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Ab stract

A proline iminopeptidase (EC. 3.4.11.5) was iso lated from
shoots of 3 day old seed lings. The pu ri fi ca tion pro ce dure con -
sisted of 5 steps: acid pre cip i ta tion, gel fil tra tion on Sephadex
G-200, ion-ex change chro ma tog ra phy on Sepharose CL 6B,
twice re peated hy dro pho bic chro ma tog ra phy on Phenyl-
 Sepharose HP. The en zyme was pu ri fied 404.8-fold, with the
spe cific ac tiv ity of 8.5 units·mg-1of pro tein with re cov ery
yield of 3 %. The pu ri fied en zyme had a mo lec u lar mass of 225
kDa es ti mated by gel fil tra tion and 55.4 kDa by SDS PAGE.
This in di cates that na tive en zyme is com posed of four sub -
units. The en zyme was spe cific for proline β-naphtylamide
among var i ous amino acid β-naphtylamides.

An op ti mal ac tiv ity was ob served at 37 °C at pH 7.75. The en -
zyme was thermostable up to 37 °C for 30 min. The en zyme
was strongly in hib ited by pHMB, E-64, heavy metal ions and
par tially by PMSF, DFP. The re sults sug gest that cysteine and
serine res i dues may par tic i pate in the en zyme activity.

List of ab bre vi a tions: 2-ME, 2-mercaptoethanol
PAGE, polyacrylamide gel elec tro pho re sis;
SDS-PAGE, so dium dodecyl sul fate-polyacryl -
amide gel elec tro pho re sis;
EDTA, ethylenediaminetetraacetic acid;
E-64, transepoxysuccinyl-L-leucyloamido-(4- gu -
a nidino)bu tane;
pHMB, p-hydroxymercuribenzoic acid;

βNA, β-naphthylamide;
PMSF, phenyl methylsulfonyl flu o ride;
DFP, diisopropyl fluorophosphate

In tro duc tion

Plant amino pep ti das es cat a lyze the hy dro ly sis of
pep tide bonds on N-ter mi nus of pep tide sub strates
(Varshavsky and Byrd 1997, Schaller 2004). Great
di ver sity   of these en zymes in terms of ki netic and
mo lec u lar prop er ties, sub-cel lu lar lo cal iza tion and
met a bolic func tions was a base for in tro duc ing var -
i ous clas si fi ca tion sys tems. One of them dis tin -
guishes neu tral, acidic and ba sic amino pep ti das es
(Tay lor 1993). Neu tral amino pep ti das es is a com -
mon, abun dant en zyme group in all liv ing or gan -
isms with op ti mum pH 6.5 - 7.5, In terms of sub -
strate pref er ences neu tral amino pep ti das es have
been di vided into three sub groups. The first con -
sists of en zymes show ing the high est af fin ity to
sub strates with leucine, ty ro sine, tryptophane and
phenylalanine on N-ter mi nus. They are mono mers
with mo lec u lar mass in range of 56 - 76 kDa and be -
long to cysteine en zymes (Couton et al. 1991,
Yama oka et al. 1994). The sec ond sub group con -
sists of amino pep ti das es pre fer ring sub strates with
alanine or leucine on N-ter mi nus. They are
metalloenzymes with mo lec u lar mass vary ing from 
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14 to 390 kDa (Casano et al. 1989, Gu and Wall ing
2002). The last and less in ves ti gated sub group of
neu tral amino pep ti das es are iminopeptidases (pro -
line amino pep ti das es). They have been traced in
many plants spe cies, both mono- and dicotyledo -
nous (van der Valk et al. 1989, Isola and Franzoni.
1996). How ever, up to the pres ent only three
iminopeptidases from higher plants have been pu ri -
fied: from wheat 127-fold (Wa ters and Dalling
1983), apri cot 1 700-fold (Ninomiya et al. 1982)
and pea nut 300-fold (Oviedo Ovando et al. 2004).
Much more ef fort was made to pu rify iminopep -
tidases in procaryota (Atlan et al. 1994, Kitazono et 
al. 1996, Medrano et al.1998, Inoue et al. 2003),
but the ob tained re sults show only sen si ble dif fer -
ences be tween plant and bac te ria en zy mes. Sim i -
lar ity in amino acid se quences was very low, not ex -
ceed ing 30 %. Plant iminopeptidases have cysteine
–SH groups in the ac tive site and are char ac ter ized
by high sub strate spec i fic ity to wards proline at
N-ter mi nus. An im por tant role in en zyme ac tiv ity
is also played by group –OH of serine pres ent in en -
zy matic pro tein (Oviedo Ovando et al. 2004). The
met a bolic func tions of proline amino pep ti das es
have not been in ves ti gated yet. It can be sup posed
that, to gether with other amino pep ti das es, they de -
grade pro teins and pep tides (Caldwell and Spar row
1990, Simpson 2001). Low abil ity of the known
amino pep ti das es to lib er at ing proline from pro tein
mol e cule may be the in di ca tion of that. More over,
some au thors do not pre clude that imi no peptidases
take part in main tain ing high level of proline un der
abiotic stress (Dubey and Rani 1990, Wall ing
2006). As our cur rent knowl edge about plant
proline iminopeptidases is very insufficient, in this
pa per we tried to de ter mine the mo lec u lar and ki -
netic prop er ties of iminopeptidase and rec og nize
the ac tiv ity regulating processes of that en zy me in
rye seedlings leaves. These investigations are
starting points for further studies on determining
the exact metabolic functions of this enzyme.

