t ,  in  M. a r e n a r ia , ta u r in e  may 

be used as an a u x il ia r y  and become an im portant o sm o tic a lly  a c t iv e  sub­

s ta n c e  when other FAA are not a v a i la b le  in  s u f f i c i e n t  q u a n t i t ie s  to  

accom plish  iso sm o tic  in t r a c e l lu la r  r e g u la t io n .  In  c o n tr a s t ,  ta u r in e  has  

a major r o le  in  th e  iso sm o tic  in t r a c e l lu la r  r e g u la t io n  a t  in cr ea se d  s a l ­

i n i t i e s  in  M y tilu s  e d u l is  (Lange, 1963) and C ra sso strea  v lr g in ic a  (Lynch 

and Wood, 1 9 6 6 ). Lange (1963) rep orted  th a t M v tilu s  e d u lis  e s t a b l is h e s  

i t s  h igh  c o n c e n tr a t io n  o f  NPS p r im a r ily  by an in c r e a se  in  ta u r in e  and in  

t h i s  regard , e x e r ts  a sp arin g  a c t io n  on th e  an im als u se o f  ’' e s s e n t ia l11 

amino a c id s .  T h is may a ls o  be tru e  fo r  C ra sso strea  v ir g in ic a  as Lynch 

and Wood (1966) showed th a t ta u r in e  i s  th e  most co n cen tra ted  amino a c id
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above a s a l i n i t y  o f  19 ° /o o  and th ere  th e c o n c e n tr a tio n  o f  g ly c in e ,  

a la n in e  and g lu tam ic  a c id  rem ains r e l a t iv e l y  c o n s ta n t .

On th e b a s is  o f  exp erim en ts performed on is o la t e d  n erves o f  

E r io c h e ir  s in e n s is  i t  was concluded th a t the amino a c id s  c o n tr ib u tin g  

to  th e  t o t a l  o sm otic  p ressu r e  are o f  in t r a c e l lu la r  o r ig in  ( S c h o f f e n ie ls ,  

1 9 6 0 ). G i l le s  and S c h o f fe n ie ls  (1966) id e n t i f i e d  an a sp a r ta te  d eca r­

b o x y la se  in  the v e n tr a l  nerve ch a in  o f  Homarus v u lg a r i s . They concluded  

th a t  L -a la n in e  s y n th e s is  depends on a t  l e a s t  two major pathways: (a ) a

tra n sam in ation  o f  pyruvate and (b ) a d eca rb o x y la tio n  o f  a sp a r ta te .  The 

d eca rb o x y la tio n  o f  a s p a r t ic  a c id  to  a la n in e  has a ls o  been rep orted  fo r  

m icroorganism s (M ahler and C ordes, 1966 ). The d eca rb o x y la tio n  o f  a s p a r t ic  

a c id  cou ld  be an im portant pathway in  the supply  o f  a la n in e  as an o sm o ti­

c a l l y  a c t iv e  su b stan ce  in  the m uscle t i s s u e  o f  M. a r e n a r ia . At a l l  e x p e r i­

m ental tem peratures th ere  was a c lo s e  r e la t io n s h ip  between th e  d ecrea se  

o f  a s p a r t ic  a c id  and th e in c r e a se  in  the c o n c e n tr a tio n  o f  a la n in e . The

c o r r e la t io n  c o e f f i c i e n t s  fo r  th e r e la t io n s h ip  betw een a s p a r t ic  a c id  and

a la n in e  c o n c e n tr a tio n s  in  f iv e  o f  s ix  experim ents range from r = -0 .7 4  

to  r -  - 0 .9 8 .  In th e s ix t h  experim ent w ith  warm a cc lim a ted  anim als  

a t  25 C, the c o r r e la t io n  d isa p p ea rs  as the c o n c e n tr a tio n  o f  a la n in e  

exceed s 200 ^iM/g t i s s u e  w ater and the a s p a r t ic  a c id  appears to  have a 

