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                           Artemia franciscana
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ABSTRACT-To  investigate post-dormant regulation  of trehalose metabolism  in the brine shrimp,  we  cloned

and  characterized  two  trehalase cDNAs  from embryos  of Artemia ttanciscana using  a PCR  probe corre-

sponding  to a  highly conserved  region  among  trehalases. The cDNAs  consisted  of 2496 and  2485  nucle-

otides, and  had almost  the same  open  reading  frame encoding  703 amino  acids  which  showed  46.642.6%
similarities to trehalases of animals.  The calculated  molecular  mass  ot the trehalase was  79,995 Da. The

deduced sequence  had a cleavable  signal peptide, a cell adhesion  motif, four potential N-glycosylation sites,

trehalase signatures  and  a  unique,  long carboxyl  terminal polypeptide containing a  predicted transmem-

brane region  and  a  potential cAMP-dependent  phosphorylation site. Phylogenetic analyses  showed  a large

divergence among  trehalases of arthropods.  Northern blots revealed  the presence of two mRNAs.  One  of

them, a 2,6 kb mRNA,  was  abundant  in the dormant cysts  and  prenauplii, The other  5.0 kb mRNA  was  newly

synthesized  during post-dormant development. Possible mechanism$  of trehalase regulation  are presented
on  the basis of the results shown  by the Northern blots and  developmental changes  of trehalase activity.

INTRODUCTION

   Various organi$ms  accumulate  ct, ct -trehalose, a  non-re-

ducingdisaccharideconsistingoftwoglucoses,againstphysi-
ological and  environmental changes.  The accumulated  treha-

lose has a  role as  an  anti-stress  molecule.  For instance, in

yeast, such  anti-stress  effects of trehalose against  dehydra-
tion, heat shock,  freezing and  ethanol  have been reported

(reviewed by Nwaka  and  Holzer, 1998). These anti-stress  ef-

fects ot trehalose are  thought to be due to its protective func-

tion on  the cell membrane  or proteins (Crowe et al., 1987,

1988).

   Embryos  of Artemia entering dormancy aiso  accumulate

ct,a-trehalose.  This accumulation  is not  observed  in non-

dormant embryos  {Clegg, 1962, 1965). The amount  of treha-

lose in the encysted  dormant gastrula represents  15%  of its
dry weight  (Clegg, 1962, 1965). Under appropriate  circum-

stances,  the encysted  embryos  resume  their subsequent  de-
velopment  and  the tfehalose is hydrolyzed by a  trehalase (EC
32.1.28).

   In our  previous study (Nambu et aL, 1997a), a soluble,

alkaline trehalase with a molecular mass  of 70 kDa on SDS-

polyacrylamide gel electrophoresis  was  purified from devel-
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oping  embryos  of Artemia. The  Artemia trehalase showed  a

$ignificant increase in its activity at the prenauplius stage  and

the activity decreased after hatchjng (Nambu et al., 1997a).

Hydrolysis of trehalose provides glucose to produce glyco-
gen and  glycerol, which  are  respiratory  substrates  in the
Artemia cysts  {Clegg, 1 964; Ewing and  Clegg, 1 969), lt is also

suggested  that accumulated  giycerol increases the osmotic

pressure in the cysts,  resulting  in a rupture  of the shell

followed by the emergence  of prenauplii surrounded  by hatch-

ing membrane  (Clegg, 1964). Therefore, the temporal regula-

tion of the trehalase activity is significant in post-dormant
development. To investigate the mechanisms  of trehalase
regulation, we  cloned  a  228 bp cDNA  fragment of the Artemia
trehalase using  a  polymerase chain  reaction  (PCR) (Nambu
et al., 1997b). In the present report, we  describe the cloning

and  characterization  ot Artemia trehalase cDNAs  encoding  a

full open  reading  frame (ORF) and  $how  the results  of North-

ern blots and  phylogenetic analyses.

MATERIALS  AND  METHODS

Animats

   Dried cysts of Arternia hanciscana from  the  Great Salt Lake in
Utah, USA  were  obtained  from Japan Pet Drugs Co. (Tokyo and  Los

Angeles, CA, USA). The cysts were  hydrated and  cultured as  de-

scribed  by Nambu et aL (1997a).

