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ABSORPTION OF IONS Mn?#*, Zn**, Cu®** AND Pb**BY CELLS OF
CHLORELLA VULGARIS BEIJER,

We investigated the absorption characteristics of'MZr**, Cu#* and PB* by unicellular green algae
Chlorella vulgarisBeijer. The accumulation of metals ions is fluttug. There are 4 stages: the stage
of protective self-isolation of cells as a resulttloe primary stress response, the stage of theeact
accumulation (decrease in resistance and destnuofi@uter membrane), the stage of inhibition of
the accumulation (formation of the secondary cotr@emembrane), and the stage of uncontrolled
accumulation (destruction of secondary concentrieniirane). Kinetic parameters of accumulation
(Km, Vimax Es) show that the process of absorption of ionsMaA*, Cu#* and PB" goes according to
mixed type of inhibition and is determined by th#nity of metal-binding proteins to ions, and afte
saturation of their binding sites the process besouncontrolled.

Key words: absorption, kinetic parameters, ¥Mrzrf*, CU**, P¥*, Chlorella vulgarisBeijer.

Evolution of algae was in progress if in their habienvironment there were the ions of various
metals, included in toxic concentrations. As a ltesliey formed mechanisms of toxin resistance that
support their optimal level in cells. lons of mametals in some concentrations are effective
regulators of metabolism, which is an ecologicaltdain the regulation of their population [2, 10].
Unicellular algae of different taxonomic groups @atumulate microelements in concentrations that
exceed their content in the water thousand timed47. However, excess of a certain level causes
pathological changes of metabolism and their dggth

The primary barrier for penetration of metal iontoithe cells of algae is a cell membrane and
plasmolemma [1]. The intensity of penetration oftahéons is determined by: their concentration in
the environment, the interaction with membranes, affinity of the components of cell membranes
and intracellular components [4, 6]. It is believbdt the penetration of metal ions into the cmlls
realized by diffusion and by using active transgaft Also it is shown [9] that the accumulation of
heavy metals in aquatic organisms is a dynamicga®that develops according to time gradient and
is characterized by a certain intensity and spatyfi

In this research we received the information alkngtic parameters of the penetration of ions
Mn?*, Zr?*,CU** and PB" into the cells ofCh. vulgarisBeijer.

Materials and methods

The object of the research was the unicellular rgnedcroalgaeCh. vulgaris Beijer., which was
grown in the climate chamber with illumination alemperature 20+1°C and lighting 2500 Ix, in glass
flasks (250 drf) in the Fitzgerald mineral medium in modificatiby Zehnder and Gorham [12], that
contained among other cations 0,058 mg/tn** and 0,023 mg/dirzn** but without C&" and PB'".
We added aqueous solutions of MnS@nSQe7H,O, CuSQ<5H,0, Pb(NQ) , at a rate per ion:
Mn* - 0,1; 0,2; 0,5 mg/dfn Zn** - 1,0; 2,0; 5,0 mg/dfn Cu** — 0,001; 0,002; 0,005 mg/dnPlF* -
0,1;0,2; 0,3 mg/dﬁn The duration of the influence of metals on ttgaalwas: 0,083; 0,25; 0,5; 0,75;
1; 3; 6; 12; 24; 48; 72; 168 hours. The controlscelere the cells which were grown in nutrient
medium without the salts of toxic metals.

The penetration of ions into the cells of chlorelas stopped by 2,5 mM EDTA. After
centrifugation of the suspension of algae (2 00@ir)) the sediment was washed with solution of
nutrient medium for cultivation, then it was burriadthe nitrate acid [2]. The content of metals was
determined by atomic absorption spectrophotomeeniSC-115 M. The concentration of proteins in
the cells of chlorella was determined by Lowry’stheal.

The values of Michaelis constai{,) and maximum speed of penetration of metal id)S,
into the cells of algae were calculated by the kgi@mmethod of double return values in the
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Lineweaver — Burk coordinates and energy of adowvafE,) was determined by Arrenius’s graphical
method [13].

