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Ex og e nous car bo hy drate bind ing pro teins, namely, three lectins of dif fer ent or i gin and cytokine EMAPII,
have re vealed the abil ity to in duce mu ta tions in hprt lo cus in Chi nese ham ster cells in vi tro.  In the in ves ti ga -
tions of their bi o log i cal ac tion at the wide range of doses (from 0.002 to 2000 µg/ml) di rect de pend ence of
mutagenic ef fect on the con cen tra tion of ex og e nous pro tein in cel lu lar sys tem has been man i fested.  Math e -
mat i cal mod el ling has shown that re sult ing curve con sists of three pro cesses: the first one pro ceeds with sat -
u ra tion, the sec ond one – with lin ear de pend ence on the dose, and the third one is de scribed by non-lin ear
equa tion of the sec ond de gree.  Mutagenic ac tiv ity of lectins is re al ized ac cord ing to the lat ter equa tion and
char ac ter ized by grad ual in creas ing of mu ta tion fre quency with the in crease in the pro tein dose.
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In tro duc tion.  Ex og e nous car bo hy drate bind ing pro -
teins un der in ves ti ga tion are spe cific for var i ous bi o -
log i cal func tions and ca pa ble of in flu enc ing
intramolecular pro cesses, namely, ad he sion, mi gra tion, 
apoptosis, pro lif er a tion, and dif fer en ti a tion.  Their in -
flu ence is re al ized via nu mer ous cell sig nal ling path -
ways [1–3].  One of the least stud ied is sues is the pos si -
ble role of ex og e nous allogenic pro teins in ge netic
pro cesses, i.e. in mutagenic pro cesses and pro cesses of

rep a ra tion of re cip i ent cell DNA.  Ear lier we have
shown the ca pa bil ity of one of Sumbucus nigra lectins
to in duce both pri mary DNA dam ages and
transgenations [4–7].  EMAP II cytokine (en do the lial
and monocyte ac ti vat ing polypeptide II) is
multifunctional me di a tor pro tein, spe cific for both
cytokine- and RNA-bind ing func tions.  EMAP II is ca -
pa ble of ini ti at ing apoptosis, it is also the fac tor of
antiangiogenesis in the de vel op ment of tu mour ves sel
sys tem.  It also per forms sev eral im por tant func tions in
embryogenesis [8, 9].
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The goal of cur rent work was to in ves ti gate the reg -
u lar i ties of ef fect of ex og e nous car bo hy drate bind ing
pro teins, dif fer ent in or i gin and car bo hy drate spec i fic -
ity of lectins and EMAP II cytokine, on spon ta ne ous
mutagenic pro cess in mam ma lian cells in vi tro.

Ma te ri als and Meth ods. Chi nese ham ster cells of
Blld-ii-FAF28Cl237-8Glu–tsIII cell line, sen si tive to
the ef fect of pu rine bases an a logues, in clud ing
6-mercaptopurine (6-MP), were used in all ex per i -
ments.  There fore, test-sys tem ap plied al lows study ing
in duc tion of di rect re ces sive mu ta tions on
hypoxanthine-gua nine phosphoribosyl transferase lo -
cus (hprt).

Com mer cially avail able plant lectin prep a ra tions of 
Sumbucus nigra bark (SNL), Lens culinaris  seeds
(LCL) and those of an i mal or i gin – Persa fluviatilis
spawn (PFL), pro duced by Lectinotest, Ukraine, were
used as bi o log i cal fac tors.  EMAP II cytokine was ex -
pressed in Esch e richia coli cells and pu ri fied to ho mog -
e nous con di tion (not less than 95%) us ing the method
of metal-che lat ing chro ma tog ra phy on Ni-NTA
agarose, ac cord ing to the de scrip tion pre sented in [10]. 
Bi o log i cal ac tiv ity of pro teins was in ves ti gated in the
wide range of con cen tra tions (from 0.002 to 2 000
mg/mol).  The cells were treated with each of the in ves -
ti gated pro teins for 3–4 hours in MEM me dium, free
from bo vine fe tal se rum (BFS).  Alkylating agent
N-methyl-N¢-ni tro-N-ni trosoguanidine (MNNG), con -
cen tra tion of 500 ng/ml, was se lected to be the pos i tive
con trol; the cells were treated for 1 hour in serumless
me dium [15].  The method of the ex per i ments on in duc -
tion of gene mu ta tions on hprt lo cus is pre sented in the
pre vi ous work [14].  Ex pres sion time was 3–4 days de -
pend ing on the ex per i ments.  Se lec tion of mu tants was
per formed with 6-MP ad di tion, 60 mg/ml, to the cul tural 
me dium.  The fre quency of 6-MP-re sis tant clones was
de ter mined tak ing into ac count clon ing ef fi ciency.