NII-Electronic  



The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  of  Japan

270 S. Tanaka etat.

RNA  extraction

   Total RNA  was  extracted  from O.5 g of  the  wet  weight  of the
embryos  and  nauplii  according  to the method  described by Maniati$
et aL  (1982) with  some  modifications,  Each  specimen  was  homeg-

enized  in 2.5 ml  ot a  guanidine thiocyanate  solution. The homoge-
nate  was  centrifuged  at 4,eOO rpm  for 5 min  and  total RNA  was  ex-

tractedfromthesupernatant.Poly(A)'RNAwaspuritiedusingOligotex
dT30  <Super>  (Roche Japan, Tokyo, Japan),

cDNA  cloning  and  nucleotide  sequencing

   Double stranded  cDNA  was  synthesized  from purified poly (A)'
RNA  exiracted  from 12 hr cultured  prenauplii of A. hanciscana using
oligo(dT)i2-H primer. The  double stranded  cDNA  was  ligated with

ECoRl-NonadaptorandacDNAIibrarywasconstructedinZgtlOvector

{Stratagene)usinggigapacmo111Gold(Stratagene}.The228bpcDNA
fragment  ot the Artemia trehalase was  obtai ned  by the degenerated
PCR  and  digoxigenin (DIG}-labelied as described by Nambu  et  aL

{1 997b), lt was  used  to screen  2,Ox l05 clones. Phage plaques were
1iftedupandimmobilizedonnylonmembranes(BoehringerMannheim,
Mannheim, Germany). Hybridization and  detection was  performed
as  described by Engler-Blum et aJ. (1993), Positive clones  were  iso-
lated and  two longer inserts teimed "eE2  and  freE3 were  fully se-

quenced using  Amersham  thermo  sequenase  fiuorescent labelled

primer cycle sequence  kit (Amersham, Buckinghamshire, UK} and
an  ABI 373 sequencer{Perkin  Elmer, Norwalk, CT, USA).

Northern blot analysis

  The full length of TteE3 was  DIG-iabelled according  to the ran-
dom  priming method  using  a  DIG DNA  Labelling Kit (Boehringer
Mannheim),

  Total RNA  was  prepared as described in the section of RNA  ex-

traction, and  20 -g of each  total RNA  was  electrophoresed  in a 1 ,O%
agarose  gel containing  formaldehyde {Sambrook et al,, 1989)  and

blotted on  to Hybond  N' membrane  (Amersham), Hybridization was

performedat680CasdescribedbyEngler-BlumetaL(1993)followed
by washing  at 650C.

RESULTS

lsolation ot  trehalase  cDNAs  from A. ttanciscana

   Screening of the cDNA  iibra ry  derived from the 12 hr cul-

tured embryos  of A, hanciscana with the PCR  product resulted

in isolation of 12 posjtive clones. Two  longer inserts, heE2
and  TteE3, were  used  for full-length nucleotide  sequencing

andfurtherinvestigation.

Comparison  of TlereE2 with  freE3

   TTeE2  consisted  of 2496  nucleotides  while  heE3  con-

tained 2485  nucleotides.  These  had  a common  region  con-

sisting of 2476 nucleotides  (Fig. 1), ldentity between the two
cDNAs  was  99.7%. Seven replacements  were  found at the
nucleotide  level (Fig. 1). Both cDNAs  contained  the same  ORF
followed by a  termination codon  and  an  

"AGTAAA"
 seq  uence

vvhich  was  similar  to the polyadenylation signal, 
"AATAAA".

An  oligo (A) sequence  was  found 14 nucleotjde$ downst ream
from  the 

"AGTAAA''

 sequence  in heE2  (Fig. t, 2). The pro-

(A)

ME2

treE3

82  

1

-･9,

82

1116c

lt be, - 11  Ec , Hz Ps,,2496

2476,

1116  T

(B-1)treE2
tteE3

                i
                i
              1 GTGAGAACACTGTATACAATA  21
                i
                :t de ******  de de de de ***  de de * de de *
                t
-9･CTCGGGTTGGTGAGAACACTGTATACAATA  21,

                i

(B-2)trv E2

in  E3

                           :
                           :
                           :
2461  ATTTTCTTAGTAAAGCGGTTTCTTCATAAAAAAAAA
                           l
     de de *  de *  de *t"t***tde  "l
                           l