Results
As a result of research it was revealed the flustgacharacter of the process of accumulation ef th
investigated metal ions by cells Gh. vulgarisBeijer. in time and depending on the concentration.
The intensity of accumulation of Mhby cells of algae under metal concentrations 8 @5
mg/dn? is reduced during 30 min. (Fig. 1) and under ionaentration of 0,1 mg/di at first it is
increased (to 0,25 h.), and than also is decred@sed.75 h.). Later it is observed an active
accumulation of metal ions (to 24 h.) under actdrall investigated concentrations, what can be
explained by a breach of resistibility of the amkémbrane. After this the process is inhibited @o 4
h.). With increase of duration of the cultivatioh anlorella with Mrf* to 72 and 168 hours it is
observed the restoration of ions accumulation duaictions of 0,1; 0,5 and 0,2 mg/ﬁmspectively,
with further decrease of intensity.

Mn?*, ug/mg of protein
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Fig. 1 The accumulation of Miiby cells ofCh. vulgarisBeijer.

This process is a subject to kinetic laws of Midlsae Menten only during 0,083-0,5 h. and 12-
168 h. (table 1). Thus, the values qgf.Yand K, of the accumulation of Mt are reduced by 22% and
82% respectively (during 0,25 h.), then increase8% and 38% (to 0,5 h.), later) is increased by
11% (from 12 to 24 h.), reduced by 17% (to 48dmy again increased by 30% (to 72 h.) and reduced
by 12% (to 168 h.). Kis decreased by 4% during 12-24 h., increased2by o 72 h.) and reduced
by 25% (to 168 h.). The activation energy of bimdiof Mr* is reduced by 77% (to 0,25 h.),
increased by 36% (to 0,5 h.), reduced by 15% (fiéhto 24 h.), increased by 44% (to 72 h.) and
again reduced by 14% (to 168 h.).
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Table 1
Kinetic parameters of the accumulation of by cells ofCh. vulgarisBeijer.
Kinetic parameters of accumulation of Mrf*

Duration of incubation, h. Max umol/h.*mg of K, E,, *10°

protein kJ/jumol
0,083 34,5 0,100 2,90
0,25 27,0 0,018 0,67
0,5 27,8 0,029 1,05
0,75 - - -
1 — — —
3 — — —
6 — — —
12 54,1 0,055 1,02
24 60,6 0,053 0,87
48 50,0 0,067 1,33
72 71,4 0,111 1,55
168 62,5 0,083 1,33

Footnote: "-" in the table 1, 3, 4 — the proces’ & subject to kinetic laws of Michaelis — Menten

The accumulation of Z by the cells ofCh. vulgarisBeijer. is active (Fig. 2) (under action of
1 mg/dni - to 0,5 h., under action of 2 and 5 mgidfrto 0,75 h.), which can be explained by their
use in the active vital functions of algae; andsithanged by the oppression of the accumulation
process (under action of 1 and 2 mgldmto 3 h., under action of 5 mg/dm to 1 h.). Then
accumulation of metal ions is activated (underaactif 1 and 2 mg/din- to 168 h., under action of 5
mg/dn? — to 72 h.) with the following decrease of theapsion under concentration of 5 mg/im

300

2
[
<

2
<
<=

100

Zn**, ug/mg of protein
3

n
=

o TP B TP S N T BN S R g )
-50&900 NN MR GAEN

Duration ofincubation, h.

$—1,0mg/dm3 =M=2.0mg/din3 =——e=>50mg/din3

Fig. 2 The accumulation of Zfiby cells ofCh. vulgarisBeijer.