To in ves ti gate in her i tance and na ture of 6-MP re sis -
tance, cell clones of in de pend ent or i gin, cul ti vated in
dif fer ent se lec tive me dia, were gath ered us ing ster ile
Clon ing Disks (Scienceware, USA), trans ferred into
the stan dard growth me dium with 10% BFS, and cul ti -
vated for 20–25 pas sages.  Next, clon ing ef fi ciency of
cells of dif fer ent in ves ti gated clones on dif fer ent se lec -
tive me dia, i.e. with 6-MP, 6-thioguanine (6-TG),
8-azaguanine (8-AG), and aminopterine in the con cen -

tra tions of 60, 10, 30, and 0.003 mg/ml, re spec tively,
was ana lysed [16].  The re sults ob tained were com pared 
with data on clon ing ef fi ciency in growth me dium and
ATG me dium (PanEco,Rus sia), which is suit able for
cells with ac tive or par tially ac tive en zyme
hypoxanthine-gua nine-phosphoribosyltransferase
(HGPRT).  The cells with di rect mu ta tions on hprt lo -
cus, re sult ing in HGPRT loss of its ac tiv ity, are not ca -
pa ble of mul ti ply ing on ATG me dium, yet they form
col o nies on other se lec tive me dia.

Sta tis ti cal pro cess ing of data ob tained was per -
formed ac cord ing to Fisher’s cri te rion and math e mat i -
cal mod el ling of mutational pro cess, in duced by bi o -
log i cal fac tors, was con ducted.

Re sults and Dis cus sion. The re sults of two ex per i -
ments on bi o log i cal ac tiv ity of EMAP II cytokine in the 
range of 2–200 000 ng/ml were re vealed to be very sim -
i lar and thus were av er aged.  In all of these ex per i men -
tal con cen tra tions, pro tein caused sta tis ti cally re li able
in crease in the fre quency of 6-MP re sis tance mu ta tions.

The ef fect of pro tein in C con cen tra tion on mu ta -
gen e sis in pop u la tion of Chi nese ham ster cells on the
ex am ple of di rect mu ta tions on hprt lo cus may be pre -
sented as a com mon ef fect of three bi o log i cal pro cesses
with their own mech a nisms:

F F F F Fn
n

= = + +
=
å 1 2 3

1

3

,             (1)

where F – fre quency of mu tants in the ex per i ment,
F1, F2, F3 – fre quen cies of mu tants, ob tained due to the
ef fect of each sep a rate pro cess.

These three pro cesses can be ei ther de pend ent or in -
de pend ent from each other.  The num ber of pro cesses
re viewed is suf fi ciently enough to get a cer tain idea on
the in ter ac tion of cells with pro tein mol e cules, tak ing
into ac count 10% mea sure ment er ror.

The first pro cess F1 may re sult in mutagenic ef fect
with the fre quency sat u ra tion of F01 = 205 at the con -
cen tra tions of C ³ 2 mg/ml:

F F e
1 01

1= × - -( ),g                      (2)

F01 – max i mal pos si ble value of mu ta tion fre quency 
at the given con di tion; g = ln(C) – func tion of pro tein
con cen tra tion; i.e. ac cord ing to this mech a nism
mutagenic ef fect is re vealed in the con cen tra tion {C1,
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C2}, where C1 = 0.002 mg/ml and C2 = 2 mg/ml.  For
C>C2 in crease in con cen tra tion does not in flu ence the
de gree of ef fect.

The sec ond pro cess re sults in mutagenic ef fect with
lin ear de pend ence on g in the whole range of in ves ti -
gated con cen tra tions.  Mi nus (–) in di cates the de crease
of ef fect at the in crease in con cen tra tion.  F02 = 30 in di -
cates ini tial con di tions; f02 = 12 – the value of spon ta ne -
ous mu ta gen e sis:

F F f
2 02 02

= - × +( ).g                   (3)

The third pro cess is de scribed by non-lin ear equa -
tion of the sec ond or der and in our case can be pre -
sented as qua dratic de pend ence with pa ram e ter F03 =
2.5 and spon ta ne ous mu ta gen e sis f03 = 12:

F F f
3 03

2

03
= × +g .                 (4)

F0x val ues, where x = 1, 2, 3, may tes tify in fa vour of 
ini tial char ac ter is tics of the in ves ti gated cells and pro -
teins.  Com par a tive anal y sis of these pa ram e ters with
the sim i lar ones for other ob jects may sup ply new data
on pro tein-cell in ter ac tions.

