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An aminopeptidase specific for N-terminal alanine was isolated from the rainbow trout
(Oncorhynchus mykiss) maturing eggs using a simple procedure. The enzyme is composed of
two identical units each of MW 16 000, separable by disulfide reduction. The enzyme has a
high content of acid amino acids and its N-terminal sequence is the following
1EVNAVKCSMV10RDTLTTFNNK20KYQIN25. The sequence is identical with that of the rain-
bow trout vitellogenin precursor beginning with the amino acid in position 1 385. No
peptidase activity has been so far observed in proteins derived from this precursor. The en-
zyme activity is partially blocked by Na4-EDTA but it is not inactivated by 4-(chloro-
mercuri)benzoate, phenylmethanesulfonyl fluoride or pepstatin A.
Key words: Enzymes; Aminopeptidases; Fish eggs; 4-Nitroanilides; Rainbow trout;
Vitellogenin.

Maturing fish eggs release various types of enzymes into the surrounding
water. These enzymes are responsible for the final rupture of the egg enve-
lope, enabling the mature embryo to leave the egg1–6 and also for the pro-
tection of embryos against bacterial and fungal infection7–10. There is good
evidence that one family of these enzymes are endopeptidases11–13. Our ear-
lier experiments14–16 proved that the water in which the eggs were incu-
bated contained enzymes that were able to hydrolyse various chromogenic
substrates (aminoacyl-4-nitroanilides) for aminopeptidases. In this contri-
bution we describe the isolation and partial characterisation one of the en-
zymes that hydrolyse alanine-4-nitroanilide.
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EXPERIMENTAL

Materials

Eggs: Rainbow trout eggs were obtained from the trout hatchery in Liběchov (Czech
Republic) ten days before hatching; they were frozen and stored at –20 °C.

Chemicals: Amino acid and peptide 4-nitroanilides (pNA), substrates of different exo- and
endopeptidases were the following: Cys(Bzl)-pNA, Bz-Arg-pNA, Pro-pNA, Leu-pNA, Arg-pNA,
N-glutaryl-Phe-pNA, Z-Gly-Pro-pNA, Ala-pNA, Phe-pNA, Tyr-pNA. These compounds were
synthesised at the Institute of Organic Chemistry and Biochemistry, Academy of Sciences of
the Czech Republic. Superdex S-75 10/30, Concanavalin A-Sepharose 4B were purchased
from Pharmacia Fine Chemicals (Uppsala, Sweden). Molecular weight standards for electro-
phoresis, pI standards, gels and staining kits were obtained from Pharmacia Biotech AB
(Uppsala, Sweden). Phenylmethanesulfonyl fluoride (PMSF), molecular weight standards for
Superdex column calibration, pepstatin A and Immobilon PSQ membrane, were purchased
from Sigma (St. Louis, U.S.A.), Na4-EDTA, N,N-dimethylformamide (DMFA) and natrium salt
of 4-(chloromercuri)benzoate (PCMB) from Lachema (Brno, Czech Republic).

Methods

Enzyme isolation: The content of trout eggs was released by scission of the egg envelope in
highly purified (mQ) water (0.5 ml per egg) and soluble proteins were separated from the
precipitate by centrifugation (7 000 g, 15 min, 4 °C). Before collecting the supernatant, the
yolk sack oil globules were mechanically removed from the supernatant surface. The
supernatant was freeze-dried and stored at –20 °C. The lyophilised sample (2 mg) was dis-
solved in 200 µl of 20 mM phosphate buffer (pH 8) and applied onto Superdex S-75 10/30
column equilibrated with the same buffer on Waters–FPLC system (flow rate 0.5 ml/min,
eluted proteins were detected by measuring absorption at 276 nm). The alanine amino-
peptidase activity was measured in the fractions. Fractions hydrolysing alanine 4-nitro-
anilide were collected and rechromatographed on the same column under the same
conditions.

