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Transaminases are among the crucial enzymes in amino acid
metabolism, which in aquatic organisms is known to be affected
by exposure to oil hydrocarbons. The transamination reactions
in Mytilus edulis L. were studied to estimate their adequacy to
indicate short term oil exposure in mussels. The transamination
reactions were measured using paper chromatography and
spectrophotometry. A high degree of transamination was
observed between 2-oxoglutarate and alanine, aspartate and
ornithine. A slight degree of transamination was shown with
methionine, leucine, isoleucine, phenylalanine, serine,
tryptophan, threonine, tyrosine and valine. No transamination
was observed between 2-oxoglutarate and glycine, arginine,
histidine, lysine, proline, citrulline and b -alanine. The effect of
the water-accommodated fraction (WAF) of crude oil on
selected transaminase reactions was measured. The highest
changes during the WAF exposure were mostly observed in the
gills and mantle. Alanine aminotransferase (EC 2.6.1.2) activity
in the mantle was, at its highest, 55% over the control.
Aspartate aminotransferase (EC 2.6.1.1) activity increased in
the gills by 52%. For ornithine transamination, in the gills the
highest increase was by 75% and in the mantle by 50%. The
metabolic pathways involved in the alterations of
aminotransferase activities are discussed. It is concluded that
ornithine transamination in gills is a potential indicator for short
term crude oil exposure in Mytilus edulis. More studies are
needed to evaluate the effects of other organic pollutants on
ornithine transamination.
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Introduction
T he act ivi ty  of  am inotransferases in  aquatic  animals h as  been

shown in sev er al cases to  respon d to  c hem ical  st ress .  The f irst

s tudies date  from  the 1960s. In  f ish  the altered ac t iv i ty  of

am inotran sfer ases has been caused by bro m o be nz en e/ca rbo n

tet rachlor ide (Bell  1968),  phenol and i ts  der ivatives

(Kristoff er son et al. 1974, Gupta et al . 1983, Tiedge et al. 198 6,

Casil las and Myers 1989), carbon te trach loride (Racicot  et  al .

1975), benzo(a )pyrene (Oikar i and Jim enez 1992), and the

insec tic ides Kepon e,  f en valer ate an d cyperm ethr in (Rice and

Mills  1987, Reddy and Yellamm a 199 1, Reddy et  al. 1991).

Both seru m and vario us t issu es in  f ish  hav e show n al ter at ion s

in their  enzym e activi ty.

T he c om m on  m u ssel  (M ytilus edulis  L.)  has been  used as a

sentin el  organism  in large m onitoring pro gram m es suc h as

Mu ssel  Watch  in  the U SA (Goldberg et al.  1978) . In  t issues of

M ytilus edulis  b oth aspa rtate am inotransferase  (ASAT) (EC

2.6 .1.1)  and alan ine aminotransferase (A LAT) (EC 2.6.1 .2)  have

been d em o nst r ated .  Sev er al  other  transam inase  reactio ns h ave

also  been ob served even  thoug h the act ivi t ies  were  low  (Read

1962). Oysters (Crassostrea virginica)  sho wed signif icantly

elevated A LAT levels when ex posed  to  em ulsif ied cru d e oi l

(Heit z et  al. 1974). In  bivalves  the m etabolism  of ni trog en

com pou nds is  a lso l inked to  o ther  enviro nm enta l  ch all eng es

su ch as chang es in  sa l i ni ty  and  tem perature or  n utr i t ive st ress .

Ac cord ing to  Bayne (1973) tem perature  and nutr i t ive s tre s s

in c rease the excret ion  of  a -am ino-N in M ytilus edulis .

Ham men (1968 ) has proved that  the excre t ion of  am ino acids

co rrelates  c losely to  the ac t ivi ty  of  am inotransferases when

various species  of  bivalve m olluscs  are  co m pa red  w ith ea ch

o th e r.

