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Several free D-amino acids, which were thought not to exist in eukaryotes, have recently been
detected in various aquatic invertebrates. In particular, free D-alanine was found in large amount
(3-50 mmol/g wet wt.) in the tissues of several crustaceans and bivalve mollusks. Under high
salinity stress, these amals largely accumulate D- and L-alanine irrespective of species,
together with several der non-essential L-amino acids of which increases are species dependent.
In thee species, D-alanine is proven to be one of the major compatible osmolytes responsible for
the intracellular isosmotic regulation or cell volume regulation. D-Alanine is also accumulated
with L-alanine and inoganic ions in the tissues of Japanese mitten cEabocheir japonicus
during gonadal maturation in the river and during spawning downstream migration toward the
sea.

Under hypoxia stress, red swamp crayfiBhocambarus clarkii increased D- and L-alanine in
muscle andhepatopancreas in addition tbe increase of lactate. The increase is much higher in
seawater than in freshwater. Thus, D- and L-alanine are possible to be anaerobic end products
during prolonged hypoxia of this species and other invertebrates.

Alanine racemase [EC 5.1.1.1] has been proven to catalyze the interconversion of D- and L-
alanine in crustaceans and bivalve mollusks and purified from two crustacean species and a
mollusk. The enzyme isolated from the muscle of black tiger prd&gnaeus monodon is a dimer
having molecular mass of 90 kDa. Several partial amino acid sequences of peptide fragments
obtained from the isolated enzyme showed positive homologies from 52 to 76% (identity from 31
to 45%) with bacterial counterparts and a catalytic tyrosine residue of the bacterial enzyme was
also retained in the prawn one, indicating that alanine racemase gene is well conserved from
bactria to invertebrates.

(Key Words) alanine racemase, D-alanine, D-amino acid, hypoxia, invertebrate, isosmotic
regulation, metabolism, physiological role
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Table 1. Distribution of free D- and L-alanine in the muscle of aquatic crustaceans

FERLEESL - BRITEWY.

Species Muscle D-Ala L-Ala D/(D+L)% Reference

Kuruma prawn Tail 3.43 5.54 38.2 [5]
Penaeus japonicus Heart 4.15 6.79 37.9

Shiba shrimp Tail 13.6 18.5 42.4 *
Metapenaeus joyneri

Pink prawn Tail 5.95 14.9 28.5 *
Pandalus nipponensis

Crayfish Tail 3.23 6.83 32.1 [5]
Procambarus clarkii Heart 3.97 9.32 29.8

Rock lobster Tail 6.07 7.24 45.6 [5]
Jasus lalandii Heart 14.6 9.7 60.1

Coconut crab Tail 17.3 24.1 41.4 *
Birgus latro

Snow crab Leg 11.9 14.9 44 .4 [5]
Chionoecetes opilio Heart 3.63 9.65 27.3

Japanese mitten crab Leg 16.8 24.0 41.2 [5]
Eriocheir japonicus Heart 6.36 15.4 29.2

Marsh crab Leg 5.27 8.89 37.2 [5]
Holometopus dehaani

Shore crab Leg 4.05 10.1 28.5 [5]

Hemigrapsus penicillatus

pumol/g wet wt. *Unpubl. data
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B BCH I TZD D-7 7 =¥ Oy #i
Z Table2 IZ/x 3. BEIZE I M (Pterimorphia)
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T AU HW YU H = Procambarus clarkii &
&*W%iﬁﬁi?%ﬁéﬁék,ﬁ%?

T BREITIZIE 2 AT 5 (Fig. 1).

Table 2. Distribution of free D- and L-alanine in the muscle of bivalve mollusks

Sub-class/Species Muscle D-Ala L-Ala D/(D+L)% Reference
Pterimorphia
Ark shell Adductor 0.06 7.76 0.8 [6]
Scapharca broughtonii Foot ND 6.07
Oyster Adductor ND 8.64 [6]
Crassostrea gigas Mantle 0.06 2.88 2.0
Scallop Adductor ND 21.9 [6]
Patinopecten yessoensis
Pearl oyster Adductor 0.36 10.2 3.4 *
Pinctada martensii Mantle 0.04 1.85 2.1
Pen shell Adductor ND 12.4 *
Atrina pectinata
Heterodonta
Surf clam Adductor 41.4 16.4 71.6 *
Mactra chinensis
Otter shell Adductor 23.2 13.7 62.8 [6]
Tresus keenae Foot 16.5 9.04 64.6
Siphon 50.6 9.93 83.6
Hard clam Adductor 29.4 25.0 54.0 [6]
Meretrix lusoria Foot 31.2 33.7 48.1
Siphon 9.95 11.8 45.7
Short-necked clam Adductor 13.3 14.5 47.8 [6]
Ruditapes philippinarum Foot 9.92 16.5 37.5
Siphon 8.68 13.7 38.8
Sakhalin surf clam Adductor 22.1 14.6 60.3 [6]
Pseudocardium Foot 27.8 19.6 58.7
sachalinensis Siphon 26.7 9.00 74.8

