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Ab stract

Changes in the level of en dog e nous form al de hyde (HCHO),
some N-meth yl ated com pounds (choline and trigonelline) and
peroxidase ac tiv ity were ex am ined in the leaves of bean ge no -
types (Phaseolus vulgaris L.) with dif fer ent dis ease-sen si tiv -
ity dur ing ontogenesis in the stressfree con di tion and af ter nat -
u ral in fec tion by Pseu do mo nas savastanoi pv. phaseolicola
(un til the ap pear ance of le sions). HCHO, as its dimedone
adduct, and fully N-meth yl ated com pounds were de ter mined
by over pres sured layer chro ma tog ra phy (OPLC) in dif fer ent
de vel op men tal stages and in the in fected leaves/leaf discs.
Peroxidase ac tiv ity was mea sured by a spec tro pho to met ric
method. HCHO level de creased with age ing of the pri mary
leaf and ac cord ingly in the leaves at dif fer ent de vel op men tal
stages, then in creased again in both cases due to the
demethylation and methylation pro cesses. Con cen tra tion of
choline and trigonelline as po ten tial HCHO gen er a tors de -
creased con sid er ably while peroxi dase ac tiv ity in creased with
age ing of the plants. Com par ing the symptomless and the
Pseu do mo nas in fected leaf discs (with watersoaked le sions)
we found a de crease in the level of HCHO, choline and
trigonelline and there was de tect able in crease in the
peroxidase ac tiv ity in the in fected leaf tis sues. Our find ings are 
in ac cor dance with pre vi ously pub lished re sults that

peroxidases play an im por tant role in ox i da tive demethy lation
pro cesses. Our hy poth e sis is that the high level of HCHO in the 
old leaves can orig i nate from meth yl ated com po nents as the re -
sult of peroxidase ac tiv ity and this high level may lead to the
old leaf be ing re sis tant to patho gen. This con clu sion is sup -
ported by the fact that the leaves of sus cep ti ble bean ge no types
be came re sis tant to Pseu do mo nas while grow ing older.

List of ab bre vi a tions: HCHO, form al de hyde;
OPLC overpressured layer chro ma tog ra phy; POD
peroxidase

In tro duc tion

In spite of its genotoxic and car cin o gen char ac ter,
HCHO can be found in hu man (Szarvas et al.
1986), an i mal (Heck et al. 1990) and plant tis sues
(Sárdi and Tyihák 1994, Tyihák et al. 1996, Velich
and Sárdi 1997). The en dog e nous HCHO is pro -
duced partly by en zy matic demethylation
(demethylases, peroxidases) of dif fer ent N-, S- and
O-meth yl ated com pounds (Paik and Kim 1980,
Kedderis and Hollenberg 1983, Kawata 1983,
Huszti and Tyihák 1986, Chelvarajan et al. 1993).
Since the en dog e nous transmethylation pro cesses
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oc cur via HCHO (Huszti and Tyihák 1986) this
com pound can be con sid ered as one of the ba sic
con stit u ents of bi o log i cal sys tems. Anal y sis of dif -
fer ent plant sam ples (e.g. wa ter-melon, snap been)
has shown cor re la tion be tween the amount of en -
dog e nous HCHO and/or the amount of fully
N-meth yl ated com pounds and the nat u ral dis ease
re sis tance and/or stress tol er ance of the given plant
(Sárdi 1994, Velich et al. 2000).

In our pre vi ous stud ies some re la tion ships were
found be tween the con cen tra tion of HCHO, qua ter -
nary am mo nium com pounds and the bi otic stress
tol er ance of dif fer ent snap bean va ri et ies with
known re sis tant genes. The re sis tant va ri et ies, es -
pe cially in their young trifoliate leaves, have higher 
con cen tra tions of qua ter nary am mo nium com -
pounds than sen si tive genotypes (Sárdi and Velich
1995). 

It is sup posed that bi o log i cal sys tems, like plants,
un der stress con di tions may de fend their macromo -
lecular con stit u ents (en zymes, nu cleic ac ids) by
methylation with methyl groups orig i nated from
en dog e nous HCHO (László et al. 1998, Tyihák et
al. 1998). This type of in duced dis ease re sis tance
can be achieved by ap pli ca tion of en dog e nous N-,
S- and O-meth yl ated com pounds for the in duc tion
of dis ease re sis tance in the host by pre treat ment of
plants with in ducer (Nε-trimethyl-L-lysine in bean
plants) be fore in oc u la tion (Tyihák et al. 1989). 

It is known that there are dif fer ent re sponses in dif -
fer ent de vel op men tal stages of the plant in the
Phaseolus-Pseu do mo nas host-patho gen sys tem
(Ve lich and Szarka 1981). Re sults of in oc u la tions
showed that leaves of sus cep ti ble bean ge no types
be came re sis tant while grow ing older (Klement
1982, Velich and Sárdi 1997, Sárdi et al. 1999).

