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 Severa l f ree D-amino ac ids,  wh ich were though t no t to  ex ist in  eukaryotes , have recent ly  been
detected in  var ious aquatic inver tebra tes.  In  par t icu lar, f r ee D-alan ine was found in  la rge amount
(3-50 mmol/g wet wt .)  in  the t issues of  severa l crustaceans and b ivalve mo llusks. Under h igh
sa lin i ty  st ress , these animals la rge ly  accumu late  D-  and L-alan ine ir respective of  species,
together  wi th  severa l o ther  non-essent ial L-amino ac ids of  wh ich increases are species dependent.
In  these species, D-alan ine is  proven  to  be one of  the major  compat ib le  osmoly tes responsib le fo r
the in tracel lu lar  isosmo tic regula t ion  or  ce l l  vo lume regula t ion . D-Alanine is  also accumu lated

wi th  L-alan ine and inorganic ions in  the t issues of  Japanese mi tten  crab Er ioch eir  ja ponicus

du r ing  gonada l matura tion  in  the r iver  and du r ing  spawning downst ream migrat ion toward  the
sea.
 Under  hypoxia st ress , red swamp crayf ish Procamba rus clarki i  increased D-  and L-alan ine in
muscle  and hepatopancreas  in  addit ion to  the increase of  lactate. The increase is  much h igher  in
seawater than in  f reshwater. Thus, D-  and L-alan ine are possib le to  be anaerobic end products
du r ing  pro longed hypoxia of  th is species and other  inver tebra tes.
 A lan ine racemase [EC 5.1.1.1]  has been proven  to  ca talyze the in terconversion of  D-  and L-
alan ine in  crustaceans and b ivalve mo llusks and pu r if ied f rom two crustacean  species and a
mollusk. The enzyme iso lated f rom the muscle  of  b lack t iger  prawn Penaeu s mo nodo n  is  a d imer
having  mo lecu lar  mass of  90  kDa. Severa l par t ia l amino ac id sequences of  peptide f ragments
ob tained f rom the iso lated enzyme showed  posit ive homologies  f rom 52  to  76% ( ident ity  f rom 31

to  45%) wi th  bacter ial counterpar ts and a ca taly t ic ty rosine residue of  the bacter ial enzyme was
also re tained in  the prawn one, ind ica ting  that alan ine racemase gene is  we ll  conserved f rom
bacter ia to  inver tebra tes.
(Key Words)  alan ine racemase, D-alan ine, D-amino ac id, hypoxia, inver tebra te, isosmo tic
regula tion , metabo lism, physio log ical ro le
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Fi g .1 .  Ch anges o f  th e ma jo r  f r ee am ino  ac ids in  th e t i ssues o f  cr ay f ish  du rin g  accl im atio n  fr om
fr eshw ater  to  fu l l -s t ren g th  seawat er.  Sa l in i ty  in  th e rear in g  wa ter  was g r adua l ly  in crea sed  us ing  an
ar t i f i cial  seawat er  sa l t  mi x tu r e.  Af ter  2  days accl im atio n  in  1 / 4  seawat er,  sa l in i ty  was in crea sed  to  1 / 2 -
seawat er.  Sa l in i ty  was th en  g r adua l ly  in crea sed  af ter  th at  up  to  3 / 4 -seawat er  level  tak ing  2  days an d  th en
up  to  fu l l  seawat er  level  (3 .5%)  tak ing  2  days.
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Fi g .3 .  Co mpar ison  o f  pa r t ia l  am ino  ac id  sequen ces o f  al an in e racemase fr om th e mu scle  o f  P. mo nodo n  to
th e co rrespond ing  reg ion  o f  th at  f r om bacter ia .  Am ino  ac ids id en t i cal  wi th  th ose o f  P. mo nodo n  ar e
un derl ined .  A ca taly t ic  ty rosi ne re sidu e,  wh ich  is  kn own  as  ty rosi ne 26 5  in  al an in e racemase fr om B.
st earo t herm oph i lu s ,  i s  bo xed .
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