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Exogenous carbohydrate binding proteins, namely, three lectins of different origin and cytokine EMAPII,
have revealed the ability to induce mutations in hprt locus in Chinese hamster cells in vitro. In the investiga-
tions of their biological action at the wide range of doses (from 0.002 to 2000 ug/ml) direct dependence of
mutagenic effect on the concentration of exogenous protein in cellular system has been manifested. Mathe-
matical modelling has shown that resulting curve consists of three processes. the first one proceeds with sat-
uration, the second one — with linear dependence on the dose, and the third one is described by non-linear
equation of the second degree. Mutagenic activity of lectins is realized according to the latter equation and
characterized by gradual increasing of mutation frequency with the increase in the protein dose.
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Introduction. Exogenous carbohydrate binding pro-
teins under investigation are specific for various bio-
logical functions and capable of influencing
intramolecular processes, namely, adhesion, migration,
apoptosis, proliferation, and differentiation. Their in-
fluence is realized via numerous cell signalling path-
ways [1-3]. One of the least studied issues is the possi-
ble role of exogenous allogenic proteins in genetic
processes, i.e. in mutagenic processes and processes of
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reparation of recipient cell DNA. Earlier we have
shown the capability of one of Sumbucus nigra lectins
to induce both primary DNA damages and
transgenations [4-7]. EMAP II cytokine (endothelial
and monocyte activating polypeptide II) is
multifunctional mediator protein, specific for both
cytokine- and RNA-binding functions. EMAP Il is ca-
pable of initiating apoptosis, it is also the factor of
antiangiogenesis in the development of tumour vessel
system. It also performs several important functions in
embryogenesis [8, 9].



THAVKIIA TEHHUX MY TALIA JIEKTUHAMU PI3HOTO ITOXO/KEHHS

The goal of current work was to investigate the reg-
ularities of effect of exogenous carbohydrate binding
proteins, different in origin and carbohydrate specific-
ity of lectins and EMAP II cytokine, on spontaneous
mutagenic process in mammalian cells in vitro.

Materials and Methods. Chinese hamster cells of
Blld-1i-FAF28CI1237-8GlutsIII cell line, sensitive to
the effect of purine bases analogues, including
6-mercaptopurine (6-MP), were used in all experi-
ments. Therefore, test-system applied allows studying
induction of direct recessive mutations on
hypoxanthine-guanine phosphoribosyl transferase lo-
cus (hprt).

Commercially available plant lectin preparations of
Sumbucus nigra bark (SNL), Lens culinaris seeds
(LCL) and those of animal origin — Persa fluviatilis
spawn (PFL), produced by Lectinotest, Ukraine, were
used as biological factors. EMAP II cytokine was ex-
pressed in Escherichia coli cells and purified to homog-
enous condition (not less than 95%) using the method
of metal-chelating chromatography on Ni-NTA
agarose, according to the description presented in [10].
Biological activity of proteins was investigated in the
wide range of concentrations (from 0.002 to 2 000
pg/mol). The cells were treated with each of the inves-
tigated proteins for 3—4 hours in MEM medium, free
from bovine fetal serum (BFS). Alkylating agent
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), con-
centration of 500 ng/ml, was selected to be the positive
control; the cells were treated for 1 hour in serumless
medium [15]. The method of the experiments on induc-
tion of gene mutations on /prt locus is presented in the
previous work [14]. Expression time was 3—4 days de-
pending on the experiments. Selection of mutants was
performed with 6-MP addition, 60 pg/ml, to the cultural
medium. The frequency of 6-MP-resistant clones was
determined taking into account cloning efficiency.

