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A simple, rapid and straightforward procedure for identification and determination of intracellular and
extracellular activity of aminopeptidases employing synthetic substrates B-naphtylamides of L-Ala,
L-Phe, and L-Tyr was used. Poppy cells (Papaver somniferum L.) permeabilized by Tween 80 were
immobilized via crosslinking by glutaraldehyde. Glutaraldehyde immobilized poppy cells lost their viabi-
lity and demonstrated significantly lower aminopeptidase activities than untreated control cells prob-
ably due to a damage to the enzyme active centre. Poppy cells immobilized by pectate and alginate
have retained high activity of studied aminopeptidases. The culture medium (without cells) used for
the identification and determination of extracellular enzyme activities retained 20-21%, whereas intra-
cellular activities were estimated to be 79-80% of total enzyme activity. Thus the intracellular specific

activity was 1.00-1.07 higher.

1. Introduction

Opium poppy (Papaver somniferum L.) is one of the ear-
liest domesticated plants. Until now it is an important and
the only source of morphine and codeine besides anumber
of other benzylisoquinoline alkaloids of pharmaceutical
significance such a muscle relaxants papaverin and nosca-
pine (Baldzova et al. 2002; Bilkovi et al. 2005a, b).

The formation of opium alkaloids, e.g thebaine, during
germination of poppy seedlings is well documented. In
the poppy seedlings precursors of alkaloids can arise the
de novo via shikimic pathway or by proteolysis from stor-
age proteins and peptides. The proteolytic activities within
germinating seeds and seedlings are described (Baldzova
etal. 1988; BeneSovad etal. 2002). Tyramine and dopa-
mine play an important role in the initial steps of benzyli-
soquinoline biosynthesis (Bilkova et al. 2006).
Decarboxylation of L-tyrosine, L-phenylalanine and L-
DOPA was shown in experiments in poppy seedlings (Jin-
dra et al. 1966). Activities of L-tyrosine and L-DOPA decar-
boxylases were demonstrated in poppy cell suspension cul-
tures immobilized by glutaraldehyde (Stano et al. 1995).
Synthetic and natural substrates may be used for the iden-
tification and determination of aminopeptidase activity
(Mrestani-Klaus et al. 2002; De Mester et al. 2002). Im-
mobilization of whole cells or enzymes represents an ef-
fective way of producing highly efficient enzyme catalysis
with application in many industrial processes (Trelles et al.
2004). Plant proteolytic enzymes metabolize peptides and
proteins and are involved in processes such as degrada-
tion, posttranslational protein modification etc. (Guo et al.
1998; Mertova et al. 2002). Proteinases participate in the
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mobilisation of storage proteins to amino acids, which are
indispensable for the primary and secondary metabolism
of cells (Bilka et al. 2002; BeneSova et al. 2002). Germi-
nation and ripening of seeds and pollen is associated with
the expression of various hydrolytic enzymes (Duarte
et al. 1998; Tegeder et al. 2000).

Aminopeptidases (aminoacylpeptide hydrolase EC 3.4.11)
catalyse the release of the N-terminal amino acids from
peptides or synthetic substrates. The determination and
immobilization of aminopeptidase activity plays an impor-
tant role in research activities (Siekel and Micieta 1998;
Trelles et al. 2002). The availability of a simple and rapid
screening method for the detection of aminopeptidase ac-
tivity moreover coupled with immobilization of those en-
zymes is of some importance for both research and pro-
duction purposes. The synthetic substrates such as [3-
naphtylamides (BNA) provide an additional advantage of
defined condition for enzymes study (Stano et al. 1997).
The aim of present study was to show that following syn-
thetic substrates L-Ala-fNA, L-Tyr-fNA, L-Phe-BNA can
be employed for the identification and determination of
the activity of intra-and extracellular plant aminopeptidase
in a simple and rapid array.

