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Two defensin-like pro teins with mo lec u lar weight 11.3 and 9.8 kDa were iso lated from 7-day-old Scots pine seed lings
(Pinus sylvestris L.) us ing ion ex change chro ma tog ra phy. The qual ity and the ac tiv ity of pu ri fied prep a ra tions were ana -
lysed by gel elec tro pho re sis and growth-in hib i tory as says. We found that both defensin-like pro teins in hib ited the growth of
my ce lium of the phytopathogenic fun gus Fusarium oxysporum at con cen tra tion <1 mkg/ml, and caused mor pho log i cal
changes of hyphae.
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In tro duc tion. All liv ing or gan isms, from bac te ria to plants
and then to mam mals, have de vel oped de fense mech a -
nisms from un fa vor able en vi ron men tal abiotic and bi otic
fac tors in the pro cess of evo lu tion ary de vel op ment. Among 
the most dan ger ous bi otic fac tors, the first place is given to
mi cro or gan isms, which sur round the plants through out
the whole pro cess of ontogenetic de vel op ment and of ten

are caus ative agents of in fec tious dis eases. The syn the sis of
antimicrobial pro teins (AMP) in re sponse to patho genic
ac tion of mi cro or gan isms is a sur vival mech a nism de vel -
oped dur ing the evo lu tion by many classes of liv ing or gan -
isms [1]. The fam ily of plant AMP is very di verse and in -
cludes в-gluconase, chitinases, ri bo some in ac ti vat ing
pro teins, in hib i tors of serine and cysteine pro teas es,
lipid-trans port ing pro teins, etc [2]. Plant defensins which
ob tained its name due to their struc tural and func tional
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sim i lar i ties to defensins from mam mals and in sects, are
mem bers of AMP fam ily [3].

Plant defensins are low-mo lec u lar weight and
cysteine-rich pro teins. In ad di tion, most defensins are pos -
i tively charged due to high per cent age of arginines and
lysines in their amino acid se quences. The ter tiary struc -
ture of these pro teins is formed by б-he lixes and three
anti-par al lel в-lay ers, which are con nected by disulfide
bridges. Anti-fun gal and anti-bac te rial ac tiv i ties are in her -
ent to defensins [4, 5]. The ex pres sion of these com pounds
is con sti tu tive, but could be strongly in duced in re sponse to 
patho gens or stress fac tors [6].

Pre vi ous stud ies on the anti-fun gal ac tiv ity of defensins 
re vealed sig nif i cant changes in mem brane po ten tial of fun -
gal cell mem branes and the am pli fi ca tion of Ca2+ con -
sump tion and K+ out put [7]. It was also shown that plant
defensins in ter act with spe cific lipid com po nents of fun gal
plasma mem brane. Fur ther more, defensin RsAFP2 from
Raphanus sativus was fond in com plex with
glycosylceramides, while defensin DmAMP1 from Dihlia
merskii ac cu mu lated in mem brane microdomains – rafts. 
In ter nal iza tion of defensins and their reg u la tory in ter ac -
tion with intracellular com po nents has been re cently pro -
posed as a po ten tial mech a nism for anti-fun gal ac tiv ity of
these pro teins [8].

First plant defensins were iso lated from seeds, where
they com prise up to 0.5% of to tal pro tein con tent. Now a -
days, defensins from veg e ta tive and gen er a tive or gans of
metasperms have been pu ri fied and char ac ter ized. It has
been found that in these or gans defensins are local ised on
the extracellular sur face of cells, sug gest ing their in volve -
ment in the first line of de fense in the most vul ner a ble to
patho gen tis sues [6]. Re cently, genes en cod ing
defensine-like pro teins, were iden ti fied in genomes of
gym no sperms of Picea and Ginkgo spe cies and their ex -
pres sion in the roots of spruce seed lings was shown [9]. Us -
ing af fin ity pu ri fi ca tion ap proach, we have re cently iso late
and iden ti fied by mass spec trom e try defensin from the ex -
tracts of Pinus sylvestris seed lings [10]. The main goal of
cur rent study was the iso la tion and func tional char ac ter -
iza tion of the pool of defensin-like pro teins from Pinus
sylvestris seed lings. Us ing ion ex change chro ma tog ra phy,
two defensin-like pro teins were iso lated nearly to ho mo ge -
ne ity and their anti-fun gal ac tiv i ties char ac ter ized.

Ma te ri als and meth ods. The ex trac tion of heat-sta ble
pro teins from Pinus sylvestris seed lings.  In this study we
used vi a ble seeds of P.sylvestris, ob tained from Bug State
For estry, L’viv re gion. The seeds were in cu bated in the
ther mo stat at 26°C, on fil ter pa per soaked with dis tilled
wa ter in Petri dishes.  Seven days later, seed lings were iso -

lated, frozen in liq uid ni tro gen and stored at -70°C un til
their us age.

