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Lectins of different origin can influence proliferation of human and Chinese humster cells in vitro, this effect may be
compared with the action of cytostatic agent mitomicyn C. We have demonstrated that Sambucus nigra bark lectin controls
genetic stability of mammalian somatic cells (hprt locus), in dose dependent manner reaching the maximum at the
concentration of 20-200мg/ml. Significant increase in gene mutation frequency in the hprt locus, inhibition of cell
proliferation and cytotoxic action were observed in the range of protein concentration from 2 to 2000 мg/ml. Probably, the
influence of plant lectins (which belong to the RIP-protein family) on cell proliferation is not linked to their carbohydrate
specificity but depends on the specific interactions of the lectin chain A with ribosomal proteins of the recipient cell which
provide or hinder lectin associated N-glycosidase activity. Also, we have found that Perca fluviatilis roe lectin affects cell
proliferation in the same way as plant RIP lectins.
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In tro duc tion. Lectins are com mon car bo hy drate-bind ing
pro teins of non-im mu no glob u lin na ture. Bi o log i cal func -
tions of these pro teins are var i ous and de pend on the struc -
tural and func tional fea tures of bio-sys tems, though it is
con sid ered that these func tions are de ter mined mainly by
their abil ity to in ter act with car bo hy drates, i.e. by their sub -
strate spec i fic ity.

Protein-carbohydrate interactions take place in
various biological processes. For example, these
interactions can mediate the transmission of biological
information [1, 2]. Also, exogenous lectins can influence
such processes as adhesion, migration, apoptosis, and

proliferation through the interaction with glycolysed
surface of cell membrane, which contains numerous
receptors. In addition, lectins are shown to affect
spontaneous and induced mutagenesis   in pro- and
eukaryotic systems [4, 7].

Thus, the lectins, due to their nat u ral oc cur rence and
abil ity to in flu ence ba sic ma trix pro cesses, are of great in -
ter est for the re search aimed at their fur ther us age as the
mod u la tors of spon ta ne ous mu ta gen e sis [8].

The ob jec tive of our work was to in ves ti gate the in flu -
ence of lectins, dif fer ent in their or i gin and car bo hy drate
spec i fic ity, on pro lif er a tion and ge netic sta bil ity of mam -
ma lian cells in vi tro.

Ma te ri als and Meth ods.  In our ex per i ments we have
used the plant (Sambucus nigra bark, Lens culinaris seeds)
and an i mal (Persa fluviatilis roe) lectins, re ceived from
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NVK Lectinotest, Lviv. These lectins dif fer not only in or i -
gin but also in mo lec u lar masses, which are 140, 49 and
100kDa re spec tively, and car bo hy drate spec i fic ity. Thus,
the Sambucus nigra lectin is spe cific to D-galactose,
M-acetyl-D-galactosamine and sialic acid res i dues; the
Lens culinaris lectin – to Ь-D-glu cose and Ь -D-mannose. 
Ac cord ing to the mod ern clas si fi ca tion of lectins from
higher plants, both pro teins be long to le gumes superfamily
[9] and to so called ri bo some in ac ti vat ing pro teins
(RIP-pro teins) [10].Also the Persa fluviatilis lectin (NVK
Lectinotest in-house pro ject), is known to be spe cific to Ь

-fucose, but cur rently no data are avail able re gard ing its
clas si fi ca tion and pos si ble ef fect on mam ma lian cells.

All ex per i ments were per formed in vi tro us ing Chi nese
humster cells, line Blld-ii-FAF28C1237, and hu man cells,
line A-102 (kindly pro vided by Dr. McCormick). The cells
of both lines were used to de ter mine the in flu ence of the in -
ves ti gated pro teins on the pro lif er a tion rate by a mi cro-cul -
ture method. The line Blld-ii-FAF28C1237, which is sen -
si tive to the an a logues of pu rine ba sis, was used to de ter -
mine the in flu ence of the pro teins on the spon ta ne ous
mutagenic pro cess. Due to such sen si tiv ity, this test-sys -
tem can be an in valu able tool for the in duc tion of gene mu -
ta tions in the hprt lo cus. The se lec tion of mu tant clones
was per formed for 12-14 days in Ea gle’s me dium add ing
6-mercaptopurine (6MP), at con cen tra tion of 60мg/ml.
The ex per i men tal pro ce dure was de scribed in de tails ear -
lier [11].

