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Abstract

Leucine aminapeptidases (LAPs) frem marine labyrinthulid strain 00-Bat-05 and thraustochytrid strain HR-3 cells were partially
purified and characterized by enzymological properties. The optimum temperature of LAPs from both strains was 37°C. The
thermostability of 00-Bat-05 LAP was indicated by having 80% of maximum activity after heat treatment at 60°C for 10 min, while
LAP activity of strain HR-3 was completely inactivated at 60°C. LAP acvtivities from both trains were high at near pH 8.0. Both LAPs
were inactivated by 1,10-phenanthroline, p-chloromercuribenzoic acid (PCMB), bestatin and sodium dodecy! sulphate (SDS). Enzyme
activity of LAP from strain 00-Bat-05 was stimulated by Co*and inhibited by Zn?, while that from HR-3 was inhibited by Co* and
Zn*. LAP of 00-Bat-05 had a high specificity for L-leucine-p-nitroanilide but HR-3 enzyme showed relatively broad specificity for

p-nitroanitide derivatives of L-amino acids,

Labyrinthulids (Family Labyrinthulaceae) and thraus-
tochytrids (Family Thraustochytriaceae) are the main two
groups of the order Labyrinthulales and play the pecu-
liar roles in marine food web systems."» Labyrinthulids
are slime mold-like protists and distributed widely in
estuarine and near-shore marine habitats throughout the
world. In mangrove brackish water environments, Leaby-
rinthula spp. live on mangrove leaves, marine vascular
plants and benthic algae, and also parasitizes fungal hy-
phae, which are decomposing plant matter. Labyrinthula
spp. play an important role in mangrove ecosystem by
fixing plant nutrients in a form of hyphae or cells of the
organisms and converting them to a nutritious food for
plant consuming animals.” The ectoplasmic networks of
Labyrinthula spp. are capable of decomposing many dif-
ferent microbes including bacteria, yeast, diatoms, and
fungal hyphae.” Thraustochytrids are a group of eukary-
otic marine microorganisms, which can play dual roles
in nature as bacterial feeders when in an ameboid form,
and organic material degraders in their thallus form.” In
mangrove environments, these marine protists are found
to be associated with decaying mangrove leaves and de-
compose mangrove leaves by their degradative enzymes

and also to be capable of breaking down several complex

organic substrates.*” )

In addition, these organisms also deserve more atten-
tion in aquaculture because they accumulate high con-
centrations of polyunsaturated fatty acids such as doco-
sahexaenoic acid (DHA) and eicosapentanoic acid (EPA)
which are essential nutrients for many fish and crusta-
ceans.*" Thraustochytrids are used practically as a feed
for zooplankton such as rotifers and Arfemia because of
improving the nutritional value of the food animals.'?

In natural ecosystems, the recycling of nutrients, espe-
cially protein degradation is important to maintain all tiv-
ing things and aminopeptidases are found widely distrib-
uted among both prokaryotic and eukaryotic organisms,
which catalyze the release of amino acid residues from
the N-terminal end of proteins.' Leucine aminopeptidase
(LAP, EC 3.4.11.1) activity in marine environments in-
dicated an ecological role by bacteria in aquatic biogeo-
chemical cycles." LAP was partially purified from pig
intestinal mucosa at first and found to hydrolyze a wide
variety of peptides. The LAP activities from swine kid-
ney and Aspergillus sojae was determined to be activated
by divalent cations like Zn® and Co* !5

The objective of this study was to characterize and

compare the leucine aminopeptidase (LAP) from marine
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labyrinthulid and thraustochytrid isolates in order to as-
sess nutritional process and degradation activity of these

organisms in marine environments.

Materials and Methods

Labyrinthulid and thraustochytrid strains
Labyrinthulid strain 00-Bat-05 was isclated from man-
grove leaves at the Batan Bay mangrove area, the Philip-
pines, using a double layer medium containing live dia-
tom cells.'""Thraustochytrid strain HR-3 was provided by
Dr. M. Hayashi, Faculty of Agriculture, Miyazaki Uni-
versity, Japan and which was isolated from costal area of
Hiroshima Prefecture, Japan. Chromosomal DNA of the
strains was extracted and 185 rDNAs were amplified by
PCR and sequenced by the standard method. A phyloge-
netic teee inferred from 188 rDNA nucleotide sequences

was constructed by the neighbor-joining method.'

