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Euglena pisciformis cultured with potato protein

Shinrd YAMAMOTO, Tohru NisilIMURA and Yosuke MINO

(Received : April 9, 1997)

Abstract

Properties of extracellular aminopeptidase [rom Euglena pisciformis cultured with
potato protein was studied, Aminopeptidases in the cell membrane and cultured
medium exhibited oplimum activities at around pH 8, but varied markedly in molecular
weight  (cytoplasm : 77,000 ; medium, 14,000), The aminopeptidase in cultured
medium exhibited optimum activity at around 35°C and was inactivaled at 35°C,
pCMB polently inhibited the enzyme activity, and 2 mercaptoethanol thoroughly
prevented the inhibition, The enzyme was also inactivated by iodoacetamide, and
the inactivation was enhanced by the presence ol urea,

These resulls suggest that the extracellular aminopeptidase from [, pisciformis
contains [ree sulfhydryl group(s) which is required for the enzyme activity and is

buried inside the lolded protein,
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Introduction

Disposal of polato juice is a burden for slarch
manufacture,. NAKAYAMA® reported that Fu-
glena was effective for disposing the waste wa-
ter, In recent years, Fuglena pisciformis was
found to proliferale in cesspoals in starch [aclories,
We reported that £, piseiformis utilizes potalo-
protein as the sole source of nitrogen after
degradation by extracellular aminopeptidase® o'
The present study deals with the properties of

the aminopeptidase from £ pisciformis,
Materials and Methods

Organism used
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E. pisciformis isolated from a cesspool al the
Tokachi Tébu Starch Factory in Urahoro,
ITokkaido, was used.

Culture of E, pisciformis

E. pisciformis was cultured in 0.5 L of a medi-
um shown in Table 1 for 14 days. The medium
was agilated using a magnetic stirrer al 20°C in
3,000 lux, Contamination of other microorgan-
isms into the culture medium was checked by
culturing the medium on nutrienl agar plates,
Preparation of potato protein

Potato tubers (1 kg) were sliced and homoge-
nized in 1.2 L of 10mM sodium ascorbale using
a mixer. After squeezing through three layers

of gauze, the homogenate was filtrated through
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afilter paper under reduced pressure, Solid am-
monium sulfate was added to the supernatant
up to 80% saturation, followed by standing at
5C overnight, The precipitate was collected by
centrifugation at 8, 000 ¢ lor 15 min and dialyzed
against deionized water for 3 days. After cen-
trifugation, the supernatant was used as potato

protein solution,

Table 1, Composition of basal medium.

Compound Concentration (mg/L.)

( KI1,),HPO, 1,000
KH,PO, 1,000
MgS0, « 7T11,0 109
CaCl, + 2H,0 26
FeSO, « TH;0 3.3
MnCl, - 4H,0 1.8
CoCl, - 6 H,0 1.1
F0S0, - TH;0 0.4
Na,Mo0, - 2 H,0 0.3
Cus0, + 511,0 0.02
Nag-citrate = 2H,0 516
Vitamin B, 0.2
Vitamin B, 0,001
Polato protein 3.0

Preparation of crude enzymes

Crude enzymes were prepared from eylo-
plasm of £ pisciformis and the cultured medium,
E. pisciformis cultured as mentioned ahove was
collected hy centrifugation at 1,500¢ lor 10 sec.
Alter washing with 50 nf of distilled water by
centrifugation at 1,500 g for 10 sec, the precipi-
tate was homogenized in 6 nf of Na phosphate
bulfer (50 mM, pH 7.0) on iced water using an
ultrasonic generator, [ollowed by centrifugation
at 1,0002 for 30 min, Aller twice centrifugation
at 20,000 g for 30 min, the supernalant was used
as the eytoplasm enzyme,

Human r-globulin = (150 mg) and ammonium
sulfate were added successively to the super-
natant of the cultured medium (500 mé), The
precipitate produced between 20 and 80% satura-

tion of ammonium sulfate was collected by
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centrifugation at 10,000 g for 30 min and dia-
lyzed against the buller for 1 day, The dialyzate
wag used as the medium enzyme,
Assav of aminopeptidase aetivity

The reaction mixture consisted of 2 mf of Tris

HCT buffer (50 mM, pll & 0) containing 2 mM
leucine-nitroanilide and 0. 2 mf of crude enzyme,
The mixlure was incubaled at 30°C for 5 h,
followed by adding 1mf of 30% acetic acid. P-Ni-
troaniline released was measured at 410 nm,
Gel ehromatography

linzyme solution was loaded onto a Sephadex
(100 column (1.5 x 58 em) equilibrated with
Na - phosphate buffer (50 mM, pIl 7.0) contain
g 0.1 M NaCl and eluted with the buffer at a
flow rate of 7.5 mf~ h, The eluate was collected

in 2-mf [ractions,

10+ (77,000)
Cytoplasm aminopeptidase
Rovine serum albumin

Ovalbumin

Chymotrypsinogen A

Molecular weightx 1074
PF-9

2
Medium aminopeptidase (14,000
1F
1 1
1.0 1.5 2.0

Ve/Vo

Determination of the molecular weight
of aminopeptidases from cytoplasm of
E. mseciformis and cultured medium hy
column chromatography on Sephadex G
-100. Vo, void volum ; Ve, elution volume,



Fig, 2

Aminopeptidase from Englena pisciformis
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Effects of pH on activities of aminopep-
tidases fram cytoplasm of I, pisciformis
and cultured medium, (@) and (QO) rep-
resent activities using Mcllvaine and 50

mM Veronal buffers, respectively.
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Fig. 3 Effects of temperature on activity of

aminopeptidase from cultured medium,
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Temperature ()