The absorption of Zi is characterized by such indicators (table 2);dccumulation of metal
ions is increased by 28%, 60%, 38% and 76% durja8330,5 h., 0,75-1 hours., 3-6 h. and 24-168 h.
respectively, and is decreased by 28%, 75% and 80fft\g 0,5-0,75 h., 1-3 hours and 6-24 h.
respectively, K is decreased by 63%, 50%, 62% and 63% during @083 h., 1-3 hours., 6-24 h.
and 48-168 h. respectively, and increased by 8% and 25% during 0,25-1 h., 3-6 h. and 24-48 h.
respectively. Eof binding of Zi* changes: during the first 0,5 h. it is decreasg@%#6, then (to 3
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h.) increased by 88%, than (to 12 h.) again deecthy 44%, to 24 h. than increased by 10% and
again decreased by 88% to 168 h.

Table 2
Kinetic parameters of the accumulation of Zioy cells ofCh. vulgarisBeijer.
Kinetic parameters of the accumulation of Zif*
Duration of incubation, h. Vax umol/h.*mg of K, E,, *10°
protein kJ/

umol
0,083 2000 5,9 2,6
0,25 2000 2,2 11
0,5 2778 2,5 0,9
0,75 2000 6,7 3,3
1 5000 20,0 4,0
3 1250 10,0 8,0
6 2000 13,3 6,6
12 1250 5,7 4,5
24 1000 5,0 5,0
48 2500 6,7 2,6
72 2941 4,3 15
168 4167 2,5 0,6

An active absorption of Cti(Fig. 3) occurs during 0,75 and 1 h. during chlareultivation
with 0,001 and 0,005 mg/dmespectively. During action of 0,002 mg/linis observed an inhibition
of absorption of the ions (to 0,5 h.), which carelyplained by self-isolation of cells from metakhwi
following activation (to 0,75 h.). Later the intelysof accumulation of metal ions during actiontoé
investigated concentrations is decreased (to 3the)) it is activated (12 h.), inhibited ( to 24, h.
activated for the second time (to 72 h.) and inkibi(up to 168 h). In this case during the actibn o
the investigated concentrations it is observedatteeimulation of metal ions to 0,75 and 1 h. ansgl it
changed to inhibition of absorption of ions to 3 h.
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Fig. 3 The accumulation of Cliby cells ofCh. vulgarisBeijer.

For CU#* (table 3) value of Vs increased by 20% (to 0,75 h.), decreased by 6% h.),
again increased by 42% (to 12 h.) and decreas&3¥y(for 24 h.); values of Kand g are reduced
by 22% and 33%, 92% and 91%, 50% and 33% respéctiveing 0,083-0,5 h., 0,75-1 h., 3-6 h., and
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increased by 50% and 45%, 50% and 67%, 80% andré8pectively during 0,5-0,75 h., 1-3 hours.,
6-24 h. The accumulation of metal ions during 48-16 is not a subject to laws of Michaelis -

Menten.

Table 3
Kinetic parameters of the accumulation of Oy cells ofCh. vulgarisBeijer.
Kinetic parameters of the accumulation of C&"

Duration of incubation, h. Max umol/h.*mg of K, E,, *10°

protein kJ/

umol

0,083 50,0 0,0009 0,018
0,25 53,0 0,0007 0,013
0,5 55,5 0,0007 0,012
0,75 62,5 0,0014 0,022
1 48,78 0,0001 0,002
3 25,0 0,0002 0,006
6 37,0 0,0001 0,004
12 43,5 0,0003 0,006
24 33,3 0,0005 0,015
48 - - -
72 - - -
168 - - -

The accumulation of Pb(Fig. 4) depends on the concentration: during actib0,1 mg/dmit
is observed the decrease of the absorption ofahe of metal (to 0,25 h.), then increase (to 6 h.),
decrease (to 24 h.), again increase (to 72 h.dancease (168 h.), during the action of 0,2 md/dm
initial accumulation ( to 1 h.) is decreased (tb.B then gradually increased (to 168 h.) during th
action of 0,5 mg/drh- the intensity of the absorption of metal ionsléxreased (to 0,25 h.), then
activated (6 h.), inhibited (to 12 h.), activategeanore time (to 48 h.) and inhibited (to 168 h.).
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Fig. 4 The accumulation of Bbby cells ofCh. vulgarisBeijer.