Media and growth conditions

For the enzyme production, labyrinthulid strain 00-
Bat-05 was grown at 25°C for 168 h in 1 / of the ES
(Provasoli’s enrichment seawater} liquid medium in a 2
! Erlenmeyer flask with containing bacterial extract-egg
yolk agar medium (NSBEY agar) according to Wahid er
al." Thraustochytrid strain HR-3 was cultured at 25°C
for 96 h in 1 / of the medium containing 30 g glucose, 3 g
yeast extract, 5 g polypeptone and 750 m/ of artificial sea-
water (ASW, Herbst's formula composed of NaCl 30.0 g,
KCl 7.0 g, MgClr6H:0 10.8 g, MgS0+7H:0 5.4 g and
CaCly2H:0 1.0 g per [, pH 7.6) in a flask on a reciprocal
shaker (Taitec, NR-3, Japan) at 120 rpm,

LAP enzyme preparation from the test organisms
1. Labyrinthulid strain 00-Bat-05

After incubation at the same conditions as above, the
cells of labyrinthulid strain 00-Bat-05 collected from 8
! of liquid culture were washed with 50 mM Tris-HCI
buffer {(pH 7.6) and then suspended in 40 m! of 50 mM
Tris-HC! buffer. The suspended cells were disrupted by
sonication (42808, Kaijo Denki, Japan) for 5 min, the
cell debris was removed by centrifugation (12,000 x g
for 20 min) and the supernatant was filtrated by 0.45 ym

membrane filter (Advantec, Japan) and flow-through so-
lution was used as a cell-free extract. Solid ammonium
sulfate was added to the cell-free extract solution to give
50% saturation. Afier 2 h, the precipitate was removed
and the enzyme protein fraction was precipitated from
the supernatant with ammeonium sulfate (90% saturation)
and collected by centrifugation. The precipitate was dis-
solved with 50 mM Tris buffer and dialyzed overnight
against 50 mM Tris buffer. The dialyzed enzyme solu-
tion was loaded onto a Toyopearl DEAE-650M column
(Tosoh, Japan) previously equilibrated with 50 mM Tris
buffer and the proteinous materials were eluted with 50
mM Tris buffer and 500 mM NaCl using a linear gradi-
ent. The active fractions were pooled and concentrated by
ultrafiltration with a YM-3 membrane (Amicon, USA).
The enzyme solution was then applied to a Toyopearl
HW-55F column (Tosoh, Japan) equilibrated with 50 mM
Tris buffer containing 100 mM NaCl and eluted with the
same buffer. The active enzyme fractions were combined,
concentrated by ultrafiltration with 2 YM-3 membrane.

2. Thraustechytrid strain HR-3

After incubation at the same conditions as above, the
cells of thraustochytrid strain HR-3 collected from 500
ml of culture broth were washed with 50 mM Tris-HCl
buffer (pH 7.6) and then suspended in 50 s/ of the same
buffer, The suspended cells were disrupted by sonication
and the cell debris was removed by centrifugation and
the supernatant was filtrated by 0.45 ym membrane filter.
Solid ammonium sulfate was added to the crude enzyme
solution to give 60% saturation. After 4 h, the precipitate
was collected by centrifugation, dissolved with 50 mM
Tris buffer and dialyzed overnight against 50 mM Tris
buffer. The dialyzed enzyme solution was loaded onto a
Toyopearl Super Q-650M column (Tosoh, Japan) previ-
ously equilibrated with 50 mM Tris buffer and the protei-
nous materials were eluted with 50 mM Tris buffer and
500 mM NaCl using a linear gradient. The active frac-
tions of LAP enzyme were pooled and concentrated by
freeze drying. The freeze dried enzyme preparation was
suspended in 50 mM Tris-HCI buffer and then applied to
a Toyopearl HW-35F column (Tosoh, Japan) equilibrated
with 50 mM Tris-HC! buffer containing 150 mM NaCl

and the proteins were eluted with the same buffer. The
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active enzyme fractions were combined and concentrated

by freeze drying.

Enzyme assay

Aminopeptidase activity was spectrophotometrically
assayed by using L-leucine-p-nitroanilide (Leu-p-NA) as
substrate described by Chien et al.' The standard assay
condition was as follows: 200 g/ reaction mixture con-
sisted of 20 g/ of 10 mM L-leu~p-NA solution, 100 u/ of
50 mM Tris-HCI buffer (pH 7.6) and 80 x4/ enzyme solu-
tion and incubated at 37°C for 2 h. In addition, p-nitroani-
lide (p-NA) derivatives binding a series of L-amino acids
were used at final concentration of 1 mM to measure the
relative activity for LAP enzymes. Absorbance at 405 nm
was determined by micro titer plate reader, MPR-A4]
(Tosoh, Japan). All data are expressed as average values

of duplicate experiments.