The frozen seed lings (20g) were pow dered in liq uid ni -
tro gen. The pro teins were ex tracted us ing 50mM sul phate
acid (3ml/g of raw mass) for 1 hour at 4°C. The ex tract was
gauze fil tered and cen tri fuged at 14000g, for 20min at 4°C
in K-24 cen tri fuge (Janetzki, Ger many). The supernatant
was re moved and its pH equil i brated to 7.8 by 10M NaOH.
Af ter in cu ba tion at at 4°C for 30min the supernatant was
cen tri fuged again (14000g, 20min, 4°C). Then, am mo -
nium sul phate pre cip i ta tion was ap plied to pre cip i tate pro -
teins at 35%, and then at 80% sat u ra tion.  At each pre cip i -
ta tion stage, the sed i ment was formed for 18 hours, 4°C,
fol lowed by centrifugation at 14000, 30min, 4°C.  The sed -
i ments were dis solved in 20mM Tris-HCl buffer, pH 7.4,
10mM NaCl. The frac tion of heat-sta ble pro teins was ob -
tained by heat ing re-sus pended sed i ments at 85°C, 10min,
fol lowed by centrifugation at 20000g, 20min, 4°C. Pre cip i -
tated pro teins were re moved and the supernatant used for
ion ex change chro ma tog ra phy.

Ion ex change chro ma tog ra phy of thermostable pro -
teins on P-cel lu lose. The frac tion of heat-sta ble pro teins
was di a lyzed against buffer, con tain ing 20mM, Tris-HCl,
pH 7.4, 100mM NaCl and then ap plied onto P-cel lu lose
P11 col umn (vol ume 4ml) (Whathman, Great Brit ain)
equil i brated by di al y sis buffer. The elu tion of bound pro -
teins was con ducted by lin ear gra di ent of so dium chlo ride
(0.1-1M NaCl). The con cen tra tion of pro teins in frac tions
was de ter mined at 280nm on BIOTECH pho tom e ter
(WPA, Great Brit ain).

The frac tions of eluted pro teins were an a lyzed by
SDS-PAGE elec tro pho re sis in Laemmli sys tem [11]. To
do so, TSA was added to frac tions in small aliquots to the
fi nal con cen tra tion of 10%. Pre cip i tated pro teins were har -
vested by centrifugation and washed with cold ac e tone.
The pel let was dis solved in sam ple buffer (62.5mM
tris-HCl, pH 6.8, 1% SDS, 2% 2-mercaptoethanol, 10%
glyc erol) and boiled for 2 min. Pro teins were sep a rated by
elec tro pho re sis in 5-22% polyacrylamide gra di ent gel in
the pres ence of 0.1% SDS. Then, the gel was sil ver stained
[12].

The frac tions con tain ing the pro teins of in ter est were
pooled to gether, di a lyzed against dou ble dis tilled wa ter
and stored at -70°C.

The in ves ti ga tion of anti-fun gal ac tiv ity of iso lated
pro teins. The cul ture of phytopathogenic fun gus Fusarium
oxysposum was kindly pro vided by the In sti tute of For est
Bi ol ogy (Po land).

Anti-fun gal ac tiv ity of pro teins was in ves ti -
gated as pre vi ously de scribed [13]. The so lu tions of tested
pro teins (0.3ml in vol ume)  were ster il ized by fil tra tion
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through 0.22mm fil ter (Millipore, France) be fore the ad di -
tion to tubes con tain ing 3ml of liq uid 1.8% po tato-dex trose 
agar at 45°C. Af ter mix ing, the agar was poured onto Petri
dishes (50x15mm). When the agar so lid i fied, F.oxysporum
my ce lium pieces were in oc u lated in the cen ter of ev ery
dish. The dis tilled wa ter was used as a con trol. The dishes
were in cu bated for 72 hours at 23°C. The area of mi celle
col ony was then mea sured and the ra tio of fun gal col ony
in hi bi tion growth was cal cu lated as pre vi ously de scribed
[13].

