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Purification and properties of aminopeptidase from Tilapia intestine

Digestive enzyme of Tilapia-1X—
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Aminopeptidases of the intestine of Tilapia nilotica were purified by ammonium sulfate precipitation, fol-

lowed by trypsin inhibitor-Sepharose4B affinity chromatography, DEAE-cellulose ion-exchange chromatography

and polyexchanger PBE 94 chromatofocusing.

Two different Aminopeptidases were obtained in the pure state and tentatively designated aminopeptidase I

and IL. Each of the two aminopeptidases was found to be a single band when examined by native polyacrylamide

gel electrophoresis. The purifications of aminopeptidase I and II were 63— and 79—fold from the crude extract,

respectively.

Aminopeptidase I and II had molecular weight of 240,000 and 300,000, respectively. Aminopeptidase I
showed the highest activity at pH 7.0 and 45°C. Aminopeptidase I showed the highest activity at pH 6.5 and 50°
C. Aminopeptidase I specifically was found to be able to hydrolyze Ala-pNA, while II was found to be able to

hydrolyze Leu—pNA.

Two enzymes were strongly inhibited by DFP, TPCK, EDTA and o—-phenanthroline. The activities of two en-

zymes inactivated by EDTA were regenerated by the addition of Zn2+, Co?*, Mg?* and Cu®*.
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Fig. 1. Affinity chromatography of aminopeptidase from
Tilapia intestine on a Trypsin inhibitor-Sepharose 4B
column. Crude enzyme, after (NH,),SO4 precipita-
tion, was applied on a Trypsin inhibitor-Sepharose 4B
column (1.5x14 cm) equilibrated with 20 mM phos-
phate bufter (pH 7.0). The enzyme was eluted with 20
mM phosphate buffer (pH 7.0). ---, protein (absor-
bance at 280 nm); -@-, aminopeptidase activity; —,
pooled fraction.
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Fig. 2. Ton-exchange chromatography of aminopeptidase
from Tilapia intestine on DEAE-cellulose column. The
active fraction of trypsin inhibitor-Sepharose 4B
column was applied on a DEAE-cellulose column (1.5
x 18 cm) equilibrated with 20 mM phosphate buffer
(pH 7.5). The enzyme was eluted stepwisely with 400
mL of 0 to 0.3 M NaCl in the same buffer. ---, protein
(absorbance at 280 nm) ; -®-, aminopeptidase activity;
—, pooled fraction.
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Fig. 3. Chromatofocusing of aminopeptidases from 7ila-
pia intestine. The desalted enzymes of DEAE-cellu-
lose active fraction (I and II) were applied on a poly-
exchanger column (PBE94, 1.2 x 18 cm) equilibrated
with 25 mM imidazole-acetic acid buffer (pH 6.5), and
then the enzymes were eluted with polybuffer 74-HCl
(pH 4.0), respectively. (A), active fraction I of
DEAE-cellulose column; (B), active fraction II of
DEAE-cellulose column. -, protein (absorbance at
280 nm); @, aminopeptidase activity; —, pH.

Fig. 4. Disc-polyacrylamide gel electrophoresis of the
purified aminopeptidases from Tilapia intestine. The
purified enzymes I and IT (0.1 mg) were applied to 10
9 polyacrylamide gel (pH 8.3). The gel was stained
for protein with Coomassie brilliant blue R-250.
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Table 1. Summary of purification process of aminopepti- (A) (B)
dases of Tilapia intestine Activity Stability
- - 0 F
Total  Total Specific  Purifi- Yield 10
Stage protein activity  activity cation %) ’\3
(mg) (units) (units/mg) (fold) ° < g0 - =
Crude extact™! 314.7 4872 15.5 1.0 100 z
50% (NH,),SO; precipitate 110.2 3984 36.2 2.3 82 % 60 |- -
Trypsin inhibitor-sepharose 4B 82.4 3620 43.9 2.8 74 :
Aminopeptidase 1 '% 40 -
DEAE-cellulose 1.5 799 532.6 34.5 16 &
Chromatofocusing 0.5 539 1078.0 69.5 11 20 L
Aminopeptidase 1l
DEAE-cellulose 3.6 1541 428.1 27.6 32 0 L -

Chromatofocusing 1.0 1040 1040.0 67.1 21

*1 Acetone-powder of tilapia intestine (20 g) was used.
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Fig. 5. Effects of pH on the activity and stability of the
purified aminopeptidases from Tilapia intestine.
Buffers used were 0.1 M Mcllvaine buffer (pH 5.0~
7.5), 0.1 M Tris-HCI buffer (pH 7.5-8.5) and 0.1 M
borate buffer (pH 8.5-10.5). (A), Optimum activity:
the reaction was carried out for 10 min with pH altera-
tion (at 40°C). (B), Stability against pH:the enzyme
was preincubated at various pH at 40°C for 30 min and
the remaining activity was determined (at 40°C for 10
min). -@-, aminopeptidase [; -A-, aminopeptidase II.