Ma te rial and Meth ods

Plant ma te rial

Shoots of 3-day old rye seed lings var. Dańkowskie
złote were used for the ex per i ments. Rye seeds
were im bibed on moist ened fil ter pa per in Petri

dishes in dark ness at the tem per a ture 22 °C. Af ter 3
days seeds ger mi na tion shoots of seed lings were
cut and stored frozen -80 °C prior to ex trac tion.

Pu ri fi ca tion pro ce dure

All steps of the pu ri fi ca tion pro ce dure were per -
formed at 0 - 4 °C. Shoots of the seed lings (30 g)
were cut into 1 cm long pieces and ho mog e nized in
50 mM Tris-HCl buffer,1:5 (w/v), pH 7.5 con tain -
ing 2 mM 2-ME, fil tered through sev eral lay ers of
miracloth. The fil trate was cen tri fuged for 15 min at 
20,000 g. The pel let was dis carded and supernatant
was acid i fied to pH 5.2 with 2M ace tic acid ac cord -
ing to method de scribed by Wa ters and Dalling
(1983). Af ter 24 h at 2 °C, acid - par tic i pated pro -
teins were re moved by centrifugation at 20,000 g
for 15 min. The vol ume of supernatant ob tained
was re duced to ap prox i mately 5 ml us ing Amicon
with a PM 100 mem brane. The con cen trated ex -
tract was ap plied on the Sephadex G-200 col umn
2.6 x 100 cm equil i brated with the 50 mM Tris-HCl
buffer, pH 7.5 con tain ing 2 mM 2-ME. The col umn
was washed with the same buffer at a rate of 0.5
ml·min-1 and 5-ml frac tions were col lected. Frac -
tions were an a lyzed for sol u ble pro tein and imino -
peptidase ac tiv ity. Fol low ing chro ma tog ra phy on
Sephadex G-200, the frac tions show ing ac tiv ity
against Pro-ß-NA were pooled and con cen trated as
above to about 2.5 ml. The prep a ra tion ob tained
was loaded onto a col umn 1.5 x 10 cm of Sepharose
CL 6B equil i brated with 10 mM Tris-HCl buffer,
pH 7.5 con tain ing 2 mM 2-ME. The col umn was
washed with 250 ml of equlibrainting buffer and
iminopeptidase pro tein was eluted with lin ear NaCl 
gra di ent 0→0.3 M. 3 ml frac tions ac tive against
Pro-ß-NA were col lected, con cen trated to 1 ml and
loaded onto Phenyl-Sepharose HP col umn 1.5 x 5
cm equil i brated with 50 mM Tris-HCl – 1 M am -
mo nium sul fate buffer, pH 7.5 con tain ing 2mM
2-ME at the flow rate 2 ml·min-1 the col umn was
first washed with equilibrating buffer and then sub -
jected to a de scend ing gra di ent from 1.0→0 M
(NH4)2SO4. The last step of en zyme pu ri fi ca tion
was the rechromatography of ac tive frac tions on
the same Phenylsepharose HP col umn equil i brated
with 50 mM Tris-HCl - 2 M am mo nium sul fate
buffer, pH 7.5 con tain ing 2mM 2-ME. The ab -
sorbed pro teins were eluted with lin ear gra di ent of

518

U. SZAWŁOWSKA, W. PRUS & W. BIELAWSKI



(NH4)2SO4 2.0→0 M at the flow rate 2 ml·min-1.
The ac tive frac tions were used as a pu ri fied
iminopepti dase.