low er l im it  o f  1 .1 0  ;iM/g t i s s u e  w a ter . N e v e r th e le s s , th e  c o r r e la t io n  

in d ic a te s  a d ir e c t  pathway in  th e form ation  o f  a la n in e  from a s p a r t ic  

a c id .  The f a c t  th a t th e d ecre a se  o f  a s p a r t ic  a c id  i s  l e s s  a t  8 C than

a t  18 and 25 C (F ig . 6a, b) i s  an in d ic a t io n  th a t  th e co n v ersio n  o f  a s ­

p a r t ic  a c id  to  a la n in e  i s  tem perature s e n s i t i v e .  These d ata  are in  

agreem ent w ith  th e g e n e r a l h y p o th e s is  p resen ted  by S c h o f fe n ie ls  (1967) 

th a t  th e in cr ea se d  in t r a c e l lu la r  co n ten t o f  o s m o t ic a lly  a c t iv e  amino a c id s
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a f t e r  a tr a n s fe r  to  a h y p erto n ic  medium i s  a sc r ib e d  p a r t ly  to  a d ecre a se  

in  th e  breakdown or lo s s  and p a r t ly  to  th e  in c r e a se  in  the s y n th e s is  o f  

amino a c id s .

The ra te -tem p er a tu re  fu n c t io n  fo r  NPS accum ulation  during th e  f i r s t  

24 hours o f  exp erim en ta l c o n d it io n s  ( f a s t  component) does not fo llo w  th e  

standard p a tte r n s  fo r  warm and c o ld  a cc lim a ted  p o ik ilo th erm s as d escr ib ed  

by P rosser  and Brown (1962) and Precht (1 9 5 8 ) . When th e warm and co ld  

a cc lim a ted  M. a ren a r ia  exp erien ced  a tem perature change, th e  r a te  o f  NPS 

accu m u lation  in cr ea se d  r e g a r d le s s  o f th e  d ir e c t io n  o f th e  tem perature  

change (F ig . 8 a ) .  The d ata  fo r  a la n in e  in d ic a te  th a t th e  amino a c id  

fo llo w s  th e  p a tte r n  o f  accum ulation  s im ila r  to  th a t o f th e  NPS. The 

reason  fo r  th e  ra te -tem p er a tu re  in v e r s io n  i s  unknown a t  t h is  tim e, but 

i t  may be th e  r e s u l t  o f th e  a d d it io n a l s t r e s s  caused  by th e  sudden temp­

e r a tu re  change.

I n t e r t id a l  p o p u la tio n s  o f M. a ren a r ia  in  an area  su b je c t  to  fr e sh  

w ater ru n o ff  cou ld  be exposed to  s im u ltan eou s s a l i n i t y  and tem perature  

f lu c t u a t io n s .  The f a s t  component o f NPS accum ulation  may serv e  as a 

resp o n se  to  both  a tem perature and s a l i n i t y  s t r e s s  but i t  must be kept  

in  mind th a t ,  in  th e  range t e s t e d ,  tem perature a lo n e  does not e l i c i t  

t h i s  r e sp o n se . U npublished d ata  on exp erim en ta l c o n tr o l an im als show a 

s l i g h t  but s ig n i f i c a n t  in c r e a se  in  NPS o n ly  when th e  tem perature reach es  

30 C; th e  changes occur around th e  48th  hour o f  c o n tr o l c o n d it io n s .  The 

c o n c e n tr a tio n  and co m p osition  o f  th e  NPS poo l rem ains r e l a t i v e l y  s ta b le  

w ith in  th e  tem perature and tim e l im it s  o f  th e s e  experim ents (8 to  25 C 

fo r  ap p roxim ately  10 d a y s ) .