T he main object of  the present  study  was to  inv es t igate

tr ansam inase reaction s in  M ytilus edulis  of the Bal t ic  Sea and

to exam ine h ow the transam inase  act ivi t ies  react  to  th e w ater-

accom m odated f ract io n (WAF) of crud e oi l .  M ytilus edulis  i n

th e n o rt h ern  p a rt of the  Balt ic  Sea lives in  ex trem e co n di t i on s

of low tem perature  an d low sal ini ty  of  water.  Mu ssels  have to

re serv e part  of  their  energ y budget to  adapt  to  the unfavourable

en v i ron m en t  w hich  results  in  the red uced size of  the

o rg an ism s.  T herefore  in  this si tuat ion they m ight  be especial ly

sensi t ive to  st ress .

MATERIALS AND METHODS

Animals
Musse ls  (M ytilus edu lis)  were  collected w ith an Ag assiz  net  in

th e n o rt h ern  Balt ic S ea  in  the Turk u  A rch ipel ago between

No vem ber and F ebru a ry. T he sa l in i ty  of  the water  f luctuated

betw een 6.6½  and 7.0½ . In Novem ber  the water  tem perature

at  the bo ttom of  the sea w as  6°C an d in  F ebru a ry  0°C. T he

m u ssel s  w ere  acc limated to  th e laboratory  co n di t io n s an d

m ain tain ed in  aerated sea w ater  (9°C) taken from  the collect ion

a re a. T he m ussels f or  the dem onstrat io n of  am inotransferases

in the t issues w ere  collected  in  D ecem ber and th e specim ens

for the oi l exposure test  in  F ebru a ry.

Exposure to oil
A w ater-accom modated fract ion (WAF) of cru de  o i l  w as

p re p a red daily  accord ing to  the m eth od of  Wid d o w s  et  al.

(1982).  Russian  crude o i l , del ivered by Neste ,  w as u sed.  T he

ex per im en ts  w ere  co nducted in  glass  aquaria ,  each of  wh ich

con tained  3 .0 l  of  sea water  (sa l in i ty  6 .8½ ) and 30 m ussels

(shel l  length ,  3 .0‰0.1 cm (SD); shel l th ickness 1.2‰0.1 cm (SD))

at the beg inning of  th e exp er iment.  T he tem perature  of  the

aquaria  was kept  a t  9°C w ith  a  thermo stat .  T he aquaria  w ere

cov ered w ith alum inium  foil  an d aer at ion was carr ie d ou t  wi th

aerat io n pu m ps.  T he m ussels  w ere  acc limated  for  a  week in

the labo rato ry  a n d for 2  days in the aquar ia before the test .
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Every 24 h 80 m l WAF  was dosed to  one of  the aquaria  and 

240 ml to  another  one. E ighty ml WA F was equal  to  1 .0  ml of

c ru d e o i l  an d contained about 0 .3  m g hydrocarbons,  51%  of

w h ic h  w ere  arom at ic (Ahlgren,  person al  co m m unicati on) .  O ne

aqu arium  was kept  as a  con tro l.  With  the addit ion of  sea w ater

at  the sam e t im e as the WA F, the volum e of w ater  w as  kept

con stan t  in  al l  three aqu ar ia . Musse ls were  not  fed du ring th e

ex per im ent .  WAF w as  dosed to  the aquaria f or  four successive

d ay s .

Samples
Before the f irst  WA F do sing,  fou r m ussels  were  taken from  all

t h ree aq uaria  an d p ooled in  o ne samp le.  T hirt ee n m u sse l

sa m p les  w e re taken from  all aquaria  af ter  an exposure  t im e of 

1  day and 4  day s.

Tissue preparation
Tissue  ho m og enates were  p re p a red and  am in otr ansf erase

activ it ies  determ in ed  a cco rd ing to  a  m odified m ethod of

Rowsel l  (1962).  For the demonst rat ion of  t ransamination

reac tions al l  the t issu es  of  musse ls  were  ho m o gen ize d

together.  W hen m easuring th e effects of  oi l,  the gi ll s, mant le

an d  th e rest  of  the anim al ,  excep t  the  foot , were  s tu d i ed

separately. T he rest  of  the animal is re ferred to  la ter  in  this

paper as  the dig es t ive gland al thou gh other  t issues w ere

p resen t .  T h e po oled  sam ples w ere  u sed t hro ug h ou t th e

exp erim en t.  T he t issues w ere  w eig hed  an d h om o gen ized in  a

glass homogenizer  in  ice  co ld 0.1 M p ho sp ha te  b u ffer  (pH 7.4),

the amou nt of  which w as  f ive t imes the w eight  o f  the t issue.