To investigate inheritance and nature of 6-MP resis-
tance, cell clones of independent origin, cultivated in
different selective media, were gathered using sterile
Cloning Disks (Scienceware, USA), transferred into
the standard growth medium with 10% BFS, and culti-
vated for 20-25 passages. Next, cloning efficiency of
cells of different investigated clones on different selec-
tive media, i.e. with 6-MP, 6-thioguanine (6-TG),
8-azaguanine (8-AG), and aminopterine in the concen-

trations of 60, 10, 30, and 0.003 pg/ml, respectively,
was analysed [16]. The results obtained were compared
with data on cloning efficiency in growth medium and
ATG medium (PanEco,Russia), which is suitable for
cells with active or partially active enzyme
hypoxanthine-guanine-phosphoribosyltransferase
(HGPRT). The cells with direct mutations on Aprt lo-
cus, resulting in HGPRT loss of its activity, are not ca-
pable of multiplying on ATG medium, yet they form
colonies on other selective media.

Statistical processing of data obtained was per-
formed according to Fisher’s criterion and mathemati-
cal modelling of mutational process, induced by bio-
logical factors, was conducted.

Results and Discussion. The results of two experi-
ments on biological activity of EMAP II cytokine in the
range of 2-200 000 ng/ml were revealed to be very sim-
ilar and thus were averaged. In all of these experimen-
tal concentrations, protein caused statistically reliable
increase in the frequency of 6-MP resistance mutations.

The effect of protein in C concentration on muta-
genesis in population of Chinese hamster cells on the
example of direct mutations on /prt locus may be pre-
sented as a common effect of three biological processes
with their own mechanisms:

3
F:Z F, =F, +F,+F,, (D)
n=1

where F — frequency of mutants in the experiment,
F,, F, F,—frequencies of mutants, obtained due to the
effect of each separate process.

These three processes can be either dependent or in-
dependent from each other. The number of processes
reviewed is sufficiently enough to get a certain idea on
the interaction of cells with protein molecules, taking
into account 10% measurement error.

The first process F, may result in mutagenic effect
with the frequency saturation of £, = 205 at the con-
centrations of C > 2 pg/ml:

Fi=F,-(1-e™), (2)
F,, —maximal possible value of mutation frequency
at the given condition; y = /n(C) — function of protein

concentration; i.e. according to this mechanism
mutagenic effect is revealed in the concentration {C,,
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C,}, where C, = 0.002 pg/ml and C, = 2 pg/ml. For
C>C, increase in concentration does not influence the
degree of effect.

The second process results in mutagenic effect with
linear dependence on vy in the whole range of investi-
gated concentrations. Minus (—) indicates the decrease
of effect at the increase in concentration. £, =30 indi-
cates initial conditions; f;, = 12 — the value of spontane-
ous mutagenesis:

Fy=—(Fpp 1+ ). 3)

The third process is described by non-linear equa-
tion of the second order and in our case can be pre-
sented as quadratic dependence with parameter F, =
2.5 and spontaneous mutagenesis f,, = 12:

Fy=Fy Y’ +f s (4)

F, values, where x =1, 2, 3, may testify in favour of
initial characteristics of the investigated cells and pro-
teins. Comparative analysis of these parameters with
the similar ones for other objects may supply new data
on protein-cell interactions.

F mutant measurement error was accepted to be
+10% and unchangeable in all measured ranges.

Combined formula (1) for all three processes is as
follows:

F=F,, =F, -(1-e "“)=F, - InC+F, -(InC)*. (5)

In Figure, a, F, F,, F;, — indicate theoretically calcu-
lated separate dependence curves F, = f(C); I — the re-
sulting curve.

Experimental data for cytokine are marked with
special markers in Figure as well. Noteworthy, accord-
ing to the model applied, processes start contributing to
the common mutagenic effect at the lowest concentra-
tions, i.e. from the initial values of the experiment,
which testifies about independent activity of each of the
processes at low concentrations.