2461i ATTTTCTTAGTAAAGCI  2476t

                           I

2496

Fig, 1, Profiles ot  the  Artemia  trehalase cDNAs,  T)eE2 and  heE3. Nucleotides of TteE2 were  numbered  from the  first nucleotide.  Nucleotide
numbers  of  heE3  were  matched  to the corresponding  nucleotides of fteE2, The sequence  identity between the two cDNAs  was  99.7%. {A)
Varied nucleotides  are  indicated by their number.  Dotted areas  indicate ORF  regions. Both cDNAs  had identical restriction  sites, Ba, BamH1; Ec,
Ect)Rl; Hi, Hindlll; Ps, Psti, (B-1) 5'-Termini of both the cDNAs  are represented.  (B-2) 3'-Termini of heE2  and  7)'eE3 are aligned. 71eE2 had a
oligo{A)  sequence  on  its 3'-terminus. Asterisks indicate identical nucleotides  between the two cDNAs.
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Fig．2．　Nucleotide　and 　deduced　amino 　acid　sequences 　of ア殉 E2．　The　nucleotide 　and 　amino 　acid 　sequences 　are 　numbered 　from　the琶irst

nucieotide 　and 　the　first　methionine 　codon ，Asterisks　indicate　stop　codons ．　A　region　used 　as　a　probe　inthe　screening 　is　unde 目ined，　A　sequence

similar　to　the　polyadenylation　signal 　is　heavily　underlined ．　Cleavable　N−terminal　signal　peptide　is　ou 廿ined．　The　cell　adhesion 　motif　is　boxed．

Potential　N・glycosylation　sites 　are 　dotted．　The　slashed 　box　indicates　the
‘trehalase　signature　1

”
and 量he　dotted　box　the

‘trehalase　signature　2
’1

（Henrissat　and 　Bairoch，1993），　Both　the　signatures　are　submi 廿ed　on　the　PROSITE　database．　The　Thr246　and 　Valso4　with 　circles　are　replaced　by
Ser246　and 　Leuso4　in　the　polypeptide　coded 　by ア把 E3．　Predicted　transmembrane　region 　isprinted　in　reverse ．　PotentialcAMP−dependent　phospho・

rylation 　site　is　doubly　underlined ，

N 工工
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Fig. 3. Alignment of  the animal  trehalases. The  amino  acid sequences  of precursors of animal  trehalases were  aligned  by the Clustal W

program (Thompson etat.,  1994). Predicted N-terminal cleavage  sites are indicated by arrowheads.  Identical regions  among  the trehalases  are

printed in reverse.  Positions of  trehalase signatures  are indicated by bold lines. The position ot N-glycosylation site conserved  among  arthropod

trehalases is indicated by a blank arrowhead,  A unique,  long C-terminal poiypeptide of the Artemia trehalase is boxed. AR, Artemia: HO, human;
OR, rabbit; TE, mealworm  beetle; BO, silkworm,
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teins deduced from TteE2 and  heE3  comprised  703 amino

acids  and  showed  the same  molecular  mass  of 79,995 Da

and  the same  isoelectric point of 5.22. Proteins encoded  by

these cDNAs  were  identical except  for replacements  of two
amino  acids  (Fig. 2, heE2: The`6 -TteE3:  See`6 and  heE2:

va"5a`-> TteE3: Leu50`).

Characterization of  Artemia trehalase  cDNA

   1n a computer-assisted search  of databases for SWISS-

PROT  and  PlR, Artemia trehalase showed  no  significant simi-

larity to other  proteins than trehalases, The protein was  highly

similar  to animal  trehalases: 46.6%  to human  (lshihara etal.,

1997), 46,1% to rabbit {Ruf etaL,  1990), 43.4% to mealworm
beetle (Takiguchi et aL, 1992>, and  42,6% to silkworm  {Su et
al., 1993, 1994). The identities of the Artemia trehalase to

trehalases of E  coli (Gutierrez et al., 19B9; Horlacher et aL,

1996)andneutraltrehalasesoffungi{KoppetaL,1993,1994;
Feldmann etaL, 1994; Wolfe  and  Lohan, 1 994; Nwaka  et aL,

1995; Amaral etaL,  1997; Eck  etai,, 1997) were  relatively low

(24.6-32.0%). No significant $imilarity was  obse  rved  between

the Artemia trehalase and  acid  trehalases of fungi, such  as

ATHI  gene product of S, cerevisiae  (Destruelle et aL, 1995)

and  treA gene product of Aspergilius nidutans  (d'Enfert and

Fontaine, 1997).