Peroxidases not only are in di ca tors of dif fer ent
stress (Tyihák et al. 1989), mark ers of the onto -
genetic age of the plant (Sanchez-Romero et al.
1993, Al bert et al. 1998) and im por tant in the iden -
ti fi ca tion of dif fer ent ge no types, but they play a
role in demethylation pro cesses and take part in the
HCHO cy cle (Huszti and Tyihák 1986).

The aim of this work was to de ter mine the ef fect of
the in volve ment of peroxidase in the en zy matic
demethylation pro cesses on the age-de pend ent re -

sis tance (in de pend ent of ge no type) of Phaseolus
vulgaris and on the bean-Pseu do mo nas in ter ac tion
im me di ately af ter a natural infection.

Ma te ri als and meth ods

Plant ma te rial

Snap bean plants (Phaseolus vulgaris L.) were cul -
ti vated in com mer cial com post in a green house. We 
col lected leaf sam ples at dif fer ent de vel op men tal
stages from the pri mary leaf to the third trifoliate
leaf. Marks of sam ples:

a) I/1, II/1, III/1, IV/1, V/1 - pri mary leaf of plants
in the dif fer ent de vel op men tal stages,
b) IV/1, IV/2, IV/3, IV/4 – leaves from the old to the 
young in the third trifoliate stage. 

The age-de pend ence of re sis tance was ex am ined
and com pared with the re sis tant and sus cep ti ble ge -
no types in dif fer ent phenophases. The first tri fol -
iates were in oc u lated with 108 cell/ ml Pseu do mo -
nas savastanoi pv. phaseolicola bac te rial sus pen -
sion. The other plant sam ples, which were nat u rally 
in fected with Pseu do mo nas were col lected from
the field. Leaf discs were taken from the first and
sec ond true leaves of plants with dif fer ing sus cep ti -
bil ity (highly-HS and moderately-MS susceptible
lines).

The leaf discs orig i nated from dif fer ent symp tom
types: symptomless true leaves as con trols (C),
watersoaked le sions with out a toxic halo in mod er -
ately sus cep ti ble (MS) va ri et ies, water soaked le -
sions with a toxic halo in highly sus cep ti ble (HS)
plants and young leaves with toxin sys temisation
(T).

Prep a ra tion of sam ples for OPLC anal y sis

Leaf tis sues were frozen with liq uid N2, pow dered
and sus pended in dimedone so lu tion (0.05 % dime -
done in meth a nol) (e.g. 0.3 g plant pow der in 0.7 ml
of 0.05 % dimedone so lu tion). This sus pen sion was 
cen tri fuged at 1500 g for 10 min utes at 4 °C and the
clear supernatants were used for OPLC sep a ra tions
(Gersbeck et al. 1989). OPLC sep a ra tions were car -
ried out on OPLC sil ica gel 80 F254 precoated
chromatoplates us ing chlo ro form - methylene chlo -
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ride mix ture (35/65,v/v) for form aldemethone de -
ter mi na tion and i-propanol - meth a nol - 0.1 M so -
dium ac e tate mix ture (20/3/30 v/v/v) for qua ter -
nary am mo nium com pounds. Cal i bra tion curves
were pre pared us ing au then tic sub stances (at λ =
265 nm for formaldemethone and at λ = 525 nm for
choline and trigonelline, con cen tra tion of stan dard
1 mg⋅ml-1) which were de tected by Dragen dorff re -
agent. Densitograms were taken with a Shimadzu
CS-930 scan ner.

Sam ple prep a ra tion for anal y sis of peroxidase ac -

tiv i ties

0.25 g of leaves were ho mog e nized in 1 ml ice cold
20 mM Tris-HCl ex trac tion buffer (pH 7.8), con -
tain ing 0.2 mg/ml MgCl2, 10 mg/ml poly vi nyl -
-pyrrolidone, 200 mg/ml su crose, 3.4 mg/ml po tas -
sium meta bi sul fite, 0.35 mg/ml bo vine se rum al bu -
min and 100 mg/ml Tri ton X-100. The crude ex -
tracts were cen tri fuged and the supernatants were
an a lyzed. Peroxidase ac tiv i ties (POD) were mea -
sured by spec tro pho to met ric method (Shan non et
al. 1966) in the pres ence of H2O2 as a sub strate and
orto-dianizidine as a chromogen re agent ε = 11.3 at
λ = 460 nm. 

Re sults

Fig. 1 il lus trates our find ings, the amount of en dog -
e nous HCHO, trigonelline, choline and peroxidase
ac tiv ity on dif fer ent phenophases in both ge no -
types. The level of HCHO de creased at first with
age ing of the bean plants, but in creased again in old
leaves of old plants. Con cen tra tions of trigonelline
and choline also de creased from young to old leaf,
in the dif fer ent phenophases. The peroxidase ac tiv -
i ties showed a con tin u ous in crease from youn ger
leaves to older ones in both re sis tant and sus cep ti -
ble genotypes. 