T he hom ogenate w as f i l tered  t h rough  cotto n g auze and

dialysed  against  the sam e p hosph ate  bu ffer for 20  h at  9°C.

Af ter  dia lysis , the hom ogenates  were  stored at  ±20°C.

Transaminase assays
T he react ion m ixture contained 9.5  mM 2-oxoglutarate, pH 7.4,

9.5 mM L-am ino ac id  (neutralized) ,  pyridoxal  phosphate 

(9.5 m g m l±1)  and dialysed tissue homogena te (0.5  ml)  in  a

volume of 1 .05 ml.  In  the blank test, the amino  acid was

replaced with dis ti l led  w ater.  T he  cont ro l  conta ined  boiled

homogena te.  The hom ogenate  w as added last  and the  reaction

m ixtu re was imm ediate ly m ixed  and gassed with  ni trogen . The

test  tube was sealed  with a  rubber bung and transferred to  a 37°C

water  ba th . According to  the results obtained in  pre l im inary

tests,  a reac tion t ime of  60  min was used for  alanine and 120 min

for  other  amino acids. After  incubation, the reaction w as

stopped by keeping the  tube in  bo il ing water  for  5  min . The

d en a tu red  pro te in  was cent r ifuged  down (1900g, 15 min) and

th e sup ernatan t  w as deep-frozen (±20°C) to  await  analysis .

Paper chromatography
React ion ex tracts (5±20 m l , depen ding  on the am in o acid)  w ere

ap plied  t o  2 5 ´  2 3 cm  W hatm an N o. 1  pap er.  A standard  o f

0.01 M glut amate was i nclud ed.  C hrom atog ram s were

develop ed  by the ascendin g m ethod.  T he solvent  for  a lan ine,

m ethio nine,  val in e, leucin e, phen ylalan ine,  t ry p to p h an ,

tyro sin e a nd isole ucin e w as n -bu tano l±m eth ano l±w ater  

(10 : 10 : 5)  (Rowsell 1962), for aspartate  and orn i th in e,

pyridine±acetic  ac id±water  (Decker and Riffart  1950) and  for

glycine ,  arg inine,  his t idine,  lysine,  pro line, se rine,  threo n ine ,

b - alanine and ci tru l l ine, phenol±water  (115 :  10)  (Clark and

Switzer  1977) . After  developm ent,  the chrom atog ram s were

dr ied  in  a  curren t o f  warm  air.  P apers were  sp ra yed  w ith  0 .5%

ninh yd rin  i n  71 %  etha no l a nd  he ated  at  6 5°C for  20  min .

When glutam ate deriving from  2-oxoglu tarate  was  observ e d  o n

th e  c hrom atogram , i t  was regarded  as eviden ce of

tran sam ination .  T he g lutam ate sp ots  were  cut  ou t  of  the paper,

and as  a  b lank a  ch romatogram rectangle of  the same size

w hich  n o am ino  acid  had  pe rmeated was used.  Rectang les  cu t

into  smal l  pieces w ere ex tracted with 5 m l of  70%  ethanol in

test  tubes.  A bsorban ce  was measured at  5 75 nm  u sing  a

sp ec trop hotom eter  and th e concentr at ion of  g lutam ate was

calculated per  mg  pro tein.  S am ples w ere  spo tted  o n

c h rom atogram s as du plica tes.  P ro tein was est imated  accord in g

to  the method of  Rowsell (1962) .