Effect of reaction temperature

By using the standard reaction mixture, enzymatic ac-
tivity was determined at different temperatures between
4 and 80°C for 2 h incubation.

Effect of heat treatment

Enzyme thermostability was determined after preincu-
bation of the enzyme solution in 50 mM Tris-HCl buffer
{pH 7.6) at various temperatures (4-80°C) for 10 min and
then the solution was cooled on ice for 5 min followed by
the standard assay condition to measure residual enzyme

activity,

Effect of reaction pH

Enzyme preparations were preincubated in 50 mM
various buifer at 30°C for 10 min. The optimum pH for
enzyme reaction was examined under the standard as-
say condition using 50 mM buffer solutions with vari-
ous pHs: sodium phosphate buffer (pH 6.0-7.0), Tris-HC!
(pH 7.0-9.0), carbonate buffer (pH 9.0-11.0) and glycine
buffer (pH 11.0-13.0).

Effect of inhibitors

The effect of p-chloromercuribenzoic acid (PCMB),
fluoride (PMSF), ethylenedi-
aminetetraacetic acid (EDTA), dithiothreitol (DTT), 1,

phenylmethylsulfonyl

10-phenanthroline, iodoacetamide (IAA), bestatin and
sodium dodecy! sulfate (SDS) on LAP activity was de-
termined after preincubation with the enzyme and the
chemicals (final concentration of 1 mM) in 50 mM Tris-
HCI buffer (pH 7.6) for 30 min at 30°C. The remaining
activity was assayed under the standard condition.

Effect of metal ions

After preincubating the enzyme with various cations,
chelating reagents or chemical reagents in 50 mM Tris-
HCI buffer (pH 7.6) for 30 min at 30°C. The remaining

activity was assayed under the standard assay condition.

Chemicals used

The synthetic chromogenic substrates, L.leucine-p-ni-
troanilide {(Leu-p-NA), L-alanine-p-nitroanilide (Ala-p-
NA) and L-glutamine-p-nitroanilide (Glu-p-NA) were
obtained from Peptide Institute, INC. (Osaka, Japan) and
L-proline-p-nitroanilide (Pro-p-NA), [.-methionine-p-ni-
troanilide (Met-p-NA), L-arginine-p-nitroanilide {(Arg-
p-NA) were from Sigma Chemical Co. (St. Louis, Mo,
USA). The protease inhibitors used in this study were
purchased from Sigma and Nakarai Tesuque (Kyoto, Ja-

pan).

Resnlts

Phylogenetic analysis of strains 00-Bat-05 and HR-3
Figures 1 Aabd IB show cell morphology of labyrinthu-
lid strain 00-Bat-05 and thraustochytrid strain HR-3, re-
spectively. The individual cells of labyrinthulid 00-Bat-
05 (Fig. 1A) were typically spindle form with averaged
2.5-5.0 yum wide by 8.0-12.0 gm fong. On the other hand,
those of thraustochtrid HR-3 (Fig, 1B) were round form
with 10.0-15.0 gm in diameter, which contained numer-
ous granules in the cytoplasm. The 188 rDNA sequence
of strain 00-Bat-05 (GenBank accession no. AB290459)
showed 93% homology with that of Labyrinthula sp. AN-
1565 (AB022105), while strain HR-3 had 99% homology
with Thraustochytriidae sp. NIOS-1 haplotype NIOS]-
D00-1 {AY705769). A phylogenetic tree constructed by

the neighbor-joining method is shown in Fig, 2.
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Enzyme preparation

Partially purified enzyme preparations were obtained
after ion-exchange (Fig. 3) and gel filtration chromatog-
raphy. One active fraction of LAP from each test strain
was isolated although it still included several protein
molecules as judged from polyacrylamide gel electropho-
resis (PAGE). In this experiment, the partially purified

enzymes were used for characterization of LAP activity.
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Characterization of LAP enzymes
1. Optimal temperature

LAP activities of both strains were at their maxima at
37°C as shown in Fig. 4. More than 50 % of maximum
activity was found between 15 to 45°C in both strains.
More than 80% activity of 00-Bat-05 LAP was remaining
after heat treatment at 60°C for 10 min, while HR-3 LAP
enzyme was almost inactivated with heat treatment at the

same temperature (Fig, 5).