F mu tant mea sure ment er ror was ac cepted to be
±10% and un change able in all mea sured ranges.

Com bined for mula (1) for all three pro cesses is as
fol lows:

F F F e F C F CC= = × - - × + ×-
exp

ln( ) ln (ln ) .
01 02 03

21    (5)

In Fig ure, a, F1, F2, F3 – in di cate the o ret i cally cal cu -
lated sep a rate de pend ence curves Fn = f(C); F – the re -
sult ing curve.

Ex per i men tal data for cytokine are marked with
spe cial mark ers in Fig ure as well.  Note wor thy, ac cord -
ing to the model ap plied, pro cesses start con trib ut ing to
the com mon mutagenic ef fect at the low est con cen tra -
tions, i.e. from the ini tial val ues of the ex per i ment,
which tes ti fies about in de pend ent ac tiv ity of each of the 
pro cesses at low con cen tra tions.

How ever, neg a tive ef fect in the case of F2 tes ti fies
that there are the same cell tar gets for all three pro -
cesses, which are the con stit u ents of re sult ing man i fes -
ta tion of mutagenic ef fect and ob jects of com pe ti tion
for macromolecules.

Fur ther de vel op ment of these ideas will al low de -
ter min ing mo lec u lar mech a nisms of main bi o log i cal
pro cesses.  In Fig ure, b, the data on lectins of S. nigra,
L. culinaris, and P. fluviatilis are pre sented for com par -
a tive anal y sis with ef fect of cytokine.  The ef fect of
lectins is no ta bly lower than that of cytokine.  F3 may be 
con sid ered the pro cess of re vealed mu ta gen e sis for the
in ves ti gated range of con cen tra tions, hence, the ob tain -
ing of more or less sig nif i cant ef fect re quires higher
con cen tra tions than in the case of cytokine (Ta ble 1).

All three lectins were shown to in crease the fre -
quency of 6-MP re sis tant clones in pop u la tions of Chi -
nese ham ster cells.  Fig. in di cates grad ual in crease in
mutagenic ef fect de pend ing on the con cen tra tion,
while the char ac ter of this de pend ence was sim i lar to
that of the pro cess, de scribed by non-lin ear sec ond-de -
gree equa tion (pro cess 3, ac cord ing to the model).  At
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De pend ence of fre quency of mu ta tions, in duced by EMAP II (a:
the o ret i cal cal cu la tions F

1
–F

3
 – mech a nisms 1–3, F – re sult ing, ex -

per i men tal cytokine C) and by lectins (b: 1 – the o ret i cally cal cu -
lated curve for mech a nism 3; 2 – S. nigra lectins; 3 – L. culinaris
seeds; 4 – P. fluviatilis spawn) in Chi nese ham ster cells, on protein
concentration.



the low est in ves ti gated con cen tra tion of 0.002 mg/ml
the fre quency of in duced mu ta tions did not dif fer
much from that of con trol.  Sta tis ti cally re li able in -
crease in the fre quen cies of mu tants has been noted in
all three lectin cases at higher con cen tra tions.  Mu ta -
gen e sis, in duced by lectins, can be com pared to the
mutagenic ef fect of chem i cal super-mutagen MNNG. 
In duced apoptosis has been ob served at lectin con cen -
tra tions, re sult ing in sta tis ti cally re li able mutagenic
ef fect [17].  Pos si bly there is more than one way of
pro tein in flu enc ing ge netic sta bil ity of mam ma lian
cells in the men tioned model and at cur rent con di tions
[18].  Fur ther de vel op ment of these ideas may al low
re veal ing mo lec u lar mech a nisms of ge netic pro cesses, 
in duced by pro teins.

The re sults ob tained were in good cor re la tion with
rare lit er a ture data on ca pac ity of some growth fac tors
and cytokines to in duce ge netic dam ages in mam ma -
lian cells [19].  We have stud ied the de pend ence of
pro tein mutagenic ef fect on their con cen tra tion and
per formed math e mat i cal mod el ling of mutagenic pro -
cess.

In the course of in ves ti ga tion we have se lected and 
ana lysed 11 6-MP-re sis tant cell clones (Ta ble 2). 
Con trol sam ple of Chi nese ham ster cell clone was
expectedly shown to be sen si tive to all an a logues of
pu rine bases and mul ti plied on se lec tive ATG me dium 
at the same time, which is a com mon be hav iour pat tern 
for cells with ac tive HGPRT en zyme.   The cells of all
in ves ti gated 6-MP-re sis tant clones pre served this fea -

ture af ter long time cul ti va tion in the growth me dium,
i.e. all of them were mu tants.  All ana lysed mu tant
clones were ca pa ble of mul ti ply ing not only in
6-MP-con tain ing me dium but also dem on strated
cross-re sis tance to other pu rine bases an a logues.  All
but MP31 and MP34 did not mul ti ply on ATG and
aminopterine me dia, which dem on strated the ab sence
of en zy matic ac tiv ity of HGPRT (di rect hprt mu ta -
tions).