Statistics
T he 95%  con fid ence interv als  w ere calcula ted  for  a ll  test

gro u ps an d  t he y w ere  co m p ared  with  the mean  of  contro ls at  0,

1  and 4 days i n  eac h tr ansam in ation  m easurem en t.  T he  p oo led

sam ples w ere  u sed  t h ro ugh out  the exper im ent.  T h erefore ,  the

st a n d ard  dev iat ion of  the contro ls (between 0,  1  and 4 days)

was also u sed to  d escrib e the s tand ard  dev iat ion of  every  test

sa m p le.

Results
T h e resu lts o bta ined on the specif ici ty  of  various

transam ination react ions using L-amino  acids and 2-oxoglutarate

a re  sum m ar ize d in  Table 1 . A high degree of  t r ansam ination

w as ob se rv ed between 2-oxoglutar ate  and alanin e,  aspartat e

an d  o rn ithine. A  sl ight  degree o f  t ran sam in atio n w as sho wn

wi th m eth ion ine,  le ucine,  iso leucin e,  ph enylalanin e, serine,

t ry pto ph an ,  t hreo nine,  tyrosine and valine.  No  tran sam in ation

in  the  p revail in g test  condit ions was observ ed  b etw een  

2-oxoglutarate  and glycine , arg inine,  his t idine,  lysine,  pro l in e,

ci tru l l i ne  a n d b -alanin e.

T he effect of  WA F ex posure  was s tudied o n six

tran sam inatio n reac tions. In  the exper iments,  al l h igh degre e

transamin ations with alan ine, aspartate  and o rn ith in e,  an d in

add it i on  th ree al iphatic branched chain  amino ac ids, leucine,

iso leucine and v al ine,  were  observed. T he results are  p re se n te d

in Figure  1. T he m os t noticeable changes  during the WA F

ex p o su re  w ere observed in  the gi l ls and m antle .  When the dose

was 80 ml of  WA F per  day, the activity of  ALAT in the gi ll s

d e c reased  by 77%  in 1 day agains t the m ean of  the contro l

values. After  three m ore  days the decline com pared  w ith the

co n trol  was on ly 30% . AL AT ac tiv i ty  in  the m antle incre as ed

above the contro l value  with 80 m l of  WAF in 4 days by 55%

co m p ared with the con tro l . ASAT ac tivity  increased in  the gi l ls

af te r  4  days with both doses , by 52%  with  80 m l and by 45%

with 240 ml of  WA F com pared w ith the con tro l. Orn ith in e

transamination ach ieved a  higher  level  comp ared  w ith th e

co n tro l in  4  days w ith both  doses in  the  gi ll s and in  1  day in  the

mantle . In  the gi ll s,  the highest  change was 75%  with the 80  m l

dose  and 50%  in the mantle  with 240 ml. In  the digest ive gland ,

the highest  increase w as  94%  with the 240  ml dose  in  1  day.

M. Narvia and P. Rantamäki254
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In  the case  of  leucine,  iso leucine an d valine tr an sam ination

th e chan ges caused by  WAF  exp osu re  w ere  m ostly  neg lig ible .

With  iso leu cine the hig hest  chang e was observe d in  t he

digest ive gland,  i .e .  a 39%  decrease  in  4  days with a  dose  of

240 m l. With leu cine t ransam ination the m o st  rem ark ab le

change was to  be seen in  the gil ls.  A fter  4  days with  the dose of

8 0 m l,  leucin e tr ansam inatio n h ad i ncreased  by  6 4%

c o m p a red w ith  th e c ont ro l.  The act ivit ies of  the thre e

am inotransf er ase  in  the digest ive gland fol lowed the sam e

p at te rn,  i .e . the WA F ex po su re  de creased th e ac t iv it ies

co nsist ently  wi th t he d ose.

Discussion
In  th e pre sen t  s t u dy,  th ere  w ere  th ree h igh  degre e

tr ansam inations in  the t issues of  M ytilu s ed ulis in  the Balt ic

S ea:  a lanine,  aspartate  an d orn ith ine tr ansam ina tion .  R ead

(1962) demonstrated  AL AT an d A S AT ac tiv i t ies in  t issues of

M ytilu s edu lis in  the Atlantic  Ocean, but  orn i t h in e

tr ansam ination was n ot  s tu died.  In  thi s stu dy no at tem pt  was

m ade to  o btain m ore  inform ation on  orn it hin e tr an sa m in ation .