   TheweightmatrixmethoddescribedbyvonHeijne(1986)
showed  the presence of a cleavable signal  sequence  con$ist-

ing of 19 amino  acids  at the amino(N)-terminal end  of the

Artemia trehalase (Fig. 2, 3). A cell adhesion  motif, Arg-Gly-

Asp (reviewed by Ruoslahti and  Pierschbacher, 1986, and

D'Souza etai,, 1991) wa$  found next  to the N-terminal cleav-

able  site as  shown  in Fig, 2, The protein had four potential N-

glycosylation sites (Fig, 2). Alignment of animal  trehalases

showed  that the location of the third potential N-glycosylation

site was  conserved  among  arthropods  (Fig. 3). Trehalase sig-

natures  submitted  to the PROSITE  database (Henrissat and

Bairoch 1993) were  found on  the deduced amino  acid  se-

quences (Fig. 2, 3), A unique, long polypeptide was  found  at

the carboxyl  terminus (Fig, 2, 3, 4). The PSORT  program

(Nakai and  Kanehisa, 1992) strongly  suggested  that the

catooxyl(C)-terminalpolypeptidecontainedatransmembrane

region  (Gly62e-Glu6`5, Fig. 2, 4>, The predicted transmembrane
region  was  highly hyd rophobic  as  was  the N-terminal signal

sequence  (Fig. 4). A  potential cAMP-dependent  phosphory-
lation site was  included in a  eytoplasmic  region  of the C-ter-

minal  polypeptide <Fig, 2),

Phylogeneticanalysis

   Phylogenetic trees were  drawn by the neighbor-jeining

method  {Saitou and  Nei, 1987) (Fig. 5). The  results revealed

that all the trehalases could  be classified into three groups as
follows: animal  trehalases including the Artemia trehalase,

trehalases of E. cofi, and  neutral  trehalases of fungi (Fig, 5A),

Genetic distances between the Artemia trehalase and  mam-

maliantrehalaseswereshorterthanthosebetweentheArtemia

trehalase and  trehalases of insects (Fig, 5B),

Developmental expression  ot Artemia trehalase

   Since the nucleotide  sequences  of heE2  and  heE3  were

almost identical to each  other, the labelled heE3  was  used

as  a  probe to detect both types of mRNA,

   A  2.6-kb mRNA  wa$  detected in all the samples  of A.

hanciscana (Fig. 6). The  2.6-kb transcript was  abundant  in

the dormant (O hr) cysts  and  embryos  at 3 hr and  6 hr of the

culture  (Fig. 6). The transcript then decreased  and  was  weakly

detectedinthe30hrsample,A5,O-kbtranscriptwasobserved

after 3 hr, which  increased by 6-12 hr and  decreased there-

after. The  amount  of the 5.0-kb transcript was  lowerthan  that

of the 2,6-kb transcript in all the samples,

3
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Fig. 4. Hydrophilicity and  hydrophobicity plot of the Artemia  trehalase coded  by heE2. The hydropathy value was  calculated  using  the method

of Engelman  et aL, (1986). Areas showing  negative  hydropathy values  represent  hydrophilic regions, Unique C-terminal region is indicated by

double lines. Cleavable N-terminal signal sequence  {N) and  a  transmembrane regjon (T) predicted by PSORT  program are indicated by  bold

lines.
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Fig. 5. Phylogenetic relationship  among  trehalases. A  neighbor-joining  tree of trehalase is represented  in (A). AR, Artemia trehalase: HO,
human  trehalase: OR, rabbit  trehalase; TE, mealworm  beetle trehalase; BO, silkworm  trehalase: TreA, Escherichia coif peripiasmic trehalase;
TreF, E  coli cytoplasmic  trehalase; NTH  I , Saccharomyces cere  visiae  neutral  trehalase; NTH2, protein product of S. cerevisiae NTH2  ( Y13RO tObl;
CAN,Candiclaaloicansneutraltrehalase;KLU,evuyveioayceslactisneutraltrehalase.Detailedneighbor-joiningtreeamongtheanimaltrehalases
is represented  in (B) by employing  TreA of E. cofi  as  an  outgroup,  Scale bar indicates O,t of branch length. Values on  each  branching represents
percent of bootstrap probability,
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Fig.6, OntogenicchangesofgeneexpressionofArtemiatrehalase.
Total RNA  samples  were  exiracted  trom A. tanciscana at indicated

periodsofpost-dormantdevelopment,and20pgofeachRNAsample
waselectrophoresed,transferredtonylonmembrane,andhybridjzed

with  the D1G-Iabe11ed PCR  probe. Positions of molecular  weight  mark-

ers  are  indicated. 18S  ribosomal  RNA  is detected by ethydium  bro-
mide  staining and  shown  at the bottom.