2. Optimal pH
As shown in Fig. 6, the optimum pH was 8.0 for 00-
Bat-05 LAP and 7.0-8.0 for HR-3 LAP. However, the

enzyme activity of 00-Bat-03 strain was found to be con-

siderably low at pH 9.0,
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Fig. 4. Effect of reaction 1emperature on enzyme activity from strains
00-Bat-05 (A) and HR-3 (B). Enzyme activity was measured at
various temperalitres in 50 mM Tris-HCI buffer (pH 7.6}, Ac-
tivities are expressed refative to the maximum value.

3. Effect of inhibitors

Effect of various inhibitor substances on LAP activity
is shown in Table 1. In strain 00-Bat-05, the LAP activ-
ity was strongly inhibited by bestatin, which is gener-
ally known to be an inhibitor of aminopeptidase (Table
I). Strong inhibition was also observed in the presence
of EDTA, SDS, PCMB, DTT, and 1,10-phenanthroline.
EDTA was known to be a metal-chelating agent, and
PCMB to be a SH inhibitor. On the other hand, LAP ac-
tivity from HR-3 strain was inhibited by bestatin, SDS,
PCMB, and 1,10-phenanthroline.

4, Effect of metal ions
The effect of several metal ions on enzyme activity is
shown in Table 2. Among the metal ions tested in LAP of

strain 00-Bat-035, enzyme activity was strongly inhibited
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Fig. 5. Effect of heat treatment on enzyme stability of strains 00-Bat-05
(A) and HR-3 (B). Enzyme preparations were heated in 50 mM
Tris-HC1 buffer {pH 7.6} at various temperatures for 10 min
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by Zn*, Hg* and Ni** and moderately inhibited by Mn¥,

Mg*, Cu*, Ba* and K*. However, Co* strongly activated

the enzyme activity from strain 00-Bat-05 . On the other

hand, the LAP activity of strain HR-3 was strongly inhib-
ited by Zn*, Hg* and Ni*, and slightly inhibited by Co*.
Metal ions such as Na*, K+, and Mg® stimulated the LAP

activity of strain HR-3.

Table 1. Effect of chemical reagents on LAP activity from tes1 strains

Chemical reagents”'

Relative activity (%)

00-Bat-05 HR-3
No addition 100.0 100.0
EDTA™ 40.2 88.0
PCMB™ 13.6 10.0
DTT" 16.4 78.0
IAA™ 1324 91.4
1,10-phenanthroline 12.8 16.0
PMSF™ 106.8 89.0
SDS§™ 34 17.5
Bestatin 5.2 35.7
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Fig. 6. Effect of pH on enzyme activily of strains 00-Bat-05 (A) and
HR-3 (B). Enzyme preparations were preincubated in 50 mM
various pH bulfer at 30°C for 10 min. €: sedium phosphate
buffer, O: Tris-HCI buffer, & : carbonate buffer, x: glycine-
NaOH bufter.

*'Each chemical reagent was added to a final concentrqaion of | mM
in the reaction mixture.

*EDTA:ethylendiaminetetraacetic acid, PCMB: p-chloromercuriben-
zoic acid, DTT: dithiothreitol, IAA: jodoacetamide, PMSE; phenyl-
methylsulfonyl fluoride, SDS: sodium dodecyl sulfate.

Table 2. Effect of metal ions on LAP activity from test seraing

Relative activity (%)

Metal ions'

00-Bat-05 HR-3
No addition 100.0 100.0
NaCl 108.5 187.8
KCl 55.8 155.7
MnCl, 76.0 104.3
MgCl, 62.8 178.8
ZaCl, 310 20.7
CusS0O, 32.7 100.0
CaCl, 79.9 99.5
HgCl, 302 23.1
NiCl, 12.9 46.7
CoS0, 298.6 75.0
BaCQ, 555 873

! Bach salt was added to a final concentraion of | mM in the reaction
mixture.
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5. Substrate specificity

The ability of the enzyme to catalyze the hydrolysis of
various p-NA derivatives is shown in Table 3. In strain
00-Bat-05, Leu-p-NA was most efficiently hydrolyzed by
LAP. Met-p-NA, Ala-p-NA and Arg-p-NA were also to be
considerably hydrolyzed, while Pro-p-NA and Glu-p-NA
were practically resistant to the action of the enzyme. In
strain HR-3, Ala-p-NA was most efficiently hydrolyzed
by the enzyme and Leu-p-NA, Met-p-NA and Arg-p-NA
were good substrate for LAP. On the other hand, Pro-p-
NA and Glu-p-NA were not optimal to the enzyme activ-
ity from stain HR-3.