2. Investigations, results and discussion

2.1. Identification and determination
of poppy aminopeptidases

The synthetic substrates [3-naphtylamides of L-Ala, L-Phe,
and L-Tyr were used in this study to determine the intra-
cellular and extracellular activity of aminopeptidases. The
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Table 1: Distribution of L-alanine, L-phenylalanine and L-tyrosine aminopeptidases in cell culture and culture medium of opium

poppy
Fraction Volume  Protein Activity (mg/g fresh mass) Specific activity (nkat/mg protein)
(ml) (nkat/g fresh mass)
L-Ala-AP L-Phe-AP L-Tyr-AP L-Ala-AP  L-Phe-AP  L-Tyr-AP
Intracellular activity 1 0.82 1.8 £0.06 15=£0.06 1.6+ 0.07 2.19 1.83 1.95
(Homogenate of isolated cells)
Extracellular activity 5 0.22 045 +£0.02 040 £0.02 042 £0.02 2.04 1.82 1.91

(Culture medium without cells)

* Corresponding to the amount of isolated cells
Values are averages £ SD from five experiments

activity of extracelluar aminopeptidase was detected as re-
dish bright zone beneath and around the cell area on the
agar plates. In the case of 3—4 day old seedling root tips
and hairy roots the redish bright zone was visible after
30-90 min. The stained zone was not present when the
plant material was thermally treated (100 °C, 10 min).

The intra- and extracellular aminopeptidase activity assay
of homogenized cell suspension cultures and medium used
for they 12 days cultivation was performed (Stano et al.
1997). The data from above mentioned synthetic sub-
strates demonstrate that the 79—-80% were of intacellular
and 20-21% of extracellular activity. The intacellular spe-
cific activity was 1.00—1.07 higher. It was shown that in-
tra- and extracellular activity of aminopeptidase and inver-
tase is similar (Stano etal. 2004). Contrary to that the
extracelluar activity of a-galactosidase and f3-galactosidase
(MicCieta et al. 2002; Neubert et al. 2004) is 3—4 fold high-
er than that of invertase (Stano et al. 2004).

The production of extracellular aminopeptidases as well as
other hydrolases released from plant cells and/or microor-
ganisms might be of some importance for taxonomical
purposes (Krizo and Liska 1999), biotechnological appli-
cations and elucidation of the study of biologically active
compounds (Mucaji et al. 1999).

The formation of the opium alkaloid thebaine during ger-
mination of opium poppy seedlings is well documented
(Facchini and Park 2003). In studied seedlings the precur-
sors of alkaloids can arise either de novo via shikimic
pathway or by proteolysis from reserve proteins (Stano
etal. 1995). The influence of cycloheximide, chloramphe-
nicol and phenylmethylsulfonyl fluoride resp. upon the
growth and development of poppy seedlings and on the
protease activity was studied by BeneSova et al. (2002).
The inhibition of studied endopeptidase (caseinolytic) ac-
tivity by these effectors indicates de novo formation of
this enzyme during poppy seedlings development. Phenyl-
methylsulfonyl fluoride (inhibitor of serine proteases) did
not affect enzyme activity and the growth and develop-
ment of poppy seedlings.

2.2. Activity of aminopeptidase in immobilized opium
poppy cells

Immobilization techniques have had an evident impact on
biotechnological research and applications (Klibanov
1983; Hulst and Tamper 1989; Hansen etal. 1989, Gill
and Ballestros 2000).

In this work immobilization by pectate, alginate and glu-
taraldehyde were used. Glutaraldehyde immobilized poppy
cells differed significantly from the cells in suspension as
they lost their viability as proved by vital staining and
respiration rate. Pectate and/or alginate immobilized cells
from culture suspensions remained viable as demonstrated
by utilization of glucose (Fig.).
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Fig.: Time course of glucose utilization in cells immobilized by glutaralde-
hyde, pectate and alginate

The enzyme activity of cells cross-linked by glutaralde-
hyde showed a considerable decrease (Table 2). This was
in agreement with previous results for plant proteases
(Bales etal. 1987; Elcin and Sacak 1996). It was con-
cluded that crosslinking with glutaradehyde may damage
the active centre of an enzyme and consequently decrease
its activity. Contrary to these results the glutaraldehyde
immobilization of many plant cells was shown to be a
convenient method for long-term preservation of different
catalysts as are o-galactosidase and [3-galactosidase, inver-
tase, L-tyrosine decarboxylase and L-DOPA decarboxylase
(Hansen etal. 1998; Stano etal. 1995; Weissova et al.
2001).

An alternative of the plant cells immobilization is an em-
ployment of alginate or other hydrogels (Brodelius et al.
1979; Furuya etal. 1984; Shoichet etal. 1996). Poppy
cells immobilized this way appeared to be convenient for
several enzymes (BdleS etal. 1987) (Table 2). The cells
entrapment in beds facilitate the continuous flow-through
arrangements, improves separation of products, prolongs
biocatalyst half-live, protects cells from shear forces, pre-
vents cell aggregation, stimulates secondary metabolism
and other features, too (Berlin et al. 1998; Trelles et al.
2004).