Thermostability of aminopeptidase from
cultured medium, Enzyme solution
(0.2 af) was treated at a given temper-
ature for 20 min,

Results

Molecular weight of aminopeptidase

Molecular weights of the aminopeptidases in

the cytoplasm and supernatant were 77, 000 and

14,000, respectively, as determined by gel chro-

matography (g, 1),

Ejffect of pH on aminopeptidase aclivilies
Aminopeplidases in the eytoplasm and medium

exhibited optimum activities at pH 7.5 and 8. 0,

respectively (Fig, 2),

Effect of temperature on aminopeptidase activily
The medium aminopeptidase exhibited an

optimum activity at 35°C (Fig, 3). The enzyme

activity decreased drastically at 55°C and was

completely lost at 60°C in the absence of sub-

strate (Fig, 4),

Effect

aminopeptidase activily

of pCMB and 2-mercaptoethanol on

The medium aminopeptidase activity was
polently inhibited by 625 M pCMB (Tahle 2),
The inhibition of the enzyme was thoroughly
prevented by the presence of 26mM 2-mercap-
toethanol,

Effect of metal ions and EDTA on aminopep-
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tidase activity
The cffeets of the metal 1ons on the medium
aminopeptidase activity were examined at 2 mM
{Table 3),

Fe?* inhihited 52 and 35% of the activity, respec-

Among the ions tested, Zn?' and
tively, A slight inhihition was also ohserved hy
treatment with Mo?', Cu? or Ca?' On the other
hand, Co?' slightly enhanced the activity, while
EDTA shightly inhibited the activity,
Effect of todoacetanude and urea on aminopep-
tidase activity
Alkylation of the medium aminopeptidase by
0.1 M wdoacetamide mhibited 51% ol the activity
(Table 4),

in the presence of 1M urea, 94% of the activity

When the alkylation was performed

was inhibited,

Table 2. Effects of pCMB and 2-mercaptoehanol
on activity of medium aminopeptidase.

Additive Activity (% of control)
2 CMB 2
2-Mercaploehanol 109
0 CMB +2-Mercaptoethanol 104

The enzyme was incubated in 625 gM pCMTB
and 25mM 2-mercaptoethanol at 20°C for 2 h.

Table 3, Effects of metal ions and EDTA on
activity of medium aminopeptidase.

Additive Activily {% of control)
Mn#"(as chloride) B 93
Zn?' (as sulfate) 48
Fe?' (as sulfate) 65
Mg?' (as sulfate) 99
Ca®'(as chloride) #5
Cu?*(as sulfate) 78
Co*'(as chloride) 120
Mo®*{as sodium oxide) 73
EDTA (2Na) 89

Final concentralions of the additives were 2 mM,
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Table 4. Effects of iodoacetamide and urea on
activity of medium amincpeptidase.

Additive Aectivity (% of conlrol)
- E)li;{;('l!l!-lﬂ’lidl-‘. 49
Lirea 76
[odoacetamide ~ Urea 6

The enzyme was meubated in 0.1 M iodoacetamide
and 1 M urea at 20°C for 12 h,

Discussion

In the previous paper, we suggested that Fu-
glena pisciformis absorbs potato protein after
degradation hy extracellular aminopeptidase® ' .
The present study dealt with the properties of
the aminopeptidase. Aminopeptidases in the cy-
toplasm and medium exhibited optimum activi-
ties al around pll 8 (Fig. 2), while varied mark-
edly in molecular weight (Fig. 1) .

The medium aminopeplidase exhibiled opli-
mum activily at 35°C, and was inactivated at 55
C (Figs dand 4) .

to he stable at its temperature optimum. In cold

Therefore, the enzyme seems

regions ag Hokkaido, maintenance ol the lem-
peralure in cesspools will be significant for the
enzyvme to function.

The

inhibited by low concentration of pCMB, and

aminopeptidase activity was potently
relatively slightly by 2 mM metal ions (Tables 2
The

pletely recavered by large excess of 2-mercap-

and 3) . inhibition by pCMB was com-
toethanol (Table £) . These observations imply
that pCMB interacts with cysteine required for
the activity. The recovering ol the aclivily by
large cxcess of 2- mercaptoethanol may involve
the displacement of pCMB from cysteine residues
by 2-mercaptocthanol. The aminopeptidase ae-
Livity in enzyme preparalion was also enhanced
by 2-mercaptoethanol (Table 2) . This enhance-
ment suggests that some enzymes had been cat-
the

sulfhydryl groups and 2- mercaptoethanol acti-

alytically unfunctional by oxidation of
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vated the unfunctional enzymes by reducing the
oxidized groups.

The aminopeptidase was also inactivated by
treatment with iodoacetamide, confirming that
a [ree sulfhydryl group is required for the activ-
ity (Tahle 4) . The inactivation was enhanced
dramatically in the presence of urea (Table 4) .
The enhancement by the denaturant suggesls
that sullhydryl group involved in enzyme activi-
ty is buried inside the folded protein' .

The present study indicated thal Euglena
pisciformis  mainly  secretes  extracellular
aminopeptidase exhibiting weak activity al low
termperature, It is generally recognized that the
degradation ol high polymer is enhuanced by
concerted aetion of exo- and endo-hydrolases,
NAKANO el al.? reported thalt K gracilis Z,
secretes endo protease, With respect to disposal
of proteins in potato juice, cooperation of
microorganisms producing endo- and exo-pro-

teases will be a subject in the future,
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