Table 3. Hydrolytic activities of LAP from test strains on various sub-

strates
Relative activity (%)
Substrate'

00-Bat-03 HR-3
Leu-p-NA 100.0 100.0
Ala-p-NA 21.0 347.0
Pro-p-NA 1.3 34.2
Met-p-NA 51.0 109.4
Arg-p-NA 20.1 125.0
Glu-p-NA 52 227

'All substrates were used at a final concentration of | mM under 1he
standard assay conditions.

Discussion

Both labyrinthulids and thraustochytrids have a role in
decomposing plant matters in coastal environments and
their degrading enzymes are involved in this process.”

This study compared the enzymological properties of
LAP enzymes from labyrinthulid and thraustochytrid
strains isolated from marine environments.

The LAP enzyme of strain 00-Bat-05 had an optimal
temperature of 37°C but 80% of its maximal activity
remained even after heat treatment at 60°C for 10 min.
On the other hand, the optimal temperature for the LAP
activity of strain FIR-3 was 37°C and the enzyme was
inactivated completely with heat treatment at 60°C for
10 min. The optimum pH of LAP from strain 00-Bat-05
was 8.0 and high aciivity was still detectable at pH 10.0
and 11.0. However, the activity was relatively low under
neutral conditions (pH 7.0). The HR-3 LAP had a broad
pH range from 6.0 to 11.0 and the activity was still found

about 50% at pH 11.0 and 12.0. These results indicated
that both enzymes have optimal activity at alkaline re-
gion similar to other aminopeptidases. '

The LAP activities from strains 00-Bat-05 and HR-3
were inhibited by PCMB, suggesting both LAP enzymes
to be SH enzymes. The LAP activity from 00-Bat-05 was
inhibited by 1,10-phenanthroline and EDTA and similar
results were found in LAP from Geobacillus thermoleo-
voran.® Most of LAP enzymes from bacteria and fungi
were reported to be inhibited by metal-chelating agents
and to be largely restored by divalent cations such as Zn*
and Co™.'"* The LAP activity of strain 00-Bat-(5 was
inhibited by Zn* and stimulated by Co¥, while the en-
zyme activity of strain HR-3 was slightly inhibited by
Co and strongly inhibited by Zn*. The enzyme of strain
00-Bat-05 was inhibited by K*, but the enzyme of strain
HR-3 was distinctively activated by Na* and K*, These
results indicate that effect of metal ions on LAP activity
varies from organism to organism.

As substrates, Leu-p-NA was best for the LAP enzyme
of strain 00-Bat-05 LAP, followed by Met-p-NA (51 %),
Ala-p-NA (21 %) and Arg-p-NA (20 %) and negligible
activity was detected for Glu-p-NA and Pro-p-NA. On
the other hand, the enzyme of strain HR-3 showed high
activity for Leu-p-NA (100 %), Ala-p-NA (347 %), Met-
p-NA (109 %) and Arg-p-NA (125 %) and slight activity
for Glu-p-NA and Pro-p-NA.

This is the first report on the isolation and enzymologi-
cal properties of LAP enzymes from labyrinthulid and
thraustochytrid strains. The information obtained in this
study will help to reveal the ecological roles in degra-
dation process of plant materials and microbial cells in
marine environments and physiological response of these

organisms as live food of aquaculture animals,

Acknowledgments

The authors thank Dr. Masahiro Hayashi, Faculty of
Agriculture, Miyazaki University, Japan for providing
of thraustochytrid HR-3 strain and useful comments on
the properties of this strain. This work was supported by a
Core University program from the Japan Society for the
Promotion of Science (JSPS),



Md. [fiekharul Wahid ef af.: LAP Enzymes from Two Labyrinthulales 33

References

1) Porter, . (1989). Phylum Labyrinthulomycota. In
“Handbook of Protoctista” {(ed. by Margulis, L., I,
0. Corliss, M. Melkonian, and D. J. Chapman) Jones
and Bartlett Publishers, Boston. pp. 388-398.