Peptidase activity determination. The reaction mixture contained 20 mM phosphate sodium
buffer (pH 8), 0.33 mM amino acid 4-nitroanilide, 0.3% DMFA and additional agents such as
inhibitors, if tested. The reaction was started by adding approximately 45 nmol of enzyme.
The concentration of 4-nitroaniline released from amino acid 4-nitroanilide substrates
in 2–18 h at 25 °C was measured at 405 nm. The specific activity (U/mg) was calculated as
a = V ∆A/ε d t m (V, volume of reaction mixture (l); ∆A, the change in absorbance at 405 nm;
ε, absorption coefficient for 4-nitroaniline (1.02 · 10–2 l/µmol cm); d, cuvette diameter (cm);
t, time of reaction (min); m, weight of protein (mg)).

Electrophoresis. SDS PAGE and blotting of proteins was performed on PhastSystem appara-
tus (Pharmacia Biotech AB 1995) following User manual. Isoelectric focusing was performed
in the range of pH 3–9 on the same device. Reduction of disulfide bonds of proteins was car-
ried out with 2-mercaptolethan-1-ol (5%) at 100 °C for 5 min. Gels were silver-stained17,18.

N-terminal sequence analysis. N-terminal amino acid sequence analysis was performed after
electrophoretic separation from a piece Immobilon PSQ membrane with blotted enzyme on
LF 3600 Protein Sequencer (Beckman) using Edman degradation19,20.
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Amino acid analysis. Proteins were hydrolysed in 6 M HCl for 24 h and analysed on Amino
Acid Analyser Biochrom 20 (Pharmacia). Cysteine was estimated after oxidation with
performic acid (0 °C, 4 h) as cysteic acid.

Affinity chromatography. Affinity chromatography on Concanavalin A Sepharose was per-
formed according to Bittiges et al.21.

MALDI-TOF mass analysis. Molecular weight was determined on a Biflex analyser.
Determination of protein concentration was performed according to Bradford22.

RESULTS AND DISCUSSION

Several recent papers14–16 presented the occurrence of aminopeptidase ac-
tivity in the medium, where fish eggs were cultured. We also observed a
high aminopeptidase activity inside the egg and the eggs were the source of
the enzyme we have studied. The specific activity of enzyme from the cul-
ture medium was rather higher than that from eggs, but the amount of the
enzyme there was negligible. The enzyme isolation from the eggs seems to
be better way because of the simple method we developed.

The precipitation of ballast proteins of the egg content resulted in
fifty-fold purification of the enzyme hydrolysing Ala-pNA. Trout egg pro-
teins soluble in mQ water were chromatographed on a Superdex S-75 10/30
column (see Fig. 1). The elution profile of proteins was monitored by mea-
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FIG. 1
Chromatography of trout egg proteins soluble in mQ water on the Superdex S-75 10/30 col-
umn. A lyophilized sample (2 mg) was dissolved in 200 µl of 20 mM phosphate buffer (pH 8)
and applied onto a Superdex S-75 10/30 column equilibrated with the same buffer in the
Waters–FPLC system (flow rate 0.5 ml/min, eluted proteins were detected at 276 nm). F1,
alanine aminopeptidase activity. Inset: rechromatography on a Superdex S-75 10/30 column
of protein fraction hydrolysing Ala-pNA
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suring absorbance at 276 nm and the alanine aminopeptidase activity. The
enzyme activity was found in the peak with elution time around 20 min.
The fractions showing enzyme activity were collected, lyophilised and
rechromatographed under the same conditions (see Fig. 1, inset). The spe-
cific activity of the isolated enzyme was 130 times higher than that found
in the eggs and was calculated to be 1.82 · 10–2 U/mg. The purification pro-
cedure of the enzyme was checked by SDS electrophoresis (see Fig. 2).

The molecular weight of the enzyme in non-reduced form was estimated
by chromatography on a Superdex column calibrated by molecular weight
standards, by SDS PAGE and by MALDI-TOF methods, giving values 33 000,
33 000 and 36 297–36 751, respectively. The discrepancy between the val-
ues obtained by chromatography and mass spectrometry might have been
caused by some interactions between the saccharide component of a
glycoprotein with dextran in a Superdex column or with SDS in electropho-
resis. The electrophoretic results, show that the form with reduced S–S
bonds has MW 16 000. According to our results, the alanine amino-
peptidase is a homodimeric molecule where monomers are S–S covalently
bound.