The in ves ti ga tion of re la tion ship of pu ri fied on P-cel -
lu lose pro teins out of P.sylvestris seed lings to
phosphotyrosine-sepharose. In this as say, 5mg of pu ri fied
pro teins was in cu bated on the wheel with 40ml of
phosphotyrosine-sepharose in buffer con tained 20mM
Tris-HCl (pH 7.5), 150mM NaCl, 1% Tri ton X-100, 5mM 
EDTA, 20mM NaF, for 2 hours at 4°C. The bind ing to ty -
ro sine-sepharose was car ried out un der sim i lar con di tions.
Af fin ity ma trixes with ty ro sine or phosphotyrosine
sorbents were ob tained ac cord ing to [14]. Bound pro teins
were washed 3 times in the in cu ba tion buffer. Spe cif i cally
as so ci ated pro teins were eluted from beads by boil ing in
Laemmli buffer (100mM Tris HCl, pH 6.8, 2% SDS, 4%
2-mercaptoethanol, 20% glyc erol) and sep a rated by elec -
tro pho re sis in 5-22% polyacrylamide gra di ent gel in the
pres ence of 0.1% SDS. Sep a rated pro teins were then vi su -
al ized by sil ver stain ing.

Re sults and dis cus sion. It is well known that plant
defensins are low-mo lec u lar weight and cysteine-rich pro -
teins with high pos i tive charge. Fur ther more, they are
highly re sis tant to ex treme pH val ues and tem per a tures.
The sta bil ity of defensins is de ter mined by their unique 3D
struc ture, known as Cys-sta bi lized бв fold, which is com -

prised of б-he lix and three anti-par al lel в-strands, linked
by four disulfide bridges [15].

To pu rify defensine-like pro teins from P. sylvestris
seed lings, we em ployed fol low ing stages: sul fate acid ex -
trac tion [16]; am mo nium sul phate cut; and heat treat -
ment. Then, the ob tained frac tion of heat-sta ble pro teins
was sep a rated by chro ma tog ra phy on P-cel lu lose. Bound
pro teins were eluted from the sorbent by lin ear gra di ent of
so dium chlo ride. The anal y sis of eluted frac tions by gel
elec tro pho re sis in di cated the pres ence of  only two pro teins 
with the mo lec u lar weight of 11.3 kDa (P1) and 9.8 kDa
(P2) (Fig.1, B). P1 peak was eluted in frac tions be tween
0.35-0.65M NaCl, and P2 peak - at salt con cen tra tion of
0.6-0.8M (Fig.1, A). The dif fer ences in the elu tion pro file
al lowed us to ob tain ho mog e nous prep a ra tions of each
pro tein.

Then, pu ri fied prep a ra tion of P1 and P2 were as sayed
for anti-fun gal ac tiv ity to wards F. oxysporum. As shown in
Fig. 2, P1 pro tein in hib ited col o nies growth by 95% at
25mg/ml in the agar, while P2 pro tein had the same ef fect at 
lower con cen tra tion (10mg/ml). Fur ther anal y sis in di cated
that the in hi bi tion of hyphae elon ga tion to 70% oc curs at 1
mg/ml (P2) and 3 mg/ml (P1). 

Plant defensins have a very di verse amino acid con tent
and low se quence homology, which de ter mines their bi o -
log i cal ac tiv i ties. Based on struc tural and func tional stud -
ies defensins could be clas si fied into four groups [6]. The
rep re sen ta tives of the 1st group in hibit the growth of a wide
range of phytopathogenic fungi, pre vent elon ga tion of
hyphae and am plify their branch ing. There fore, this group
is called morphogenic. The defensins of the 2nd group
(non-morphogenic) in hibit the growth of fungi hyphae,
but do not cause mor pho log i cal changes. Plant defensins of 
the 3rd group are spe cific for their anti-bac te rial ac tiv ity.
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Fig.1 Ion ex change chro ma tog ra phy of
heat-sta ble pro teins from P.sylvestris seed -
lings on phosphocellulose: a – frac tion ation
of pro teins by NaCl lin ear gra di ent (0.1 – 1
M); frac tion vol ume 0.6 ml; di ag o nal line –
NaCl con cen tra tion gra di ent; ad di tional
panel shows the elec tro pho retic mo bil ity of
pro teins eluted from the phosphocellulose by 
NaCl gra di ent; sil ver stained gel); b
–SDS-PAGE den sity gra di ent (5 – 22 %)
anal y sis of pro teins sep a rated by ion ex -
change chro ma tog ra phy (sil ver stained gel):
1– pro teins, eluted by 0.35-0.6 M NaCl; 2 –
pro teins, eluted by 0.65 – 0.8 M NaCl; M -
mo lec u lar weight mark ers).



Defensins from this group in hibit б-amilases and pro teas es
in vi tro,  the syn the sis of pro teins in a cell-free sys tem, but
do not re veal any fungistatic prop er ties. The defensins of
the 4th group which were iso lated from the leaves of
Spinacia oleracea, dif fers sig nif i cantly from oth ers by their

amino acid con tent and combin func tional prop er ties of
the 2nd and the 3rd groups [16].