As say of en zyme ac tiv ity

Iminopeptidase ac tiv ity was de ter mined by the
method of Kolehmainen and Mikola (1971) us ing
amino acid β-naphtylamides. In rou tine as say the
re ac tion was car ried in 1ml of 50 mM Tris- HCl
buffer, pH 7.5, con tain ing 0.1 mM amino acid
β-naphtylamide at 37 °C. One unit of en zyme ac tiv -
ity was de fined as the amount of en zyme pro duc ing
1 µmole naphtylamine per one min.

De tec tion en zyme ac tiv ity in polyacrylamide gel

The gels af ter elec tro pho re sis were in cu bated in
1mM so lu tion of sub strate dis solved in 50  mM
Tris- HCl buffer, pH 7.5 for 30 min. The gels were
stained in the same buffer con tain ing 0.1 % Fast
Gar net GBC salt (Kolehmainen i Mikola 1971).

De ter mi na tion of Km value

Km val ues for amino acid β-naphtylamides were
de ter mined graph i cally by the method of Line -
weaver and Burk (1934). The sub strate con cen tra -
tions used ranged from 0.015 to 1.5 mM.

Mo lec u lar mass es ti ma tion

The mo lec u lar mass of the iminopeptidase was es -
ti mated by the gel fil tra tion on a Sepharose 2B col -
umn 2.5 x 100 cm. The col umn was equil i brated
with 100 mM Tris-HCl buffer, pH 7.5 con tain ing 2
mM 2-ME. The stan dards, blue dex tran (2000
kDa), apoferritin (480 kDa), catalase (240 kDa),
bo vine al bu min (137.5 kDa), were made up to a
con cen tra tion of 1 mg·ml-1 in equilibrating buffer
con tain ing 0.1 % (w/v) sucrose.

Na tive PAGE

Elec tro pho re sis un der non-de na tur ing con di tions
was per formed on 7.0 % polyacrylamide gel by the
method of Laemmli (1970), in Tris-glycine buffer,
pH 8.3.

SDS PAGE

Elec tro pho re sis was car ried out ac cord ing to
Laemmli (1970) in 12 % slab polyacrylamide gel
with 4 % stack ing gel us ing SDS-PAGE mark ers
stan dard kit Sigma: Trypsinogen (24 kDa), Car -
bonic anhydrase (29 kDa), Glyceraldehyde- 3-
 phos phate dehydrogenase (36 kDa), Ovalbumin
(45 kDa), Glutamic dehydrogenase (55 kDa), Al -
bu min (66 kDa), Phosphorylase b (97 kDa),
β-Galactosidase (116 kDa), My o sin (205 kDa).
Pro teins bands were vi su al ized ac cord ing to Blum
et al. (1987).

De ter mi na tion of pro teins

Pro tein was de ter mined by the method of Brad ford
(1976) with bo vine se rum al bu min as a stan dard.

Re sults and Dis cus sion

Pu ri fi ca tion

The pu ri fi ca tion pro ce dure used for proline
iminopeptidase from rye seed lings con sists of 5
steps (acid pre cip i ta tion, gel fil tra tion, an ion-ex -
change chro ma tog ra phy, twice re peated hy dro pho -
bic chro ma tog ra phy) and the re sults are pre sented
in Ta ble 1. The ap plied pro ce dure al lowed to ob tain
404.8-fold pu ri fied en zy matic prep a ra tion with the
spe cific ac tiv ity of 8.5 units·mg-1 pro tein. Acid pre -
cip i ta tion was the first step, as all tra di tional meth -
ods of ini tial pu ri fi ca tion, like am mo nium sul fate
pre cip i ta tion, protamine sul phate or ac e tone pre -
cip i ta tion did not give ex pected re sults. All above -
metioned meth ods led to al most 80 % de crease in
ini tial en zyme ac tiv ity (data not shown). Chro ma -
tog ra phy on Sephadex G-200 and Phenyl-Sepha -
rose HP ap peared to be the most ef fec tive steps of
the pu ri fi ca tion with 8-and 5.5- fold in crease of the
spe cific ac tiv ity, re spec tively. In ad di tion, chro ma -
tog ra phy on Sephadex G-200 was a nec es sary step,
as it was the only way to sep a rate var i ous amino -
pep ti das es with broad sub strate spec i fic ity from
proline iminopeptidases. As a re sult of us ing par -
tially orig i nal pu ri fi ca tion pro ce dure one of the
high est de scribed fac tor of pu ri fi ca tion of proline
iminopeptidase in higher plants was ob tained
(Ninomiya et al. 1982, Wa ters and Dalling 1983,
Oviedo Ovando et al. 2004). In fact, the real pu ri fi -
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ca tion of the en zyme seems to be higher than
405-fold be cause of pres ence of other amino pep ti -
das es in cru de ex tract which use Pro-βNA as a sub -
strate. The ho mo ge ne ity of the en zy matic prep a ra -
tion was chec ked with PAGE method un der
non-denatu rating con di tions. As shown at Fig. 1,
one band of pro tein corresponds with one band of
en zyme ac tiv ity.