The ra te -tem p era tu re  fu n c t io n s  o f  NPS accum ulation  in  F igure 8b 

were c o n str u c te d  from d ata  betw een tim e zero  and 60 h o u rs . The r e s u lt in g
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p a tte r n  o f  r e v e r se  t r a n s la t io n  ( e .g .  th e  curve o f  th e  c o ld  a cc lim a ted  

anim als l i e s  to  th e  r ig h t  and b e l o w  th a t o f  warm a cc lim a ted  ones) may 

be th e  r e s u l t  o f  o ther fa c to r s  co m p lica tin g  th e  resp o n se  (P ro sser  and 

Brown, 1 9 6 2 ). T h is i s  th e  c a se  fo r  th e  ra te -tem p era tu re  fu n c tio n s  o f  

NPS accum ulation  as i t  was a f f e c t e d  by two changed param eters, tem perature  

and s a l i n i t y .  The combined e f f e c t  o f  each environm ental c o n d it io n  p re ­

s e n ts  ra te -tem p era tu re  fu n c t io n s  which do not correspond to  th e  normal 

p a tte r n s  fo r  p o ik ilo th erm s (P ro sser  and Brown, 1962) and subsequent 

in te r p r e ta t io n s  may not be a p p lic a b le .  An a r ith m e tic  p lo t  o f NPS accu ­

mulation i s  p resen ted  in  F igu re 9 . The optimum tem perature range fo r  

NPS accum ulation  i s  d i f f e r e n t  fo r  warm and c o ld  a cc lim a ted  a n im a ls .

Warm a cc lim a ted  anim als had a g rea te r  accum ulation  r a te  a t  18 and 25 C 

than  a t  8 C. The accum ulation  r a te s  a t  18 and 25 C were not a p p rec ia b ly  

d i f f e r e n t .  The r a te  o f  NPS accum ulation  fo r  c o ld  a cc lim a ted  anim als was 

g r e a te s t  a t  25 C and was d i f f e r e n t  from th e  r a te  a t  18 C. There were no 

a p p r e c ia b le  d if f e r e n c e s  in  th e  accum ulation  r a te s  betw een 8 and 18 C.

I t  would appear th a t tem peratures above 25 C a re  optimum fo r  NPS accumu­

l a t io n  in  c o ld  a cc lim a ted  an im als but p re lim in a ry  s tu d ie s  in d ic a te  th a t  

under th e s e  exp erim en ta l c o n d it io n s  h igh er  tem peratures have le t h a l  e f f e c t s  

on th e  a n im a ls .

The e f f e c t  o f  tem perature on th e  r a te  o f  NPS accu m u lation , which  

i s  th e  typ e  exp ected  fo r  an enzyme m ediated pathway w ith in  c e r ta in  temp­

e r a tu re  l i m i t s ,  i s  another in d ic a t io n  th a t th e  supp ly  o f  amino a c id s  fo r  

iso sm o tic  in t r a c e l lu la r  r e g u la t io n  in  M. a ren a r ia  i s  c o n tr o lle d  by an 

enzyme system . T h is i s  in  agreem ent w ith  a sta tem en t by Lange (1968) th a t  

th e  s i z e  o f  th e  FAA poo l in  th e  c e l l  i s  a t  l e a s t  p a r t ly  c o n tr o lle d  by 

th e  a c t i v i t y  o f amino a c id  s y n th e s iz in g  enzym es. The reason  why th e  

warm a cc lim a ted  an im als have a f a s t e r  r a te  o f NPS accu m u lation  than co ld
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a cc lim a ted  ones a t th e  same tem perature i s  unknown a t  t h i s  t im e . One 

reason  may be th a t th e  amino a c id  s y n th e s iz in g  enzymes have to  be manu­

fa c tu r e d  to  meet th e  demand o f  iso sm o tic  in t r a c e l lu la r  r e g u la t io n .  I f  

t h i s  i s  so , th e  warm a cc lim a ted  anim als havin g  a more a c t iv e  m etabolism  

would probably be a b le  to  m anufacture th e  enzymes needed fa s t e r  than th e  

c o ld  a cc lim a ted  a n im a ls .