To clas sify the iso lated P.sylvestris seed lings defensins,
the mi cro scopic in ves ti ga tion of my ce lium F.oxysporum,
grown in the pres ence of P1 and P2 pro teins, was per -
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Fig.2 Con cen tra tion-de pend ent ef fect of P1 and P2 prep a ra tions from Scotch pine seed lings on growth of F.oxysporum my ce lium in po tato-dex trose
agar.

Fig.3 The ef fect of P1(3 mg/ml) and P2(1 mg/ml) prep a ra tions from Scotch pine seed lings on the mor phol ogy of my ce lium patho genic fun gus
F.oxysporum.



formed. It was shown (Fig.3), that both pro teins cause
mor pho log i cal changes of fungi my ce lium, i.e. thick en ing
of hyphae and the in crease of their gemmation. Tak ing this
into ac count, defensin-like pro teins from P1 and P2 frac -
tions ex hibit func tional sim i lar ity to pro teins form
morphogenic group of defensins, such as Rs-AFP2 from
Raphanus sativus [3] and Hs-AFP1 from Heuchera
sanguinea [5].

Pre vi ously, we iso lated sev eral pro teins from the ex -
tracts of P.sylvestris seed lings by phosphotyrosine af fin ity
chro ma tog ra phy (pTyr-Sepharose). The iden tity of pu ri -
fied pro teins was ob tained by mass spec trom e try. One of
the pu ri fied pro teins (10kDa) was found to be highly ho -
mol o gous to defensin SPI1 from Picea abies). There fore, it
was ap pro pri ate to study the re la tion ship be tween P1 and
P2 pro teins pu ri fied by con ven tional ap proaches and a
10kDa pro tein iso lated by af fin ity pu ri fi ca tion on
phosphotyrosine col umn. To do so, we ap plied P1 and P2
frac tions on phosphotyrosine-Sepahrose. As shown in Fig.
4, spe cific in ter ac tion with phosphotyrosine ma trix was
only ob served with P2 pro tein which has mo lec u lar weight
of 9.8kDa.  This anal y sis in di cates that P2 pro tein and pre -
vi ously iso lated and mass spec trom e try iden ti fied 10kDa
pro teins has sim i lar bio chem i cal prop er ties and may rep re -
sent the same pro tein. The mass spec trom e try of P1 and P2
pro teins will con firm this sug ges tion.

The pro teins P1 and P2, iso lated from P.sylvestris
seed lings, have very sim i lar antifungal ac tiv ity, but dif fer -
ent in their bind ing po ten tial to pTyr-Sepharose. It is
known that defensins from Arabidopsis thaliana ge nome
form a multigene fam ily, which in cludes 13 genes. Two
defensins were iso lated from Pythium dimorphum-in -
fected spruce roots, SPI1 and SPI1B (9). Se quence anal y -
sis in di cated that their pri mary pro tein se quences are

highly ho mol o gous (dif fer ence in three amino acid res i -
dues) [9]. It is pos si ble that P1 and P2 pro teins are the
prod ucts of dif fer ent genes, which en code defensine-like
pro teins in pine. We can not ex clude that they be long to
dif fer ent AMP groups. On other hand, P1 pro tein might be
the prod uct of posttranslational mod i fi ca tion of P2. It is
im por tant to note that pu ri fied defensin-like pro teins (mol. 
weight 9.8 and 11.3 kDa) have higher mo lec u lar weight
when com pared with clas si cal plant defensins (5-7kDa).
Al though, in Arabidopsis ge nome, 2 genes were iden ti fied,
cod ing pro teins with 122 and 129 amino acid res i dues with
gamma-thionin do main (typ i cal for plants), and sig nal
pep tides [6]. Fur ther se quence anal y sis of P1 and P2 iso -
lated pro teins would al low us to de fine their place among
plant’s antifungal pro teins.

In con clu sion, we de scribe for the first time the iso la -
tion and par tial func tional char ac ter iza tion of two
defensin-like pro teins from P.sylvestris seed lings. The
anti-fun gal ac tiv ity of these pro teins to wards patho genic
fun gus F.oxysporum opens for us the op por tu nity to de -
velop new ap proaches for in creas ing in nate re sis tance of
co ni fers to in fec tious dis eases.

В. А. Ковалева, И. Т. Гут, Р. Т. Гут

Характеристика дефензинoподобных белков из проростков сосны

обыкновенной

Ðåçþìå

Два дефензинoподобных белка с молекулярными массами 11,3 и 9,8 кДа 
выделены из семидневных проростков сосны (Pinus sуlvestris L.)
методом ионообменной хроматографии на фосфоцеллюлозе. Эти
белки ингибировали рост мицелия фитопатогенного гриба Fusarium
oxysporum в концентрации  1 мкг/мл, а также вызывали
морфологические изменения гифов. 

Ключевые слова: сосна обыкновенная, дефензин, Fusarium
oxysporum.
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