However, negative effect in the case of F, testifies
that there are the same cell targets for all three pro-
cesses, which are the constituents of resulting manifes-
tation of mutagenic effect and objects of competition
for macromolecules.
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Dependence of frequency of mutations, induced by EMAP 1I (a:
theoretical calculations F,—F, — mechanisms 1-3, F' — resulting, ex-
perimental cytokine C) and by lectins (b: 1 — theoretically calcu-
lated curve for mechanism 3; 2 — S. nigra lectins; 3 — L. culinaris
seeds; 4 — P. fluviatilis spawn) in Chinese hamster cells, on protein
concentration.

Further development of these ideas will allow de-
termining molecular mechanisms of main biological
processes. In Figure, b, the data on lectins of S. nigra,
L. culinaris, and P. fluviatilis are presented for compar-
ative analysis with effect of cytokine. The effect of
lectins is notably lower than that of cytokine. F, may be
considered the process of revealed mutagenesis for the
investigated range of concentrations, hence, the obtain-
ing of more or less significant effect requires higher
concentrations than in the case of cytokine (Table 1).

All three lectins were shown to increase the fre-
quency of 6-MP resistant clones in populations of Chi-
nese hamster cells. Fig. indicates gradual increase in
mutagenic effect depending on the concentration,
while the character of this dependence was similar to
that of the process, described by non-linear second-de-
gree equation (process 3, according to the model). At
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Table 1

Value of experimental and theoretical data on frequency of mutants, induced by EMAPII cytokine

Modeled processes

C, ng/ml InC Fexp . . o Z v

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 1455 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 1973 129,0 9,2 77,5
200000 5,30 50,9 199,0 159,0 14,1 54,0

the lowest investigated concentration of 0.002 pg/ml
the frequency of induced mutations did not differ
much from that of control. Statistically reliable in-
crease in the frequencies of mutants has been noted in
all three lectin cases at higher concentrations. Muta-
genesis, induced by lectins, can be compared to the
mutagenic effect of chemical super-mutagen MNNG.
Induced apoptosis has been observed at lectin concen-
trations, resulting in statistically reliable mutagenic
effect [17]. Possibly there is more than one way of
protein influencing genetic stability of mammalian
cells in the mentioned model and at current conditions
[18]. Further development of these ideas may allow
revealing molecular mechanisms of genetic processes,
induced by proteins.

The results obtained were in good correlation with
rare literature data on capacity of some growth factors
and cytokines to induce genetic damages in mamma-
lian cells [19]. We have studied the dependence of
protein mutagenic effect on their concentration and
performed mathematical modelling of mutagenic pro-
cess.

In the course of investigation we have selected and
analysed 11 6-MP-resistant cell clones (Table 2).
Control sample of Chinese hamster cell clone was
expectedly shown to be sensitive to all analogues of
purine bases and multiplied on selective ATG medium
at the same time, which is a common behaviour pattern
for cells with active HGPRT enzyme. The cells of all
investigated 6-MP-resistant clones preserved this fea-
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ture after long time cultivation in the growth medium,
i.e. all of them were mutants. All analysed mutant
clones were capable of multiplying not only in
6-MP-containing medium but also demonstrated
cross-resistance to other purine bases analogues. All
but MP31 and MP34 did not multiply on ATG and
aminopterine media, which demonstrated the absence
of enzymatic activity of HGPRT (direct Aprt muta-
tions).

The behaviour of MP31 and MP34 was rather ab-
normal, i.e. they not only demonstrated cross-resis-
tance to purine base analogues but also formed the col-
onies in aminopterine medium and ATG selective me-
dium. The authors suppose that the reason is mutation
of resistance to aminopterine in the cells of these two
clones.

Thus, all obtained and analysed 6-MP resistant
clone cells inherited this feature and revealed cross re-
sistance to different purine base analogues. This fact
testifies that resistance of clone cells to 6-MP is condi-
tioned by mutation. In the majority of mutant clones
this mutation resulted in complete loss of HGPRT en-
zymatic activity. Clarifying the nature of the afore-
mentioned mutations requires sequencing of complete
nucleotide sequence of Aprt encoding part.