The study on in flu ence of all in ves ti gated lectins on cell 
pro lif er a tion was per formed ac cord ing to the fol low ing
scheme: the cells were treated with lectins for 4hours, the
pro tein con cen tra tion was of 0.002, 0.02, 0.2, 2, 20, 200
and 2000мg/ml in Ea gle’s me dium with out se rum. Cells
in cu bated in Ea gle’s me dium with out se rum and any
lectins were used as a neg a tive con trol. The cell di vi sion
was in hib ited by known cytostatic mitomicine C in con -
cen tra tion of 10мg/ml, (pos i tive con trol). Fix a tion, cell
stain ing and anal y sis of the re sults were per formed af ter
43-44 hours of in cu ba tion.

The lectin of S.nigra bark was used only in ex per i -
ments, where the in duc tion of gene mu ta tions in the hprt
lo cus was stud ied. The treat ment with the lectin lasted for 3 
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Fig.1 – The influence of lectins on proliferation of Chinese hamster cells (average results of 3 experiments);  the influence of lectins on proliferation of
human cell A-102 (average results of 3 experiments).

Fig.2 – The de pend ence of in duc tion of re sis tant to 6MP clones on the

S.nigra bark lectin con cen tra tion.



and 4 hours in dif fer ent ex per i ments. As a pos i tive con trol
in these ex per i ments the cells were treated with
N-methyl-N-ni tro-N-nitrosoguanidine (MNNG), in
con cen tra tion of 0.5мg/ml for 1 hour. The mutagenic ef -
fect of this fac tor has been stud ied ear lier [12].

Re sults and Dis cus sions. The in flu ence of lectins on
pro lif er a tion. Our re sults have re vealed that the S.nigra,
L.culinaris and P.fluviatilis lectins in hibit pro lif er a tion of
Chi nese humster cells in the con cen tra tion of
2-2000мg/ml sim i lar to mitomicine C (Fig. 1). The de -
crease in the cells num ber re vealed by microtest may be
caused not only by in hib it ing pro lif er a tion, but also by
cytotoxic ef fect of lectins on the cells. The re sults of these
three ex per i ments are shown in Fig.1. We have found that
the in hi bi tion of cell di vi sion and cytotoxic ac tion of all
lectins tend to weaken (de crease) with the de creas ing of
their con cen tra tion (up to 0.2мg/ml). But at lectins con -
cen tra tion of 0.002мg/ml the in hi bi tion of pro lif er a tion
and/or cytotoxic ef fect are in creased again. More de tailed
study of the pro teins ac tion at low con cen tra tions may
con firm the ex is tence of less ex pressed peak of the in hi bi -
tion ac tiv ity.

Thus, the Chi nese humster cells test has re vealed sig -
nif i cant sim i lar ity among dif fer ent types of lectins in their
bi o log i cal ef fect.

Sim i lar cor re la tion be tween the in hib it ing and
cytotoxic ef fects of lectins from L.culinaris seeds,
P.fluviatilis roe and con cen tra tion of these pro teins was ob -
served in the sys tem of hu man cells A-102 (Fig.2). The
stron gest in hib it ing ef fect of the L.culinaris lectin in this
sys tem ap peared at the con cen tra tions of 20 and
200мg/ml.

Thus, the P.fluviatilis roe lectin re tained a rel a tively
high mitogenic ef fect at the con cen tra tions of 0.2 and
2мg/ml. All lectins did not re veal any bi o log i cal ef fect at
the con cen tra tions of 0.002мg/ml. The Hu man cells re -
sponded to the S.nigra bark lectin only at con cen tra tion of
0.2 and 200мg/ml by in creas ing cell pro lif er a tion (Fig.2).