O rnith ine transam inase  act ivi ty  may  be inv olved o r

al t ernat ively  the specif ici ty  of  other  transaminases is so

ov erlapping  that  orn ithin e can  also  be used  as a  substrate .

A lso ,  other  tran sam ination s were  observed by  Read al tho ugh

the act ivi t ies w ere neg ligible .  T he am ino acids w hich  rea ct e d

w i th  a -ketoglutarate were  glycine,  m ethionine,  leucine,

isoleucin e,  his t idine,  p heny lal an ine,  serine,  t ry p to p h a n ,

t h reo nine,  t yrosin e and v aline. In  th e pres en t  s t ud y,  no

t ran sa m inat ion  w as fou nd  be twe en a -ketoglutarate and glycine

o r h ist idin e,  otherw ise  the sam e sl ight  act ivi t ies w ere

ob served .  With  A LAT an d AS AT, alanine,  aspart i c  ac id an d

glutam ate  are  transform ed to  w ith the co rresp ond ing  k eto acid

in t erm ediates of  the cit ra te  cyc le.  Accord ing to  Read (1962)

both ALAT and AS AT reaction s are freely reversible . In  m any

o rg anism s o rn ithine can also  enter  the ci tra te cycle  by

transamination via  glutam ate.  I n  bivalves the pathw ay has not

b een  stu di ed .

In our form er  s t ud y,  the accum ulation of  orn i th in e,  u rea  a n d

N H
3

wa s ob served in  the gi l ls and m an tle  of  M ytilus edu lis as a

consequence of  crud e oi l  ex po sure  (S oin i  and Rantam äki

198 5),  w hich sug gests  enhan ced  pro tein ca tabolism. T he ratio

b etwe en  u re a a nd  N H
3

co ncentrat io ns in  th e gi l ls  and the

m an tle f luctuated m ostly  between 1 0 and 1 00.  As a  m arine

bivalv e M ytilus edulis  wo uld be ex pected to  b e an

am m ono tel ic  species,  an d acco rd ing  to Bayne  (1973) , M ytilus

ed ul is  in  the N orth S ea excre ted the m ajori ty  of  thei r  ni tro g en

as am mon ia o r  amino -N. In  our s tu dy M ytilu s edulis,  ad ap te d

to th e brackish  water  of  the nort h e rn  Bal t ic  Sea  (sal ini ty

5±7½ ),  was observed to  be ureotel ic . And rew s and Reid (1972)

w e re able  to  detec t a l l of  the enzym es of  the urea cycle ,  except

carbam ylphosphate  synthetase ,  in  th e digest iv e gland of

M ytilus ca liforn i a n u s.  Accord ing to  them , lo w sen si t ivi ty  in

the analytical  techniq ue possib ly caused  the inabil i ty  to

dem on st r ate  carbam ylph osphate  syn thetase.  No ne o f  t he

en zy m e s w ere  p resen t  in  the m antle ,  and the gi l l  t issues were

not  an aly sed.  F or interpre t ing the results of  the prese nt  s tu d y,

inform ation about the functioning of  the urea cycle  wo uld be

useful .  O ur stud y dem onstrated a  high  degree of orn i t h in e

transamin ation in  the gi l ls , man tle and dig est ive g lan d and the

e x p o su re to  WAF  in creased the tr ansamination  in  the gi l ls and

m antle  and also ,  in  som e cases, in  the diges t ive gland . T he

elevated orn ith ine level  in  the gi l ls  and m antle  m ight  be du e to

the inhibition of  orn ith ine tran scarbam ylase in  the dig es t ive

gl and  an d the sub seq ue nt  t r anspo rtation of  orn i th in e vi a

haemo ly mph , to  the local  in hibit ion of  orn i t h in e

transcarbamylase  in  gi l ls , or  to  the increased  re lease  of

a rg inine in  the consequence o f  pro tein catabo lism  and  i ts

su bseq uent  degrad ation t o  orn ithine b y arg in ase  even  w ith ou t

the fun ction ing urea cycle . By elevated  orn ith ine  t ra nsa m in ase

activ i ty, orn ith in e co uld be m ore effect ively directed  to  the

ci trate  cyc le to  pro du c e en ergy.