Biotransformation using free or immobilized biocatalysts
not only provides and alternative and efficient solution to
the synthesis of several compounds, but also offers envi-
ronmentally friendly technologies that profit from mild re-
action conditions (Trelles et al. 2004).

Chemical synthesis of opium poppy alkaloids is very com-
plicated and expensive. Cell suspension cultures of opium
poppy produce relatively higher amount of benzophenan-
thridine alkaloid, sanguinarin upon elicitation (Bilkova
etal. 2005a). The absence of 1,2-dehydroreticuline reduc-
tase (DRR) activity in opium poppy cell cultures is likely
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Table 2: Activity of L-alanine, L-phenylalanine and L-tyrosine aminopeptidases in cell suspension of glutaraldehyde, pectate and

alginate immobilized poppy cells

Cells Protein (mg/g dry mass) Activity (nkat/g dry mass) Specific activity (nkat/mg protein)
L-Ala-AP L-Phe-AP L-Tyr-AP L-Ala-AP L-Phe-AP L-Tyr-AP

Suspension 18.9 £+ 0.26 39.6 £ 0.29 332 £0.26 35.2 £0.27 2.09 1.76 1.09

Tween 80 6.0 £0.23 413 £0.28 354 £ 0.25 37.1 £0.25 6.88 5.90 6.18

permeabilized

Glutaraldehyde 59 +£0.24 2.1 £0.18 2.1 £0.18 2.1 £0.18 0.36 0.31 0.32

immobilized™

Pectate 18.9 £ 0.24 144 £ 0.26 1414 £ 0.25 13.9 £ 0.24 0.76 0.75 0.74

immobilized™*

Alginate 18.8 £ 0.23 14.0 £ 0.23 13.8 £0.23 13.7 £ 0.24 0.74 0.73 0.73

immobilized**

x Prior glutaraldehyde immobilization the cells were permeabilized by Tween 80
** The cells immobilized by pectate and alginate entrapment resp. were not permeabilized
Values are averages £ SD from five experiments

a primary reason for the lack of morphinane alkaloid bio-
synthesis differentiated tissues (De Eknamkul and Zenk
1992). The opium poppy plants still remain important as
the only source for the analgetic and antitussive drugs,
morphine and codeine, in addition to a number of other
benzylisoquinoline alkaloids of pharmaceutical signifi-
cance such as papaverine and noscapine (Bilka et al. 2003,
2004).

Results of this study indicate that cell immobilization by
glutaraldehyde crosslinking causes significant decrease in
aminopeptidases and proteases activities. The immobiliza-
tion of cells by alginate and/or pectate protects most of
studied enzymatic ativity and clearly showed suitability
for research purposes. A sensitive and straightforward
method for detection of extracellular aminopeptidases was
developed by employment of synthetic substrates.

3. Experimental

3.1. Plant material

Long-term callus cultures were derived from opium poppy seedlings
(Papaver somniferum L. cv. “Amarin”) and were cultivated as previously
desribed (Stano etal. 1995). Seedlings of Papaver somniferum L. cv.
“Amarin” were cultivated from sterilized seeds under aseptic conditions
(Dixon 1991).

3.2. Extracellular enzyme activity

L-Ala-BNA, L-Tyr-fNA and L-Phe-BNA were used for the identification of
extracellular aminopeptidase. The corresponding azo-dye was formed by
coupling B-naphtylamine released by enzymatic activity with Fast Garnet
GBC salt (GBC salt) as described (Stoward and Pearse 1991; Lojda et al.
1979).

2 mg L-Ala-fNA, L-Arg-BNA, L-Phe-fNA, or L-Tyr-BNA resp. were dis-
solved in 0.5 ml dimethylformamide and 4.5 ml of 0.1 M Na-phosphate
buffer pH 6.5 containing 10 mg GBC salt. 5 ml of 2% agar in 0.1 M Na-
phosphate buffer (pH 6.5) were added to the above mixture and autoclaved
in the usual way. Agar plates were then inoculated with cells from grow-
ing callus cultures or 4-5 days old seedlings of opium poppy and were
than cultivated 30—90 min.