The Cytotoxicity of lectins is the re sult of typ i cal en zy -
matic ac tiv i ties, well known to day, but for some RIP pro -
teins at high con cen tra tions non-ca non i cal en zy matic
char ac ter is tics (DNAse and RNAse) are de scribed. It is
known that cytotoxicity of the L.culinaris and S.nigra
lectins is the con se quence of the ri bo some deadenylation
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The de pend ence of num ber of clones re sis tant to 6MP on fre quency of the S. nigra lectin con cen tra tion (µg\ml)

Variants Concentration
Selection N,

thousand
Cloning

effectiveness

Resistant clone Frequency,
deducting

control

10-5

Р
Quantity

Frequency,
10-5

1. Con trol
    Lectin

-

0,002

0,02

0,2

2

20

200

300

250

250

250

200

200

300

0,456

0,814

1,0

0,993

0,244

0,247

0,178

26

33

79

59

19

43

30

19,00

16,21

31,50

23,77

38,93

58,03

56,18

-

-2,79

12,50

4,77

19,93

39,03

37,18

-

<0,05

<0,01

<0,05

<0,001

<0,001

<0,001

2. Control

   Lectin

MNNG

-

0,002

0,2

20

2000

0,5

200

200

200

200

200

200

0,916

0,628

0,453

0,820

0,772

0,399

3

23

7

56

42

43

1,67

18,31

7,73

34,15

27,20

53,88

-

16,64

6,06

32,48

25,53

52,21

<0,01

<0,01

<0,01

<0,01

<0,01

<0,01

Com ments:
1. Cell treat ment du ra tion in ex per i ment 1 - 3 hours;
2. Cell treat ment du ra tion in ex per i ment 2 - 4 hours;
3. Mu ta tion ex pres sion in ex per i ment 1-3 days;
4. Mu ta tion ex pres sion in ex per i ment 2-4 days;



(ba sic func tion of RIP pro teins). The fact that the pro teins
with dif fer ent car bo hy drate spec i fic ity af fected equally the
pro lif er a tion of Chi nese humster cells in di cates that the ef -
fect de pends most likely on the level of N-glycosidase ac -
tiv ity of the lectin A-chain intracellular pro cesses. It does
not con tra dict with the con cept that car bo hy drate spec i fic -
ity of lectins is im por tant only on the first stages of pro -
tein-cell in ter ac tion, namely rec og ni tion and bind ing
while the RIP tox ic ity de pends on the spe cific in ter ac tions
of lectin A-chain with ri bo somal pro teins of the re cip i ent
cell [10, 13]. For ex am ple, it is known that ricin highly ac -
tive to wards ri bo somes of yeast and mam mals and not
plants and bac te ria ri bo somes. The ma jor ity of RIP pro -
teins of the first type have wider in ter ac tion spec trum com -
par ing to RIP pro teins of the sec ond type, which man i fest
RNA N-glycosidase ac tiv ity to the an i mal ri bo somes pref -
er a bly. This dif fer ence de pends on ri bo somal pro teins,
which hin der or stim u late bind ing the lectin A-chain to the
sarcine/ricin loop of rRNA, the se quence of which is con -
ser va tive. For ex am ple, pro teins L9 and L10 from rat liver
are spe cific to the ricin A-chain [13]. 

This dif fer ence ex actly seems to ex plain the ab sence of
toxic ef fect of the S.nigra lectin on hu man cells con trary to
its ac tion on Chi nese humster cells.

The in flu ence of lectins on mu ta gen e sis. It is of great in -
ter est to com pare in hib it ing and/or cytotoxic ef fect of
lectin with its pos si ble in flu ence on ge netic sta bil ity in
mam ma lian cells. This study was per formed us ing the in -
duc tion of re ces sive mu ta tions as a model sys tem. The
S.nigra bark lectin was cho sen as a mutagenic agent since it
is well stud ied [4, 7]. It strongly in hib ited the pro lif er a tion
of Chi nese humster cells in the con cen tra tion of
2-2000мg/ml. 

To in duce gene mu ta tions in the hprt lo cus the S.nigra
lectin var ied in the wide range of con cen tra tions (Ta ble 1,
Fig.3). All pro tein con cen tra tions (ex cept 0.002мg/ml in
ex per i ment 1) caused the in crease in num ber of clones re -
sis tant to 6MP. The lectin in duced the clone re sis tance
with the fre quency much higher than in con trol ex per i -
ment, this dif fer ence be ing sta tis ti cally sig nif i cant. Max i -
mum mutagenic ef fect was ob served at the pro tein con cen -
tra tion of 20мg/ml, the fur ther con cen tra tion in crease
does not change the fre quency of mu ta gen e sis, which
reaches the pla teau (Fig.3). Sim i lar data on the lectin from
S.nigra ra ceme have been pub lished ear lier[7]. Prob a bly,
the mutagenic ef fect of the S.nigra lectins does not de pend
on their car bo hy drate spec i fic ity.