T he act iv i ties of  ALAT an d AS AT also  reacted  to  WA F. An

e x p o su re of  1  day  reduced m arkedly the ac t ivi ty  of  AL AT in

gil ls.  In  the mant le, the  act iv ity  of  ALAT increased.  A cco rd in g

to H ei tz et  al. (1974) the activity  of ALAT in oyster s w as

sign if icantly  s tim ulated by  the exposure  to  cru de oi l .  T h e

ac tivi ty  of  so lub le ALAT in the com bined  hom ogenates  of  al l

t issues of  oysters  was elevated  o n the secon d day of  the

experim ent to  13 0%  of the contro l,  af ter  w hich i t  re tu rn ed  t o

th e c on tro l  level .  T he m itochondr ial  en zy me level  w as

elevated  signif ican tly  on  day 7. Rac ico t  et al . (1975) observ e d

that CCl
4
, g iven as one in ject ion, caused  the lower level  of

ALAT act ivi ty  in  the liver  of  rainbow trout  (Salm o gaird n e ri).

T he ac t ivi ty  w as at  it s  lowest  on the third  d a y.  At the end of  the

10-day p er io d the ac t ivi ty  had re tu rned  to  near  the co ntro l

level.  Accord ing to  Santos et al . (1990) kraft mill eff l ue nt

signif ican tly  lowered AL AT and  A S AT activi ty  in the liver  of

yel low ee l (A nguil la  angu il la  L.) in 3  weeks.  Gupta et al. (198 3)

Effects of oil on aminotransferases of Mytilus 255

Transamination with

Amino acid 2-oxoglutarate

Alanine +++

Aspartate +++

Ornithine +++

Glycine ±

Methionine +/±

Leucine +/±

Isoleucine +/±

Arginine ±

Histidine ±

Lysine ±

Phenylalanine +/±

Proline ±

Serine +/±

Tryptophan +/±

Threonine +/±

Tyrosine +/±

Valine +/±

Citrulline ±

b -Alanine ±

Table 1. Specificity of transaminations in Mytilus edulis between L-amino

acids and 2-oxoglutarate.

Key: +++ indicates high degree of transamination, +/±  slight degree and ±  no

detectable degree of transamination.
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fou n d th at  ph en o lic  co m p ou nd s i nc reased the activi ty  of

AL AT by 17% ±121%  in  the gi l ls of  the f ish  No to pteru s

n otop teru s  c o m p are d w ith the co ntro l  and of  AS AT by

1 7% ±1 0 9% , respec tively af te r  15 and 30 days’  exposure .  T he

only m ar ked  change of  A SAT ac tivi ty  in  the pre se nt  s t ud y  w as

on the fo urth day in  gi ll s  wh en  the act ivi ty  in cre ased by  52 %

and  45 %  o ver  th e con tro l  level with 80 m l and 240  ml d oses,

re sp ectiv ely. T he st r ik ing feature  in  the in creased AS AT

M. Narvia and P. Rantamäki256

Figure 1. Effect of WAF exposure on transamination reactions in the gills, mantle and in the digestive gland of Mytilus edulis. Activity is expressed as nmoles of glutamate

h± 1 mg± 1 protein. (a) ALAT, (b) ASAT, (c) ornithine transamination, (d) leucine transamination, (e) isoleucine transamination and (f) valine transamination. C = mean of controls

of 0, 1 and 4 days, A = WAF 80 ml, 1 day (total dose 93 m g± 1), B = WAF 80 ml, 4 days (total dose 303 m g l± 1), D = WAF 240 ml, 1 day (total dose 278 m g l± 1), E = WAF 240 ml,

4 days (total dose 909 m g l± 1). N in controls = 38, N in test samples = 13. Activities with 95% confidence intervals are shown.
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act ivi ty  was the lack of  response to  a  change in  dose.  Th e sam e

featu re is  noticeable  in  several  other  cases in  this  study.