In  c o n c lu s io n , data  ob ta in ed  through th e  use o f  tem perature as an 

environm ental v a r ia b le  i s  c o n s is te n t  w ith  th e  h y p o th e s is  th a t an enzyme 

system  m ed iates th e  s y n th e s is  o f  amino a c id s  fo r  iso sm o tic  in t r a c e l lu la r  

r e g u la t io n .  The in d ic a t io n s  th a t a la n in e  i s  sy n th e s iz e d  from a s p a r t ic  

a c id  in  th e  m uscle t i s s u e  o f M. a ren a r ia  im ply th a t th e  major o sm o t ic a lly  

a c t iv e  amino a c id , a la n in e , i s  n e ith e r  ob ta in ed  by a c t iv e  uptake from  

th e  environm ent nor su p p lied  co m p le te ly  from sou rces  o f o sm o tic a lly  in ­

a c t iv e  amino a c id s .  However, th e s e  p o s s i b i l i t i e s  as w e ll  as o th ers  must 

be co n sid ered  as a sou rce o f  o s m o t ic a lly  a c t iv e  amino a c id s  e s p e c ia l ly  

fo r  o th er  marine in v e r te b r a te s .



F igu re  7 . Proposed m u lt ip le  components in  th e  accum ulation  o f  NPS 
and FAA in  M. a r e n a r ia .
A. F ast component.
B. Slow component.
C. T aurine component.
D. Com posite o f  m u lt ip le  component p r o c e s s .
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F igure 8 . R ate-tem perature fu n c tio n  o f  NPS accum ulation  fo r  warm 
and co ld  a cc lim a ted  M. a r e n a r ia .
A. I n i t i a l  in c r e a se  ( f a s t  com ponent).
B. A ccum ulation over e n t ir e  tim e cou rse o f  th e  ex p e r i  

m ent.
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Figure 9 R ate-tem p eratu re o f  NPS accum ulation  fo r  warm and co ld  
a cc lim a ted  M. a ren a r ia  over th e  e n t ir e  tim e cou rse  o f  
th e  exp erim en t.
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SUMMARY

1 . The accum ulation  o f FAA and NPS in  th e adductor m uscle o f M. a ren a r ia  

in  resp on se  to  an in crea sed  s a l i n i t y  was not l in e a r  w ith  tim e.

2 . Three components in  th e  p ro cess  o f  NPS and FAA accum ulation  were

proposed: (1 ) a f a s t  component a c t iv e  during th e  f i r s t  24 h ou rs,

(2 ) a slow  component e f f e c t i v e  from 36 hours and (3) a ta u r in e  com­

ponent e f f e c t i v e  during th e  tim e la g  o f  th e  f a s t  and slow  com ponents.

3 . The in c r e a se  in  th e  a la n in e  c o n c e n tr a tio n  accounted  fo r  80 to  90 % 

o f  th e  observed  in c r e a se  in  NPS c o n c e n tr a tio n .

4 . The h igh  c o r r e la t io n  betw een th e  d ecre a se  in  th e  c o n c e n tr a tio n  o f  

a s p a r t ic  a c id  and th e  in c r e a se  in  th e  c o n c e n tr a tio n  o f  a la n in e  i n ­

d ic a te s  a d ir e c t  r e la t io n s h ip  in  th e  form ation  o f a la n in e  from  

a s p a r t ic  a c id .  I t  i s  su g g ested  th a t a s p a r t ic  a c id  undergoes a 

d e c a r b o x y la tio n  form ing a la n in e .

5 . The ra te -tem p era tu re  fu n c tio n s  o f  NPS accum ulation  fo r  warm and c o ld  

a cc lim a ted  M. a ren a r ia  d id  not conform to  standard  p a tte r n s  d escr ib ed  

fo r  warm and c o ld  a c c l im a te d ,p o ik ilo th e r m s.
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