2) Cavalier-Smith, T. (1993). Kingdom Protozoa and its
18 phyla. Microbiol. Rev., 57: 953-994,

3) Honda, D., T. Yokochi, T. Nakahara, S. Raghuku-
mar, A. Nakagiri, K. Schaumann and T. Higashihara
{1999). Molecular phylogeny of fabyrinthulids and
thraustochytrids based on the sequencing of 188
ribosomal RNA gene. J. Eukaryor. Microbiol., 46:
637-046.

4) Nakagiri A. (2001). Ecology of Labyrinthula and note
on modified methods for cultivation and preservation
of the isolates. Aguabiol., 23: 32-38 (in Japanese).

5) Raghukumar, S. (1992). Bacteriovory: a novel dual
role for thraustochytrids in the sea. Mar Biol, 113:
165-169.

6 ) Bremer, G. B, and G. Talbot (1995). Cellulolytic en-
zyme activity in the marine protist Schizochytrium
aggregatum. Bot. Mar., 38: 37-41.

7) Raghukumar, S., V. Sathe-Pathak, S. Sharma and C.
Raghukumar (1995). Thraustochytrid and fungal
component of marine detritus. L Field studies on
decomposition of leaves of the mangrove Rhisopho-
ra apiculata. Aquat. Microbiol. Ecol., 9: 117-125.

8} Singh, A. and O. P. Ward (1997}, Microbial produc-
tion of docosahexaenoic acid (DHA, C22:6). Adv
Appl. Microbiol., 45: 271-312.

9) Nakahara, T., T. Yokochi, T. Higashihara, S. Tanaka,
T. Yaguchi and D. Honda (1996). Production of doc-
osahexaenoic and docosapentaenoic acids by Schizo-
chytrium sp. isolated from Yap Islands, J. Am. Oif
Chem. Soc., 73: 1421-1426.

10) Sakata, T., T. Fujisawa and T. Yoshikawa (2000). Col-
ony formation and fatty acid composition of marine
labyrinthulid isolates grown on agar media. Fish.
Sei., 66: 84-90.

11) Miller, M, R., P. D. Nichols and C. G. Carter (2007).
Replacement of fish oil with thraustochytrid Schizo-
chytrium sp. L oil in Atlantic salmon parr (Salmo sa-
far L) diets. Com. Biochem. Physiol., Part A, 148:

382-392.

12) Hayashi, M., R. Matsumoto, T. Yoshimatsu, S. Tana-
ka and §. Shimizu {2002). Isolation of highly DHA-
accumulated Labyrinthulales and their utilization for
nutritional enrichment of rotifers and Artemia. Nip-
pon Suisan Gakkaishi, 68: 674-678 (in Japanese),

13) Gonzales, T. and J. Robert-Baudouy (1996). Bacterial
amino peptidases: Properties and functions. FEMS
Microbiol. Rev., 18: 319-344,

14) Caruso, G. and R. Zaccone (2000). Estimates of leu-
cine aminopeptidase activity in different marine and
brackish environments. J. Appl. Microbiol., 89: 951-
959.

15) Himmelhoch, S. R. (1969). Leucine aminopeptidase:
a zine metalloenzyme. Arch. Biochem. Biophys., 134:
597-602,

16) Chien, H. R., L. Lin, §. Chao, C. Chen, W. Wang,
C. Shaw, Y. Tsai, H. Hu and W. Hsu (2002). Puri-
fication, characterization, and genetic analysis of a
leucine aminopeptidase from Aspergilius sojae. Bio-
chim. Biophys. Acta, 1576: 119-126.

17) Sakata, T. and K. Iwamoto (1995). Isolation of ma-
rine algicidal microorganisms on diatom double layer
agar plates. Fish. Sci., 61: 173-174.

18} Saitou, H. and M. Nei {1963). The neibor-joining:
a new method for reconstructing phylogenetic trees.
Mol. Biol. Evol., 4: 406-425.

19) Wahid, M. L., T. Yoshikawa, and T. Sakata (2007).
Bacteriolytic activity and growth of marine isolates
of labyrinthulids on dead bacterial cells. Fish. Sci.,
73: 1286-1294.

20) Lee, G., S. Chun, Y. Kho, and H. Chun (1998). Pu-
rification and properties of an extracellular leucine
aminopeptidase from the Bacillus sp. N2. J. Appl.
Microbiol., 84: 561-566.

21} Deejing, S., K. Yoshimune, 8. Lumyong and M.
Moriguchi (2003). Purification and characterization
of hyperthermotolerant leucine aminopeptidase from
Geobacillus thermoleovorans 47b. J. Ind. Microbiol,
Biotechnol., 32; 269-276.