The isoelectric point of the pure enzyme lies between 5.8 and 7.7. We ob-
served ten protein bands in this range. We assume that individual enzyme
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FIG. 2
SDS PAGE of trout eggs proteins. 1, 8 molecular weight standards; 2, 3 trout egg extract; 4
trout egg proteins soluble in mQ water; 5 alanine aminopeptidase after rechromatography;
6, 7 proteins released from rainbow trout eggs into the surrounding water during incubation
at different development stages (6 one day after ovulation, 7 one day before hatching). Gel
“grad 10-15” was silver stained
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molecules differ in their charged moiety, in the amount of sialic acid23,24 or
sulfonic or phosphoric acid groups25 in the molecule.

Enzyme has no affinity to Concanavalin A-Sepharose, which is able to
bind glycoproteins with mannoside structures21. Therefore we assumed the
presence of sialic acids on O-glycosidically bound sugar. Sialic acids obvi-
ously terminate saccharide chains in some glycoproteins25. The fact that
the enzyme does not bind to Concanavalin A-Sepharose does not exclude
the presence of N-glycosidically bound saccharides.

The enzyme specificity was measured using ten different 4-nitroanilide
substrates; a very high specificity for Ala-pNA was observed. Generally,
aminopeptidase specificity is usually quite low, alanine, valine and leucine
substrates are hydrolysed at the same rate by one aminopeptidase. We ob-
served a difference in the rate of hydrolysis when arginine (10%) and
leucine (2%) substrates were taken into consideration. The reaction rates
were related to the rate of hydrolysis of Ala-pNA (100%). The rates of hy-
drolysis of other used substrates (amino acid or peptide 4-nitroanilide, see
Materials) were very low (less than 0.5%).

The enzyme activity (substrate Ala-pNA) was not blocked by pepstatin A,
PMSF and only slightly by PCMB. 1 mM EDTA reduced enzyme activity to
30% (see Table I). The alanine aminopeptidase from rainbow trout eggs
could be a member of the metalloprotease family26.

When we compared the N-terminal amino acid sequence
1EVNAVKCSMV10 RDTLTTFNNK20KYQIN25 with data from SwissProt data-
base27 we found it to be almost identical (except glutamine instead of lysine
in position 23) to the rainbow trout vitellogenin precursor28. The vitello-
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TABLE I
Inhibition of alanine aminopeptidase activity

Inhibitor Concentration Activity, %

None – 100

Pepstatin A 1 µM 100

Phenylmethanesulfonyl fluoride 1 mM 110

4-(Chloromercuri)benzoate 1 mM 84

Na4-EDTA 1 mM 35



genin amino acid sequence was read from cDNA. Vitellogenin is the precur-
sor of major egg-yolk proteins witch are sources of nutrients during early
development of oviparous organisms. It is produced by liver, secreted into
blood and then transported by endocytosis into growing oocytes, where it
is generally cleaved into smaller products29. This enzyme could be one of
them. Vitellogenin is an estrogen-induced egg protein, used for determina-
tion of water contamination30,31.

Amino acid analysis of Ala-aminopeptidase showed that acid amino acids
(and their ω-amides) made 24% of the content, neutral lipophilic Ile, Leu
and Val gave the same value. The arginine content in contrast to lysine is
low, the same is true for histidine (2.6%) (see Table II).

From the hatching enzyme studies of other authors2,4–6,32 it follows that
the enzyme function occurs only several hours before hatching in the egg.
We detected the enzyme activity a couple of days after fertilisation. Rain-
bow trout eggs have one month incubation period. The enzyme we studied
was probably not a hatching enzyme, although we observed its choriolytic
activity (data not shown). The enzyme could also change the envelope
structure during the embryo development (water hardening)33,34. We can-
not exclude that the alanine aminopeptidase participates in the hatching.
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Amino acid analysis of alanine aminopeptidase from rainbow trout eggs
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