Char ac ter is tics of the en zyme

The en zyme ac tiv ity was de ter mined at the pres -
ence of three dif fer ent buff ers in pH range of 6.75 -
8.25 (Fig. 2). Us ing Tris-HCl or Rob in son’s buffer
in the in cu ba tion mix ture was showed that the op ti -
mum pH of the en zyme was 7.75. More over, it was

found, that in the pH range 7.5 - 8.0 the en zyme ac -
tiv ity sub mit ted only lit tle changes. For the phos -
phate buffer op ti mum pH was lower (7.5) and the
level of en zyme ac tiv ity within tested pH range
slightly dif fer en ti ated. Sim i lar re sults were ob tai -
ned for apri cot (Ninomiya et al. 1982) and pea nut
seeds iminopeptidase (Oviedo Ovando et al. 2004), 
whereas op ti mum pH both for the crude and par -
tially pu ri fied en zyme prep a ra tion from wheat
leaves was 7.4 (Wa ters and Dalling 1983). Op ti -
mum tem per a ture of stud ied en zyme was 37 °C,
and its in crease by 5 °C over the op ti mum caused
al  most  30 % drop of  ac  t iv  i ty  (Fig .  3) .
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Ta ble 1. Sum mary of the pu ri fi ca tion of  proline iminopeptidase from 3 day – old rye shoots.

Pu ri fi ca tion step To tal pro tein
(mg)

To tal ac tiv -
ity (units)

Spe cific ac tiv ity
(units·mg-1pro tein)

Pu ri fi ca tion (fold) Yeld (%)

Crude ex tract 332.40 6.770 0.021   1 100

Acid pre cip i ta tion 129.09 5.551 0.043   2  82

Sephadex G-200   5.620 1.883 0.335  15.9  28

Sepharose CL6B   1.330 0.682 0.513  24.4  10

1st Phenyl-Sepharose HP   0.200 0.541 2.710 129.0   8

2nd Phenyl-Sepharose HP   0.024 0.204 8.500 404.8   3

Ta ble 2. Sub strate spec i fic ity and ki netic pa ram e ters of proline 
iminopeptidase.

Sub strate Rel a tive ac tiv ity
(%)

Km (M)

Pro-β-NA 100 1.56·10-5

Phe-β-NA   7.6 2.19·10-4

Gly-β-NA   6.4 3.19·10-4

His-β-NA   6.3 3.45·10-4

Ala-β-NA   6.1 6.56·10-4

Leu-β-NA   4.7 -

Arg-β-NA   3.2 -

Trp-β-NA   0 -

Tyr-β-NA   0 -

Met-β-NA   0 -

Glu-β-NA   0 -

Ile-β-NA   0 -

Val-β-NA   0 -

Ta ble 3. Ef fect of in hib i tors and metal ions on the proline 
iminopeptidase ac tiv ity. The en zyme was preincubated in 50
mM Tris-HCl buffer, pH 7.5 con tain ing dif fer ent re agents for
120 min. at 4 °C. Af ter preincubation, the ac tiv ity to ward
Pro-βNA was as sayed by stan dard pro ce dure.