A pos si ble ex pla na tion for the ex pe ri enced age-de -
pend ent HCHO con cen tra tion (orig i nated from
fully N-meth yl ated com po nents) is that in young
pro lif er at ing cells methylation pro cesses are dom i -
nant over demethylation ones, while in old leaves
ox i da tive demethylation - in which be side deme -
thy lases, peroxidases play a cru cial role - over -
whelms methylation. The age-re lated de crease of

fully N-meth yl ated com pounds as well as an in -
crease in peroxidase ac tiv ity sup port the idea that
peroxidases are involved in oxidative demethy -
lation.

We have de ter mined the con cen tra tion of HCHO
and some qua ter nary am mo nium com pounds and
the ac tiv ity of peroxidase en zymes in healthy
(symptomless: 21C, 87C, 32C, 90C, 137C, 20C,
89C, 2021C) and in fected (with toxic halo: 21, 87,
32, 90, 137, 20, 89, 2021) leaf discs of nat u rally in -
fected bean plants un til the ap pear ance of lesions
(Fig. 2). 

Our re sults clearly show that the amount of HCHO, 
choline and trigonelline gen er ally de creased in the
in fected plant tis sues. In the case of highly sus cep -
ti ble va ri et ies the con cen tra tion of fully N-meth yl -
ated com pounds de creased in the leaf tis sues with
watersoaked le sions (89, 2021), but in creased
again in the leaves po si tioned above the in fected
leaves with chlorotic symp toms (89T, 2021T).
Peroxidase ac tiv ity more or less in creased in all
cases of the bean va ri et ies, how ever, the rate of in -
crease ac cord ing to the ge netic back ground (va ri et -
ies with dif fer ent sen si tiv ity to Pseu do mo nas sp).

Dis cus sion

Peroxidase ac tiv ity in creased with age ing of
leaves, whereas re versely, the con cen tra tions of
choline and trigonelline de creased from the youn -
gest leaves to the old est in a given de vel op men tal
stage of the plant in de pend ent of ge no type. The
same ten den cies were also ob served dur ing se nes -
cence of a given leaf. A pos si ble ex pla na tion for
these re sults is that the methylation pro cesses are
more in ten sive in the rap idly pro lif er at ing cells (the 
youn gest leaves). The high level of HCHO ob -
served in  young leaves  orig  i  nated f rom
methylation pro cesses (Tyihák and Szőke 1996,
Tyihák et al. 1996, Al bert et al. 1998). 

The level of choline and trigonelline de creased
with age ing of the plant and sim i larly dur ing the de -
vel op ment of a leaf. The con tent of HCHO also de -
creased with age ing of bean plants, but in creased
again dur ing se nes cence of pri mary leaves (Fig.
1A) and ac cord ing to the age of leaves in a given
phenophase (Fig. 1B). The rel a tively high level of
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HCHO in old tis sues
can orig i nate from
deme thylation pro -
cesses of the meth yl -
ated sub s tances
catalysed by per oxi -
dases and/or deme -
thylases (Huszti and
Tyihák 1986). 

It is known that per -
oxidase en zymes par -
tic i pate in hy dro gen
per ox ide-de pend ent
demethylation pro -
cesses and these stress 
en zymes may play an
im por tant role in dif -
fer ent stress con di -
tions by cat a lyz ing
demethylation pro -
cesses (Huszti and
Tyihák 1986, Ked -
deris et al. 1963). It is
sup posed that the el e -
vated peroxidase ac -
tiv ity ob served in old
leaves con trib uted to
the ac cu mu la tion of
HCHO in these
tissues. 

Our hy poth e sis is that 
the  high level  of
HCHO in the old
leaves can be pro -
duced due to per -
oxidase ac tiv ity from
meth yl ated com po -
nents and this high
level may con trib ute
to the pre ven tion of
the old leaf to patho -
gen at tack. This con -
clu sion is sup ported
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Fig. 1. En dog e nous HCHO (A, B), trigonelline (C,D), choline (E,F) (µg/g fresh weight) con tents - col umns - and peroxidase en -
zyme acitivities (U/ml) - line - in the dif fer ent phenological phases of re sis tant and sen si tive bean va ri et ies.
A. I/1, II/1, III/1, IV/1, V/1 - pri mary leaf of plants in the dif fer ent de vel op men tal stages,
B,C,D, E, F. IV/1, IV/2, IV/3, IV/4 – leaves from the old to the young in the third trifoliate stage. 
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by the fact that sus cep ti bil ity of leaves is de creased
dur ing se nes cence ir re spec tive of the plant ge no -
type (re sis tant or sus cep ti ble). Senescenced pri -
mary leaves of sus cep ti ble plants will not show any
watersoaked le sion, the well -known symp tom of
sus cep ti ble re ac tions (Kle ment 1982, Velich and
Sárdi 1997, Sárdi et al. 1999).
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