3.3. Determination of intracellular and extracellular activity
of aminopeptidase

3.3.1. Enzyme preparation

Cell suspension cultures were used to determine the intracellular amino-
peptidase activity. The cells (12 g) were filtered off and washed with 3 1 of
distilled water. Soluble proteins were extracted by grinding the cells in a
precooled mortar using 1:1 (g/ml) cells and 0.1 M Na-phosphate buffer
pH 7.0 at 4 °C. The homogenate was squeezed through two layers of ny-
lon cloth and centrifuged at 15000 x g for 15 min at 4 °C. For determina-
tion of the extracellular enzyme activity, the cultivation medium was cen-
trifuged at 1000 x g for 15 min at 4 °C.
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3.3.2. Enzyme assay

The activity was estimated by using L-Ala-BNA, L-Phe-BNA, and L-Tyr-
BNA as substrates. The incubation mixture contained 0.5 ml 0.1 M Tris-
HCI buffer solutions having pH values of 8.1, 7.5, and 6.7 respectively,
0.5ml of 2mM L-Ala-BNA, 2.2 mM L-Tyr-BNA and 2.5 mM L-Phe-BNA
respectively, and appropriate amounts of enzyme (0.3—0.5 ml) or enzyme
incubated with 1 mM diisopropylfluorophosphate (DFP). The enzyme reac-
tion was terminated by addition of 0.5 ml of 20% HCIO4. 1 ml of the
supernatant was centrifugated for 10 min at 2000 x g supplemented by
1 ml of 0.2% NaNO,, maintained at 4 °C for 10 min, than 1 ml of 0.5%
ammonium sulphamate was added. After addition of 2 ml of 0.1% metha-
nolic solution of N,N’-(naphtyl)ethylendiamine hydrochloride and incuba-
tion at 37 °C for 30 min the azo-dye was formed. Its intensity was deter-
mined spectrophotometrically at 578 nm against a control sample of DFP
inactivated enzyme (Schaper et al. 1990). The enzyme activity is expressed
in katals. Proteins were determined by the method of Doumas et al. (1981)
using bovine serum albumine as a standard. The enzyme data were meas-
ured in pentaplicate and the average + SD was determined.

3.4. Cell permeabilization by Tween 80 and immobilization
by glutaraldehyde

Cell suspensions were filtred through a nylon cloth, and 10 g of fresh mass
was suspended in 50 ml of 5% Tween 80 in 0.15 mol - 1=' NaCl solution.
Permeabilization was carried out for 3 h under moderate stirring at room
temperature. The cells were filtered off and washed with 3 1 of distilled
water and 3 1 of 0.15M NaCl solution and separated by filtration. The
permeabilized cells were immediatelly suspended 50 ml of 0.15 M NaCl
solution. Then 5 ml of 25% glutaraldehyde was slowly added with gentle
stirring and left for 3 h at room temperature. The immobilized cells were
then separated and washed with 3 1 of distilled water and 3 1 of 0.15M
NaCl solution.

3.5. Cell immobilization by pectate and/or alginate

Cell suspensions were filtred through anylon cloth, and then immobilized
by pectate and/or alginate. In total, 5 g of fresh mass of cells suspension
was resuspended in 20 ml of 5% pectate and alginate respectively and then
dropped into solution of 0.05M CaCl, (100 ml). The spherical gel parti-
cles produced were fairly homogenous having diameters of approximatelly
4 mm. The gel beds (100 beds contained 1 g cells) with immobilized cells
were collected from the CaCl, solution. Beds (3 g) were washed, then
added to the 20 ml growth medium and cultured in 100 ml flasks on a
rotatory shaker (80-90 r.p.m) (Furuya et al. 1984; Shoichet et al. 1996).

3.6. Determination of fresh and dry mass

Fresh and dry mass of cell suspensions were determined gravimetrically,
the samples were dried to constant weight at 105 °C.

3.7. Glucose utilization

The immobilized cells and cell suspensions were exposed to an initial glu-
cose concentration of 250 mg/l in cultivation media (Furuya et al. 1984;
Stano etal. 1998) without the presence of sucrose. The concentration of
glucose was determined by the method of Trinder (1969).

3.8. Cell viability

The cell viability was determined by a method of Dixon (1991) with
2,3,5-triphenylterazolium chloride (TTC), fluorescendiacetate and with
oxygen electrode resp.
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