The com par i son of in duced mu ta tions fre quen cies
while in ves ti gat ing bi o log i cal and chem i cal fac tors in ex -
per i ment 2 re vealed that the ef fect of the lectin at the con -
cen tra tion of 200мg/ml did not ex ceed the fre quency of the 

mu ta gen e sis in duced by supermutagenic fac tor MNNG at
the con cen tra tion of 0.5мg/ml.

It is likely, that the bi o log i cal ac tion of lectins
(mutagenic ef fect, in hi bi tion of pro lif er a tion and cytotoxic 
ef fect) is not con nected with their car bo hy drate spec i fic ity
but de pends on the level of N-glycosidase ac tiv ity of the
lectin A-chain. As to the RIP pro teins, that in ves ti gated
plant lectins be long to, the dif fer ence in bi o log i cal ac tion
in two dif fer ent model sys tems may be ex plained dif fer ent
spec i fic ity of ri bo somal pro teins of the re cip i ent cell which
de ter mines bind ing of the lectin A-chain with sarcine/ricin 
loop of rRNA. How ever, fur ther in ves ti ga tions are nec es -
sary to prove this as sump tion.

Con clu sion. The lectins of dif fer ent or i gin and sub -
strate spec i fic ity can in flu ence pro lif er a tion of so matic
mam ma lian cells in vi tro, the ef fect is com pa ra ble with the
ac tion of chem i cal muta gens. The in hi bi tion of pro lif er a -
tion and/or cytotoxic ef fect of the lectins are shown at the
con cen tra tions of 2-2000мg/ml. The P.fluviatilis roe lectin
was re vealed to af fect the pro lif er a tion of mam ma lian cells
in vi tro sim i lar to plant RIP pro teins.

We dem on strated the di rect con cen tra tion de pend -
ence of the S.nigra lectin in flu ence on ge nome sta bil ity,
namely sta tis ti cally sig nif i cant in crease in gene mu ta tion
fre quency in the hprt lo cus. At the pro tein con cen tra tion
over 20мg/ml the mutagenic ef fect reaches pla teau.

О. А. Ко ва лен ко, Е. В. Кос тец кая, Л. Л. Лу каш

Вли я ние лек ти нов раз но го про ис хож де ния на му та ци он ный про -

цесс в по пу ля ци ях со ма ти чес ких кле ток мле ко пи та ю щих in vitro

Резюме

Иссле до ван ные лек ти ны раз но го про ис хож де ния спо соб ны вли ять на
про ли фе ра цию со ма ти чес ких кле ток че ло ве ка и ки тай ско го хо мяч ка.
Их эф фек ты со пос та ви мы с де йстви ем ци тос та ти ка ми то ми ци на С. 
Обна ру же на пря мая за ви си мость вли я ния лек ти на коры бу зи ны чер -
ной Sаmbucus nigra на ге не ти чес кую ста биль ность со ма ти чес ких кле -
ток мле ко пи та ю щих от кон цен тра ции бел ка. Ста тис ти чес ки
дос то вер ное по вы ше ние час то ты ген ных му та ций по ло ку су hprt, а
так же ин ги би ро ва ние и/или ци то ток си чес кое де йствие на блю да лись
в ди а па зо не кон цен тра ций бел ков 2-2000 мкг/мл. При кон цен тра ци ях
бел ка 20-200 мкг/мл про яв лял ся эф фект на сы ще ния. Ве ро ят но, вли я -
ние рас ти тель ных лек ти нов, от но ся щих ся к RIP бел кам, на про ли фе -
ра цию куль тур кле ток не свя за но с их угле вод ной спе ци фич нос тью, а
за ви сит от струк тур но-функ ци о наль ных осо бен нос тей сис те мы лек -
тин-клет ка. По лу че ны но вые дан ные о способности лектина икры
окуня Persa fluviatilis изменять пролиферацию клеток млекопитающих 
в сравнении с действием растительных RIP белков.

Клю че вые сло ва: лек ти ны, RIP бе лок, ге не ти чес кая ста биль ность,
ин ги би ро ва ние про ли фе ра ции, ци то ток си чес кое де йствие, клет ки
мле ко пи та ю щих в куль ту ре.
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