Therefore, the dependence of mutagenic effect on
the concentration at EMAPII cytokine influence is of a
more complicated character, compared to lectins. Bi-
ological effect of the latter is characterised by gradual
increase in the frequency of mutants depending on in-
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Table 2

Cloning efficiency analysis of control and 6-MP resistant clone cells of Chinese hamster in growth and selective media

Agent, Cloning efficiency of control and selective media, %
Clone No. concentration, A 6-MP. 6-1G. SAG Aminopterine
ug/ml Growth medium 60 pg/ml 10 pg/ml 30 pg/ml 0.003 pg/ml ATG
MP30 - 66,00 63,45 65,40 75,00 0,00 00,0
MP37 - 39,50 34,15 42,35 28,65 0,00 00,0
MP31 LCL, 20 30,80 33,45 23,65 30,80 1,60 1,40
MP32 LCL, 20 44,50 38,52 31,25 43,45 0,00 0,00
MP34 SNL, 0.2 63,50 60,02 68,50 65,80 0,15 0,80
MP39 PFL, 200 62,01 58,32 60,53 59,20 0,00 0,00
MP40 PFL, 20 65,60 63,00 53,70 70,40 0,00 0,00
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 2?,213 E];‘;Zrif
MP36 MNNG, 0.5 47,35 42,15 47,80 44,55 0,00 0,00
O“tf.“t cell - 68,32 0,00 0,00 0,00 0,00 57,14
me
crease in dose. mpemuil  ONUCLIGACMCA  HEIUHEUHbIM — VYDABHEHUEM  6MOpPOll

This dependence is described by
non-linear equation of the second degree. Mutagenic
activity of lectins is correlated with their capability to
induce apoptosis in Chinese hamster cells.
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WHAYKIUs TeHHBIX MYTalWi JTEKTHHAMH Pa3HOTO MPOUCXO0XKACHUS
u uTokuHoM EMAP 11 B coMaTHYeCKUX KIIETKAX MIEKOMMUTAIOIAX

in vitro
Pesrome

DK3zoeennvie yenesodcsasvigarowue Oeiku — mpu 1eKmuna pazno2o
npoucxoacoenus u yumoxkurn EMAP II nposensitom cnocobnocme
UHOYYUPOBAMb MYMAYUU NO JIOKYCY hprt 8 KiemKkax KUumaicko2o xo-
msuka in vitro. Ilpu uccnedosanuu ux 6uoi02utecko2o 0eucmeus 6
wupoxom ouanazone 003 (om 0,002 0o 2000 mxe/mn) gvisisnena nps-
Mas 3a8UCUMOCTIb MYMA2EHH020 I pexma om KOHyeHmpayuu uy-
Jlcepoonozo  beaka 6 kaemounou cucmeme. Kax nokazano
Mamemamuyeckoe MoOeauposanue, pe3yibmupyiowas Kpueds 3a-
BUCUMOCIU YACMOMbL MYMAHmMo8 om Konyenmpayuu oas EMAP 11
ABNACMCA COCMABNAIOW el mpex npoyeccos. nepeulil npomexaem 3
Hacvluyjenuem, 6mopol — ¢ IUHEUHOU 3A8UCUMOCIbIO OM 003bl, d

cmenenu. Mymazennasa axmuéHOCMb JEKMUHOE Peanu3yemcs no
nocieonemy ypasHeHuio U XapaKxmepuszyemcs nocmeneHnbim nogul-
weHuem 4acmomsl Mymanmog ¢ ygeauueHuem 003ul 0exa.

Knrouesvie cnosa: knemxu maexonumarowjux, YyumoKuH, 1eKmuH,
pe3ucmeHmuocmes K 6-MepKanmonypumy, mymayuu, Jaoxkyc hprt,
anonmo3s, Mmamemamuieckoe MoOeiuposanie.
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