The be hav iour of MP31 and MP34 was rather ab -
nor mal, i.e. they not only dem on strated cross-re sis -
tance to pu rine base an a logues but also formed the col -
o nies in aminopterine me dium and ATG se lec tive me -
dium.  The au thors sup pose that the rea son is mu ta tion
of re sis tance to aminopterine in the cells of these two
clones.

Thus, all ob tained and ana lysed 6-MP re sis tant
clone cells in her ited this fea ture and re vealed cross re -
sis tance to dif fer ent pu rine base an a logues.  This fact
tes ti fies that re sis tance of clone cells to 6-MP is con di -
tioned by mu ta tion.  In the ma jor ity of mu tant clones
this mu ta tion re sulted in com plete loss of HGPRT en -
zy matic ac tiv ity.  Clar i fy ing the na ture of the afore -
men tioned mu ta tions re quires se quenc ing of com plete 
nu cle o tide se quence of hprt en cod ing part.

There fore, the de pend ence of mutagenic ef fect on
the con cen tra tion at EMAPII cytokine in flu ence is of a 
more com pli cated char ac ter, com pared to lectins.  Bi -
o log i cal ef fect of the lat ter is char ac ter ised by grad ual
in crease in the fre quency of mu tants de pend ing on in -
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Ñ, ng/ml lnC Fexp

Modeled processes

F1 F2 F3
F Fn

n

=
=
å

1

3

0 0,00 0,00 00,0 00,0 0,0 00,0

2 0,30 52,8 52,0 9,0 0,0 43,0

20 1,30 107,6 145,5 39,0 0,8 107,4

  200 2,30 100,8 180,0 69,0 2,6 113,6

   2000 3,30 87,9 192,6 99,0 5,4 99,0

     20000 3,30 92,5 197,3 129,0 9,2 77,5

       200000 5,30 50,9 199,0 159,0 14,1 54,0

Ta ble 1
 Value of ex per i men tal and the o ret i cal data on fre quency of mu tants, in duced by ÅÌÀÐII cytokine 



crease in dose.  This de pend ence is de scribed by
non-lin ear equa tion of the sec ond de gree.  Mutagenic
ac tiv ity of lectins is cor re lated with their ca pa bil ity to
in duce apoptosis in Chi nese ham ster cells.
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Prof. A. Kornelyuk for EMAP II cytokine prep a ra -
tions and for the help in dis cuss ing and pre par ing the
ar ti cle.

Î. À. Êî âà ëåí êî, Ë. Ë. Ëó êàø, Ñ. È. Ëó êàø

Èíäóê öèÿ ãåí íûõ ìó òà öèé ëåê òè íà ìè ðàç íî ãî ïðî èñ õîæ äå íèÿ

è öè òî êè íîì EMAP II â ñî ìà òè ÷åñ êèõ êëåò êàõ ìëå êî ïè òà þ ùèõ

in vitro

Ðå çþ ìå 

Ýêçî ãåí íûå óãëå âîä ñâÿ çû âà þ ùèå áåë êè – òðè ëåê òè íà ðàç íî ãî
ïðî èñ õîæ äå íèÿ è öè òî êèí EMAP II ïðî ÿâ ëÿ þò ñïî ñîá íîñòü
èí äó öè ðî âàòü ìó òà öèè ïî ëî êó ñó hprt â êëåò êàõ êè òàé ñêî ãî õî -
ìÿ÷ êà in vitro. Ïðè èñ ñëå äî âà íèè èõ áè î ëî ãè ÷åñ êî ãî äå éñòâèÿ â
øè ðî êîì äè à ïà çî íå äîç (îò 0,002 äî 2000 ìêã/ìë) âû ÿâ ëå íà ïðÿ -
ìàÿ çà âè ñè ìîñòü ìó òà ãåí íî ãî ýô ôåê òà îò êîí öåí òðà öèè ÷ó -
æå ðîä íî ãî áåë êà â êëå òî÷ íîé ñèñ òå ìå. Êàê ïî êà çà ëî
ìà òå ìà òè ÷åñ êîå ìî äå ëè ðî âà íèå, ðå çóëü òè ðó þ ùàÿ êðè âàÿ çà -
âè ñè ìîñ òè ÷àñ òî òû ìó òàí òîâ îò êîí öåí òðà öèè äëÿ EMAP II
ÿâ ëÿ åò ñÿ ñî ñòàâ ëÿ þ ùåé òðåõ ïðî öåñ ñîâ: ïåð âûé ïðî òå êà åò ç
íà ñû ùå íè åì, âòî ðîé – ñ ëè íåé íîé çà âè ñè ìîñ òüþ îò äîçû, à