pmol/g wet wt. *Unpubl. data

. ND, Not detected.
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Fig.1. Changes of the major free amino acids in the tissues of crayfish during acclimation from
freshwater to full-strength secawater. Salinity in the rearing water was gradually increased using an
artificial seawater salt mixture. After 2 days acclimation in 1/4 seawater, salinity was increased to 1/2-

400

Cont ent

seawater. Salinity was then gradually increased after that up to 3/4-seawater level taking 2 days and then

up to full seawater level (3.5%) taking 2 days.
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KIZER S EZT AV DTV =213 ¢ A
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L A& BAML, TOH% 872 \wWL 12 WA
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FIEBEFCHMWIZETFTL, ZUVa—4Fv
DT LIBOBMMMAEZEICEZS. Zh
HlxmEEHICIE T be— b LRI
T HMmAERT. [KEEHE N T D-, L-7 7
SV LBEFICHEML, WAKT T oEMI
% L\ (Fig. 2).
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Fig.2. Changes of D-(M) and L- ([J)alanine in
muscle of crayfish during anoxia (PO,< 0.1
mg/mL for 12h) and recovery (12h) in freshwater,
50% (17ppt), and 75% (25ppt) seawater. *p<0.05,
**p<0.01. Refer to the legend of Fig.l for
seawater acclimitation method.
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T 57%, B.stearothermophilus T 53%% &
W Listeria monocytogenes T 52% T d - 72
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B, ¥ bbbl vy 39 BIUOF R
Y265 RO ENE L ALTHEY[29], Fig.
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26l
3Tl

RTOMEBEERBL OV EfHRAEERET
REINLTWSE., LR >,T, 7=t
ARase HbMIEH O Z N EEHLE DO AT =X A
TD-,L-7 9=k Ifbaiitssy
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L. B30 7T 7 A ML Vibrio cholerae
O #Ht ¥ ARase B L OV Enterococcus

gallinarum ®& VY v ~—E & 53%DF
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yixaice o X o R EHKEREIC D-7 7 =
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Urlkokxoic, D-77 =% 0
FHEHFEICS W CEERAHEERE L R
LTWBZENPHLMNZRoT., THET
EzbhTwizmkoic, ik Eo A Wi L-
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TR, HWENIC D-T I JBBY AT A
MDIEEL, EMY AT LAOHFICHEBL T
Wb, Z®O D-TI /@By AT AOHRIX
FEBICOVWREE»YTHY, 5K EZL D
YT URATLARHEHLNIZR ST DbD L
BEZoND . R FEAE BT D KA I HE
B oNTH D-T X/ BOKRMO AR
HRE & D WL AR H O R NS %Y
WD AR LA V.

PETIITSEDEWIANFITGWSDOLSRREL FPenasus mooodon
GATITAMIDEMIGTYPIGYARGYREREL Z97[Lacfobacilins plantarum]
GATITVEQDEWIGTVEIGYADGYFRCL Z9Z[L.reuteri]
GATYITAQTEEWIGTIFIGYADGVER ZO9[Becillus

CATITAEED TWIGTLFIGYADGWIRML I93[8.paychrosaccharalyticus)
FPALALYTEMVEVEELAFGDSVEYGATYTATEREWVATLF IGYADGLIR 88 [Listeria monocytogenses |

SIRVERMELEDERITEVVEOL 382 [Bacillus paypchrosscebarodyticus]

LELEASEFFTERGITREVAATTECVQILGTDLIFIRFPGGAITELCS Fasnaaus moacdoa
38 ITLEVANSETALEVPEAQLDMVRRGSVLEG 288 putabive alanine racemase

[Vabrie chaleras)

517 ILLELDOROISYEIT-BLOSSYSILNYFOLEIDYVARGILLIGSLS 561 serine racemeas VanT

[ErRfarccoccus gallinarum)

Fig.3. Comparison of partial amino acid sequences of alanine racemase from the muscle of P. monodon to
the corresponding region of that from bacteria. Amino acids identical with those of P. monodon are
underlined. A catalytic tyrosine residue, which is known as tyrosine 265 in alanine racemase from B.

stearothermophilus, is boxed.
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