    ln the present report, we  described cloning  and  charac-

terization of the trehalase cDNAs  trom  crustacean Artemia,
Most  parts these two cDNAs,  termed freE2 and  heE3, were

the same  and  both contained the same  ORF  of  2109 nucle-

otides. Seven replacements  we  re tound at the nucleotide  level
between TlreE2 and  T7eE3, resulting in two replacements  on

coded  703 amino  acids,  The rate of change  at the nucleotide

level between 7teE2 and  TteE3 was  O,3%, much  lower than
those among  alteles  of Na/K-ATPase  al  subunit  of A.
hanciscana reported  by Garcfa-Saez etal. (1997). Therefore,
7)'eE2 and  TteE3 appear  to be derived from point-mutated
alleles ef one  trehalase gene rather  than from two different
trehalase genes. Sequencing analyses  of the PCR  products
showed  that the mRNAs  were  in the ratio of 1:1 (data not

shown).  As the dried cysts  which  we  used  in the present re-

port were  from a  wild  popuiation, rather  than from an  estab-

lished strain, variants  of trehalase gene might  be  observed  jn

indMduals or in sub-populations,

   The deduced amino  acid  sequence  had  two ftrehalase
signatures"  (Fig. 2, 3) and  showed  high similarities to animal
trehalases (Fig. 3), revealing  itself as  a  trehalase,

   The presence of potential N-glycosylation sites on  the

predicted peptide is consistent  with  our  previous conclusion
that the Artemja trehalase is a glycoprotein (Nambu et al.,

1997a).

   The most  significant feature of the Artemia trehalase is
the unique,  Iong C-terminal poiypeptide. The  region  consisted

of 107 amino  acids  (11e597-Glu703) and  had  no  significant simi-

larity to any  other  proteins, The predicted transmembrane
region  (Gly62e-Gluou5) was  present on  the C-terminal polypep-
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tide (Fig. 2, 4) and  about  60 amino  acids  trom the C-terminal
region  were  possibiy located in the cytoplasm,  Membrane-
bound trehaiases have been reported  in silkworm (Azuma
and  Yamashita, 1985; Takesue et al., 1989) and  mammals

(Takesue et aL, 1986; Ruf et al,, 1990; Sasai-Takedatsu et
al, , 1 996; Oesterreicher et aL, 1 998). The presence ot the cell

adhesion  motif  also  suggests  the association  of Artemia tre-
halase to the cell membrane,

   The predicted molecular  mass  of the Artemia trehalase
without  the N-terminal signal sequence  was  77,936  Da  and

sub$tantially  larger than that of the purified soluble  protein,
70  kDa  (Nambu et aL, 1997a), The  molecular  mass  of the

soluble trehalase decreased to 66 kDa afterendoglycosidase

H treatment in our  previous study  (Nambu et al, , 1997a), The
so1ubilityoftheArtemiatrehalasei$incompatiblewiththepres-

ence  of the predicted transmembrane  region.  As similar se-

quencestotheC-terminalpolypeptideoftheArtemiatrehalase
were  not found among  othertrehalases (Fig. 3), it is probable
that the C-terminal polypeptide consisting of 107 amino  acids

is not  necessary  fortrehalase activity and  might  be  removed.

The molecu)ar mass  of the deduced Artemia trehalase with-

out the N-terminal signal  sequence  and  the C-term inal polypep-
tide was  calculated  to be 66,272 Da, showing  a  good ag  ree-

mentwiththemolecularmassofthepurifiedArtemiatrehalase

after the endoglycosidase  H treatment.

   A  possible cAMP-dependent  phosphorylation site was

found on  the predicted C-terminal cytoplasmic  region  of the
Artemia trehala$e, although  we  do not  have any  evidences

that the Artemia trehaiase is regulated  by cAMP-dependent

phosphorylation. The cAMP-dependent  phosphorylation site

has not  been found in other  animal  trehalases. In yeasts,
cAMP-dependent  phosphorylation sites in the N-terminal re-

gion and  cAMP-dependent  regulation  of yeast trehalase have
been reported  <Kopp et aL, 1993, 1994; Amaral et al., 1997;

Eck et aL, 1997). Although the $ite may  be removed  by the

post-translational processing discussed above,  it is possible
thatthepotentialcAMP-dependentphosphorylationsiteplays

a  role in an  immature Artemia trehalase.