L iv ingstone (1985) re p o rte d t he ph eno m ena to  b e u biq uitou s

in  t he response  o f  organ ism s to  pollu tants . W hen th e chan ges

in act ivi t ies of  enzymes are  used as a  m easure  of  pollut io n, the

reactio n m ay be ind ependent of  the concentr atio n of  a

pollutant . O ikari  and Jim enez  (1992) thorou gh ly  d iscu ssed  the

lack of  a  dose±resp o nse  re lat i on ship  i n  con ne ctio n w ith

enzymes of  f ish  as  indicators o f  complex m ix tures of

p ollu tants .  S om e of the com po und s m ay have an i ndu cible

effect  on several  enzy me act ivi t ies  and others  act  as inhibit ing

factors. Cru de o i l  m ay have the sam e poten cy.  R ed dy  an d

Yellamm a (1991) observed elevated AL AT an d AS AT act ivity

in  l iver, brain  and gil l t issues of  the f ish  Ti lap ia  m ossam b ica

fol lowin g exposure  to  cyperm eth rin ,  a  pyre thr in- ty pe

in se ctic ide.  T hey  con clud ed that  t ran sam in ation  w as used to

in c rease the product ion  of  keto  acids of  the ci trate  cycle  to

co pe w ith the elevated energ y dem an d created by the toxici ty

of cypermethrin.  Th ey  also  n oticed a  change in  the ratio  of

AL AT and  A SAT activ i ty  durin g the exposure  and sug gested a

select iv i ty  betw een pyruvate and ox aloacetate f orm at io n  in

t issues. Probably the elevated transam inase  act iv it ies observ e d

in  th is  s tud y are co rresp ond in gly  i n  c onn ection  w ith  en ergy

p rod uct ion .  T h e d ecreased AL AT ac tivi ty  in  the gil ls af ter  1

d ay  ex po su re  m ay b e due to  th e season and t he nu tr i t ion al

state  of  the m usse ls.  In  the la te w inter  musse ls h ave to  use

p ro tein as  their  en ergy  source. T he  gro win g d em and for  en ergy,

cau sed  by  chem ical  st ress,  m ay h av e changed the re lat ive

im p o rtance  of  react ion pathw ays.  I t  is a lso possible that  AL AT

in the gil ls is m ore  exposed to  the to xic  comp ounds of  cru d e

o il  in  w ater  th an  the sam e enzym e in the m antle  or  the

digestive gland.  A fter  4  days when the enzyme activi ty  had

re tu rned to  n ear  t he con tro l level,  the  rep air in g  m e cha ni sm s

against ce l lular  dam age were  p robably  effect ively re cru i t ed .

T he br anched  am in o acids leucine,  isol eucin e and  val ine

form ed  20 %  (m olar  p ercentages)  of  the am ino ac id conten t  of

p ro te ins in  gi ll s (Soini and Rantam äki 1985) . However,  t hese

a m ino  acid s w ere  not  am ong the free am in o acid s in  the g il ls

(w hen  94%  of the total  was calculated) af ter  the oi l  exposure

although the total  am ount of  free am in o acids m arkedly

in c reased.  T h e increase  is  sup posed to  be due to  degrad at ion  of

cytosolic  pro teins.  X enob iotics  such  as ph enanthrene ,  a

co mp onen t of  crud e oi l , induce the d es tabil izat io n of

lysoso m al m e m brane s w hich  i ncrease the pro tein  catabolism

in  sh o rt- term  e xp o su re  in  M ytilus edulis  (Vi areng o et al . 1992) .