Re agent Con cen tra tion
(mM)

Rel a tive ac tiv ity
(%)

None - 100

1,10-phenantroline 10  99

EDTA 10  98

PMSF  1.0  51

E-64  1.0  16

pHMB  0.1   2

DFP  1.0  49

Pepstatine A  0.15  91

ZnCl2  0.5   6

CuCl2  0.5   9

PbCl2  0.5   9

MgCl2  0.5 102

MnCl2  0.5 101

CaCl2  0.5  95



Thermostability of the
en zyme has been stud ied 
in the range of 25 - 60 °C
(Fig.  3).  60 min ute
pre-in cu ba tion at 25 - 37
°C did not have any in -
flu ence on en zyme ac -
tiv ity, whereas at the
tem per a ture of 45 - 55 °C 
most of the en zyme was
in ac ti vated. The com -

par i son of ther mo stability of rye proline
iminopeptidase with those from other or gan isms is
rel a tively dif fi cult, due to lack of sim i lar stud ies for
higher plants. More over, ex cep tion ally dif fer en ti -
ated thermo sta bility of proline imino peptidases
from mi cro or gan isms was ob served (Kitazono et
al. 1996, Medrano et al.1998, Inoue et al. 2003). 

Sub strate spec i fic ity was de ter mined with dif fer ent 
β-naphtylamide sub strates un der stan dard con di -
tions (Ta ble 2). Among four teen sub strates used,
proline - βNA al lowed for achiev ing the high est ac -
tiv ity. In con trast to many amino pep ti das es func -
tion ing in plant cell, rye iminopeptidase shows rel -
a tively nar row sub strate spec i fic ity (Yamaoka et al.
1994, Gu et al. 2002). Fur ther more, high ac tiv ity in
pres ence of Pro-β-NA is ac com pa nied by much
lower Km value for the sub strate in com par i son
with other sub strate used (Ta ble 2). This data en -
sure, that stud ied en zyme is a proline imino pep -
tidases show ing high pref er ences to wards sub stra -
tes with proline at N-ter mi nus. It is known that
iminopeptidases pre fer sub strates with proline at
the N-ter mi nus, but in the case of en zyme from rye
shoots the re place ment of Pro-β-NA with
Leu-β-NA or Ala-β-NA al lows for achiev ing only
5-6 % ac tiv ity, whereas from pea nut seeds - 12 and
37 %, re spec tively (Oviedo Ovando et al. 2004).
The above ob ser va tions may in di cate the im por tant
met a bolic func tions of this en zyme, as spe cific re -
lease of proline serves the plant growth and de vel -
op ment pro cesses. On the other hand it may be one
of the mech a nisms of os motic ad ap ta tion of plants

to stress con di tions. Many ear lier stud ies un der wa -
ter def i cit (Delauney and Verma 1993), NaCl sa lin -
ity (Dubey and Rani 1990) or high ozone con cen -
tra tion (Eckey-Kaltenbach et al. 1994) re vealed
that ac cu mu la tion of proline as a key amino acid re -
spon si ble for the osmoregulation and be ing also a
scav en ger of free rad i cals formed dur ing stress was
ob served (van der Hoorn and Jones 2004). It is in -
ter est ing that re gard less that study, in creased level
of aminopeptidase ac tiv ity un der high ozone con -
cen tra tion was re corded (Eckey-Kaltenbach et al.
1994). The ex pla na tion of this phe nom e non re -
quires fur ther re search, as the aminopeptidase ac -
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Fig. 1. Elec tro pho retic pat tern
of pu ri fied proline imi no pep -
tidase:, gel stained for pro tein
(1) and for ac tiv ity (2).