   Phylogenetic trees of trehalase are  shown  in Fig. 5. 0n
thephylogenetictreeofanimaltrehalase,theArtemiatrehalase

was  closely related  to the mammalian  trehalases (Fig 5B).
The distributions and  the physiological meanings  of the ar-
thropod trehalases were  reported to be different from each
other  (Azuma etat,, 1985; Takesue et al., 1 989; Takiguchi et
aL, 1992; Yaginuma etaL,  1996; Nambu  etaL,  1997a). Adap-
tation of each  trehalases to different roles and  physiological
environments  might  result in their variety  in amino  acid  se-

quences.

   The results of Northern blot analysis  confirmed  the pres-
ence  of the two transcripts previously described (Fig. 6). The
2.2 kb mRNA  of the Artemia trehalase found in the previous
report  (Nambu et aL, 1997b} wa$  not detectable when  we

changed  a  batch of the cysts,

   Three working  hypotheses on  the two transcripts might

be proposed as  follows. First, the transcripts of Artemia tre-
halase might  originated  from alternative  splicing  of one  gene.

The second  possibility is that the 5.0 kb  transcript is a precur-
sor  and  proces$ed into the 2.6 kb transcript. The third possi-
bility is that the two transcripts are derived from  two highly

homologous genes.
   The abundance  of the 2.6 kb transcript in the dormant
cysts  ot A. tanciscana suggests  its importance in early  pe-
riod of the post-dormant development. It may  be called  as  a

cryptic  RNA.  It was  observed  that 18S rRNA  gradually
increa$ed during development  (Fig. 6). This means  that the

ratio of rRNA  to tota1 RNA  is relatively low in the dormant  cysts,

This observation  may  be  partly due to accumulations  of cryp-

tic RNA,  such  as  trehalase mRNA,  in the dormant cysts.

   The activity of the trehalase was  Iow in the hydrated cyst$
and  began to increase after 6 hr in culture  (Nambu et al,,

1997a) in spite of the abundant  presence of the 2.6 kb tran-

script in the dormant cysts, The discrepancy between the

amount  of the mRNA  and  the trehalase activity suggests  a

probable presence  of post-transcriptional regulation  of the
enzyme.  Similar inconsistency between the amount  of mRNA

and  protein products have  been  reported  in the early  period
of post-dormant development of Artemia (Fisher et aL, 1986;
Dfaz-Guerra et aL, 1989).

   The Artemia embryos  have mechanisms  inactivating pro-
teinsynthesisduringtheirdormancy,Thepresenceofprotein

synthesis inhibitor (Warner et aL, 1977), a  lack of template

activity of some  mRNAs  in the dormant cysts  by restricted

location ef mRNAs  into mRNP  particles (G rosfeld  and  Littarue,

1975), and  iow levels of initiation factors (Sierra etaL,  1974)

have been reported,  Moens  and  Kondo (l976) reported  that
the specific  template activity of the polysomes in the cysts
was  low and  increased linearly up  to 13 hr of incubation. The

discrepancy between the amount  ot mRNA  and  the trehalase

activity in the embryos  of A, franciscana might  be explained

by such  inhibitions.

   The appearance  of the 5.0 kb transcript in 3 hr embryos

of A. tanciscana is a sign  of initiation of post-dormant tran-
scription of the Artemia trehalase, lf the 5,O kb transcript is

the precursor of the 2.6 kb transcript, the appearance  of the
5.0 kb transcript indicates a  supplement  of the 2.6 kb tran-
script, The amount  of the 5,O kb transcript increased in

acco  rdance  with  the increase in thetrehalase activity (Nambu
et al., 1 997a). Therefore, it is still possible that transcriptional

regulation of the 5.0 kb mRNA  directly controls  the trehalase

activity,

   The struetural  and  functional differences of the two tran-

scripts and  the mechanisms  of the regulation  of the trehalase

activity are  open  for future investigation. Further analysis  of

transcriptional or  translational regulatjons  of trehalase would

help us  to under$tand  the trehalose metabolism  in resuming
development of Artemia.
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