òðå òèé îïè ñû âà åò ñÿ íå ëè íåé íûì óðàâ íå íè åì âòî ðîé
ñòå ïå íè. Ìó òà ãåí íàÿ àê òèâ íîñòü ëåê òè íîâ ðå à ëè çó åò ñÿ ïî
ïî ñëåä íå ìó óðàâ íå íèþ è õà ðàê òå ðè çó åò ñÿ ïî ñòå ïåí íûì ïî âû -
øå íè åì ÷àñ òî òû ìó òàí òîâ ñ óâå ëè ÷å íè åì äîçû áåë êà.   

Êëþ ÷å âûå ñëî âà: êëåò êè ìëå êî ïè òà þ ùèõ, öè òî êèí, ëåê òèí, 
ðå çèñ òåí òíîñòü ê 6-ìåðêàïòîïóðèíó, ìó òà öèè,  ëî êóñ hprt,
àïîï òîç, ìà òå ìà òè ÷åñ êîå ìî äå ëè ðî âà íèå.

REFERENCES

1. Loris R. Principles of structures of animal and plant lectins //
Biochim. et Biophys. Acta.–2002.–1772.–Ð. 198–208.

2. Lis H., Sharon N. Lectins: carbohódrate specific proteins that
mediate cellular recognition // Chem. Rev.–1998.–98.–
P. 637–674.

3.Boettner D. R., Huston C., Petri W. A., Jr.
Galactose/N-acetylgalactosamine lectin: the coordinator of
host cell killing // J. Biosci.–2002.–27.–Ð. 553–557.

4. Ëó êàø Ë. Ë., Êàð ïî âà È. Ñ., Ìè ðîø íè ÷åí êî Î. Ñ., Òè õî íî -
âà Ò. Í., Ëûëî Â. Â., Ìàíü êî Â. Ã.,  Ñó õî ðà äà Å. Ì., Ãî ëûí -
ñêàÿ Å. Ë. Âëè ÿ íèå ëåê òè íà ñî öâå òèé Sambucus nigra íà
ñïîí òàí íûé è èí äó öè ðî âàí íûé àë êè ëè ðó þ ùèì àãåí òîì
ìó òà ãå íåç â ñî ìà òè ÷åñ êèõ êëåò êàõ ìëå êî ïè òà þ ùèõ // Öè -
òî ëî ãèÿ è ãå íå òè êà.–1997.–31,  ¹ 5.–Ñ. 52–60.

5. Ìà öå âè÷ Ë. Ë., Êî âà ëåí êî Î. À., Ñó õî ðà äà Î. Ì., Ëó êàø Ë. 
Ë. Äîñë³äæåí íÿ âïëè âó á³ëê³â íà ãå íå òè÷ íó ì³íëèâ³ñòü
êë³òèí íèõ ïî ïó ëÿö³é in vitro // Ôàê òî ðè åê ñïå ðè ìåí òàëü -
íî¿ åâî ëþö³¿ îðãàí³çì³â (Çá. íàóê. ïðàöü çà ðåä. àêàä.
Ì. Â. Ðî¿ êà).–Êè¿â: Àãðàðíà íà óêà, 2003.–Ñ. 91–97.

414

IN DUC TION OF GENE MU TA TIONS BY LECTINS OF DIF FER ENT OR I GIN

Clone No.
Agent,

concentration,
mg/ml

Cloning efficiency of control and selective media, %
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6-TG,
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8-AG

30 mg/ml
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ATG
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MP41 EMAPII 47,40 54,30 49,65 52,80 0,00 0,00

MP42 EMAPII 66,10 51,20 53,21 57,00 0,01 0,06

MP44 EMAPII 51,60 41,60 52,30 56,20
Data is 
absent

Data is
absent

MP36 MNNG, 0.5 47,35 42,15 47,80 44,55 0,00 0,00

Output cell
line

– 68,32 0,00 0,00 0,00 0,00 57,14

Ta ble 2
Clon ing ef fi ciency anal y sis of con trol and 6-MP re sis tant clone cells of Chi nese ham ster in growth and se lec tive me dia
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