Fig. 2. Ef fect of pH on proline iminopeptidase ac tiv ity. The en -
zyme ac tiv ity was mea sured at 37 °C in 50 mM con cen tra tion
of var i ous buff ers in clud ing Robison’s buffer (n), Tris-HCl
buffer (s), phos phate buffer (l). The ac tiv ity to ward Pro-βNA
was ex pressed as a per cent age of the max i mum ac tiv ity.
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Fig. 3. Ef fect of tem per a ture and ther mal sta bil ity on proline
iminopeptidase ac tiv ity. The ef fect  of tem per a ture (l) was
determinated at var i ous tem per a ture us ing stan dard as say de -
scribed in Ma te ri als and meth ods. For the ther mal sta bil ity (s),
the re main ing ac tiv ity was determinated as above af ter
preincubation of the en zyme for 30 min. at dif fer ent tem per a -
tures.
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tiv ity in crease may also re flect the in ten si fy ing pro -
cess of re moval dam aged pro teins, formed due to
ex ces sive ac cu mu la tion of re ac tive ox y gen forms
(van der Hoorn and Jones 2004). Be sides de ter mi -
na tion of the ki netic prop er ties of rye proline
iminopeptidase, the aim of study was to rec og nize
the struc ture of ac tive site and mech a nisms of en -
zyme ac tiv ity reg u la tion. Ex per i ments car ried with
di ag nos tic in hib i tors showed the high est in hi bi tion
with E-64 and pHMB (Ta ble 3). Var i ous heavy
metal ions showed sim i lar in flu ence, which at con -
cen tra tion of 0.5 mM de creased the level of ac tiv ity
in 90 % in com par i son with con trol (Ta ble 3). The
ex per i ments show an im por tant role of cysteine res -
i dues in form ing of en zyme-sub strate com plex.
Sim i lar re sults were ob tained for other up to now
stud ied higher plant iminopeptidases (Oviedo
Ovando et al. 2004) and were also the rea son for in -
clud ing them into cysteine en zymes. The lack of
EDTA and Pepstatine A in flu ence on the en zyme
ex cludes pres ence of as par tic acid -COOH groups
and metal ions in the ac tive site of proline imino -
peptidase. Also, in ter est ing is the over 50 % de -
crease of ac tiv ity caused by DFP (Ta ble 3). It sug -
gests an im por tant role of serine -OH groups in
main tain ing the ac tiv ity of the en zyme. Per haps, in
rye imino peptidases, cysteine -SH and serine -OH
groups par tic i pate in the en zyme ac tiv ity and ad di -
tion ally cysteine res i dues sta bi lize sub units com -
po si tion. Sim i lar ob ser va tions were ob tained for
proline iminopeptidase iso lated from Lactobacillus 
delbrueckii subsp. bulgaricus CNRZ 397. (Atlan et 

al. 1994), Flavobacterium meningosepticum (Kita -
zono et al. 1996), Xanthomonas campestris pv.
Citri (Medrano et al. 1998). De spite many sim i lar i -
ties be tween higher plant-or i gin imino pepti da ses,
also sig nif i cant dif fer ences can be ob served. One of 
them was the mo lec u lar mass. The es ti mated by gel
fil tra tion mo lec u lar mass of the na tive rye proline
iminopeptidase was 225 kDa (Fig. 4) whereas for
en zyme of wheat was 400 kDa (Wa ters and Dalling
1983). SDS-PAGE showed that stud ied en zyme
was built of a sin gle type of sub units, of 55.4 kDa
(Fig. 5). Ac cord ing to these re sults the na tive en -
zyme may be com posed of four sub units. The
multimeric struc ture of the iminopep tidases ap -
peared to be a com mon char ac ter is tic of these en -
zymes in most eukaryote and prokaryote. The mo -
lec u lar mass of higher plants and an i mal imino -
peptidases in de na tured state were found to be 55 to
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Fig. 4. Plot of mo lec u lar mass of stan dard pro teins and proline
iminopeptidase against the Ve value determinated by mo lec u -
lar gel fil tra tion on Sepharose 2B. Stan dards: Blue Dex tran
(2000 kDa), Apoferritin (480 kDa), Catalase (240 kDa), Bo -
vine Albumine (137,5 kDa).

Fig. 5. SDS-PAGE of pu ri fied proline iminopeptidase.
1- mo lar mass mark ers: Trypsinogen  (24 kDa), Car bonic
anhydrase  (29 kDa), Glyceraldehyde-3-phos phate
dehydrogenase  (36 kDa), Ovalbumin    (45 kDa), Glutamic
dehydrogenase  (55 kDa), Al bu min  (66 kDa), Phosphorylase b 
(97 kDa), β-Galactosidase  (116 kDa), My o sin (205 kDa).
2- pu ri fied en zyme
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56 kDa (Ninomiya et al. 1982, Mathu shima et al
1991, Oviedo Ovando et al. 2004), whereas en -
zymes of prokaryotes 34-63 kDa (Atlan et al. 1994,
Kitazono et al. 1996). The first were de scribed as
tetrmers or hexamers (Ninomiya et al. 1982, Wa -
ters and Dalling 1983, Oviedo Ovando et al. 2004)
but the sec ond as trim mers, dim mers or mono mers
(Atlan et al. 1994, Kitazono et al. 1996).

The above dif fer ences may be due to the fact, that
the en zymes were pu ri fied from dif fer ent or gan -
isms, which are ge net i cally far from each other. The 
gen er al iza tion of our cur rent knowl edge is dif fi cult
mainly be cause of the in suf fi cient data on this en -
zyme es pe cially in higher plants. We plan to carry
out more ex per i ments re gard ing the gene ex pres -
sion of this en zyme un der con trol and abiotic stress
con di tions in different plant species.
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