D, 60CTET I/ RTFX—Y 11340%, 73 /X
TF A= ML 50% OFEMAKREL, 70°C Tl figgE
DFEEAFIGIIEHT 20% Th - 72,

3. PTELLUEES 77y 7 2G6G-2001C
£ 57V ERE R LU SDS-PAGE 12T, ST B0HE
AT o7 (Fig 7). 73/ XTF ¥4 —¥ 11k
240,000, 7 3 / RTF X — M3 300,000 & #Ex
W, TI/RTF AV TR T ZNET I )R TF5—
' (245,000),1% L FREOS FETHD, LigA 7
WEBT 2/ XTF & —+ (370,000, 320,000)4 F 0 2
RN E oty TI/IRTFA—EIBLUT ELiICy
JVIEs#H & SDS-PAGE DJEIEEN —FK L 722 L b, —
RKEORYXRTF R LE2LNE, T3 ) RTFHX—
B 2EEREITABERS VS, BEONELELLD
T 2RI FH =BT ONTIRASE THERL SN
HBEATHLZ LEABEORIE L E2 ONL, COA

log (MW)

log (MW)

| I 1 | 1 I | 1 L | { |

20 30 40 50 60 70 20 30 40 50 60 70
Temperature  (°C) Temperature  (°C)

Fig. 6. Effects of temperature on the activity and stabili-
ty of the purified aminopeptidases from Tilapia intes-
tine. (A), Optimum activity: the reaction was carried
out for 10 min with temperature alteration (at I, pH
7.0; II, pH 6.5). (B), Stability against temperature:
the enzyme was preincubated at various temperatures
at pH 7.0 or pH 6.5 for 30 min and the remaining activ-
ity was determined (at 40°C for 10min). -@-,
aminopeptidase I; &, aminopeptidase II.
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Fig. 7. Estimation of molecular weight of the purified
aminopeptidases from Tilapia intestine. (A), Gel
filtration with a Sephadex G-200 column (1.5x 90
cm) equilibrated with 20 mM phosphate buffer (pH
7.0). 1, thyroglobulin; 2, ferritin; 3, catalase; 4, aldo-
lase. (B), SDS-PAGE. 8% gel; 1, thyroglobulin; 2, bo-
vine serum albumin, 3, catalase; 4, lactate de-
hydrogenase; I, aminopeptidase I; II, aminopeptidase
1.
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Table 2. Effect of various reagents on the activity of
aminopeptidases of Tilapia intestine

Reagent (1 mM)

I I
None 100 100
DFP*! 8 2
TPCK*2 15 18
o—Phenanthroline 22 0
EDTA*3 44 26
PCMB** 55 55
L-Cysteine 43 50
2—Mercaptoethanol 74 49
TLCK*> 71 76
EPNP*6 60 80
CH,ICOOH 89 93
STI*” (100 ug/mL) 97 98
COM*8 (100 ug/mL) 96 98

The enzyme was preincubated with 1 mM of various reagents at 40
°C for 30 min, and the remaining activity was determined.

*1 DFP: diisopropyl fluorophosphate

*2 TPCK: N-tosyl-L—phenylalanine chloromethyl keton.

*3 EDTA: ethylenediaminetetraacetic acid.

*1 PCMB: p—chloromercuribenzoic acid.

*5 TLCK: N-tosyl-L-lysine chloromethyl keton.

*6 EPNP: 1,2—-epoxy—3-(p—nitrophenoxy) propane.

*7 goybean trypsin inhibitor.

*8 chiken ovomucoid.
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Table 3. Effect of chelating agents on aminopeptidase ac-
tivity of Tilapia intestine

Relative activity (%)

Reagent conc. —
(mM) I I
None 100 100
EDTA 1.0 44 26
1.5 16 0
2.0 0 0
o—Phenanthroline 0.2 78 14
0.5 52 0
1.0 22 0
2.0 0 0

The enzyme was preincubated with some concentration of EDTA
and o-phenanthroline at 40°C for 30 min, and the remaining activity
was determined.
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Table 4. Activity restoration from inactivated aminopep-
tidases with EDTA by the addition of metal ions

Relative activity (% )*2

Reagent —
I I

None 100 100
EDTA*! 0 0
Zn4+ 84 61
Co?+ 79 50
Mg2+ 60 52
Cu?+ 44 20
Ca?+ 33 0
Niz+ 15 0
Fe2+ 0 0
Cdz+ 0 0
Ph?-+ 0

*1 The concentration of EDTA was 2.0 mM of and 1.5 mM for 1TI.

*2 The EDTA-treated enzyme was preincubated with 1 mM of vari-
ous metal reagents at 40°C for 60 min, and the remaining activity
was determined.

Table 5. K, value and V,,../K,, of aminopeptidase activi-
ty of Tilapia intestine for some substrates

Ky, (mM) Vias/ Ko
Substrate —

1 I 1) I
Leu-pNA 0.2 0.2 65.0 105.0
Ala—-pNA 0.1 0.2 190.0 95.5
Arg-pNA 0.3 0.5 27.5 8.8
Lys—-pNA 0.4 0.9 11.7 2.3
Gly—pNA 0.5 0.9 44 2.7
Phe-pNA 14 1.2 1.5 1.8
Pro—-pNA 1.6 1.6 0.7 0.8
Val-pNA 2.0 1.6 0.7 0.8
Bz-Arg-pNA — — — —
Bz-Phe-pNA — - —

The calculation of K, value and V,,../K,, was based on the method
of Linweaver and Bruk. The reaction was carried out at 40°C for 10
min with various concentrations of substrate. pNA: p—itroanilide.
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