T h e rea rrangements of  the free am ino acid pool  seem  to

p roceed by reactio ns oth er  t han t ransam inatio ns,  because the

e x p o su re  to  oil  m ost ly  seem ed to  re du c e th e se

tr ansam inations.  T h e di st in ct  ex ceptio n w as leuc ine

transam ination in  gi ll s.  L ivingstone et al . (1979) suggested that

in  the case  of  an  abru p t  i n crease in  sal ini ty,  w h e n the

concentrat ion of  free am in o acid s increases,  the change of  the

am in o acid co m posit io n co uld occu r n ot  throu gh ini t ia l

tr ansam ination  bu t  by  a  pro cess of  deam in ation  and

ream inat ion . T he m ost  im p ortant  enzy mes co uld be ei ther

a la n in e d eh y d rogenase  or  a  combination of  glutamate

d e h y d rogenase  and AL AT.

T h e inte rp retat ion of  the results is co mplicated b y the fact

that  oi l  in  w ater  may m ake m ussels tem porari ly  close their

valves and change ov er  to  anaero bic m etabolism . T hus th e

changes in  enzym e ac tivi t ies are  a  com binat ion of  the dire c t

effect  of  chem icals and anaerobic metabo lism. T he m ajor end-

p ro ducts  of  anaero bic metabolism  in m ar ine bivalves are

su ccinate  an d alanin e (S tok es and Aw apara 1 968 ; H am m en

1969, De Z waan  and Z andee  1972, De Z waan an d Va n

M a rrewijk 1973) . Organic  toxicants h ave also  been found to

distu rb  th e a naerobic m etabo lism. Wan g et  al. (1992) have

sho w n  tha t  pe nt ach lorop heno l and  tr ibuty lt in  caused a  sh if t

from  succin ate  to  lactate  anaerob ic p athw ay s in  M ytilus edulis .

A s a sum m ary,  the fol low ing statements  can be m ad e in

re lat ion  to  processes involved in  amino transf erase  re sp o nse  t o

oil  pollut ion.  I t  is not  poss ib le  to  f ind any compre h en s iv e

inform ation  in  the l i ter ature.  In  the prese n t  s tu d y,  no

histolog ica l  w ork has been perform ed, w hich  m akes i t  d iff icu lt

to  evalu ate  the invo lv ed processes,  so me suggest ions could be

m ad e,  h ow e ve r.  Chemical  s tress  resu lts in  the s t imu lat io n of

m etabolic  r ate  and pro tein catabolism  and p oss ibly a  ch an ge in

th e re lat ive im p ortance of  the reacti on  p ath wa ys.

H y d rocarbo ns are also  kn own  to prom ote  p ro tein  catabolism

by the destabilizat ion of  lysosomal membranes (Bayne 1989,

Viarengo et al.  1 992),  b y which act ion h ydro lytic  enzy mes are

re leased inside the cell .  T he transf ormation of  re lea sed  am in o

acids to  keto  acids in  the cit ra te cycle to  pro d uc e en e rgy

dem an ds tr ansam inase act iv i ty  and  so d oes repair ing ce l l

damage.  T he elevated AS AT activi ty  in  the gi l ls and the

ch ang ed AS AT/AL AT activi ty  r at io  could be connected to  this

suggest ion .  Elevated orn it hin e t ran sam in atio n co uld  b e

asso ciated w ith  deali ng with  pro tein catabo lism  end pro d u ct s ,

tho ug h the m echan ism  is  n ot  y et  kno wn .

A s regards the use of  t ransam inases as an indicator  of  oil

sp i l l  in  sea w ater,  m ost  changes are  re lat ively sm all  and  so m e

enzym e act iv it ies  rapidly  re tu rn  t o  n orm al lev el .  T he m ost

p ro m isin g ind icator  could be con sid ered to  be the orn i t h in e

transam inat ion in  gil ls . Because  several  authors  have re p o rt e d

that  pest icid es and  other  ch emicals a lso  aff ect  t ran sam inase

ac tiv i ties, further  re se arch wo uld  b e need ed to  discov er the

typi ca l  pat tern  of  the effects of  differen t  po llu tan ts .
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