The accumulation of Pbis a subject to laws of Michaelis — Menten onlyidg 0,083 h. and
1-6 h. (table 4).
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Table 4
Kinetic parameters of the accumulation of Ry cells ofCh. vulgarisBeijer.

Kinetic parameters of the accumulation of PB"

Duration of incubation, h. Max umol/h.*mg of K, E,, *10°
protein kJ/
umol
0,083 200 0,50 2,5
0,25 - - _
0,5 - - -
0,75 - - -
1 238 0,22 0,9
3 50 0,50 10,0
6 125 0,67 53
12 - - -
24 - - -
48 - - -
72 - - -
168 - - -

The value of V. of the absorption of Bbis decreased by 79% within 1-3 h. and increased by
60% to 6 h. K, during this time is increased by 67% angdoEbinding of metal ions is increased by
91% within 1-3 h. and decreased by 47% to 6 h.

Discussion

The cells ofCh. vulgarisBeijer. actively accumulate Mhto 24 h. of incubation, ZA- to 0,5 h. (1,0
mg/dn?) and to 0,75 h. (2 and 5 mg/@mC* - to 0,75 pm. (0,001 mg/dinand to 1 h. (0,005
mg/dn?), PE* - to 1 h. (0,2 mg/dfyand to 6 h. (0,1 and 0,5 mg/8rthus controlling the penetration
of ions. Later accumulation is inhibited. The matdkm of accumulation of metal ions is fluctuating
and has 4 stages: the stage of self-isolations@neaction) of cells, stage of the active accutimula
stage of the inhibition, stage of the second acdatom. The stage of the self-isolation is the
response of the cellular organism to the actiostiass factor, in our case the ions of metals. best
isolation function of the cells appears during #ution of Mrif* (0,2 and 0,5 mg/din- to 0,5 h.),
CU?* (0,002 mg/drm- to 0,5 h.), and Bb(0,1 and 0,5 mg/din- to 0,25 h.). Decrease of resistance of
the primary cellular membrane to the investigatedcentrations of metal ions is characterized by the
stage of active accumulation of (0,1 mg/dm - from 0,75 to 24 h., 0,2 and 0,5 mgfdmfrom
0,5t0 24 h.), Zfi (Img/dni - to 0,5 h., 2 and 5 mg/dm to 0,75 h.), Cti (0,001 mg/drh- to 0,75
h.; 0,002 mg/drh- from 0,5 to 0,75 h.; 0,005 mg/dm to 1 h.), PB (0,1 and 0,5 mg/din- from
0,25 to 6 h.; 0,2 mg/din- to 1 h.), which is followed by the destructiditioe primary membrane [6].
Later the cells of chlorella try to control the alygtion of the ions at the stage of secondary ikibiin
The observed fluctuating type of accumulation o& titons corresponds with our previously
established structural and functional reconstrastiof the cellular membrane during the action of
metal ions, which consists in formation of doubd&centric membrane with changes in concentration
and duration of action of metal ions [6, 10]. Aisathe cells ofCh. vulgarisBeijer. during the action
of metal ions there is a thickening of the membsaméich is observed on the first day of the action
of zn** and PB". The stage of the reactivation process of accuioulathat is observed during the
actions of MA* (0,1 and 0,5 mg/din- from 48 to 72 h.; 0,2 mg/dh from 48 h. to 168 h.), Zh(1
and 2 mg/drm- from 3 to 168 h., 5 mg/d from 1 to 72 h.), Cii (0,001; 0,002 and 0,005 mg/dm
— from 24 to 72 h.), Pb (0,1 mg/dm - 24 to 72 h.; 0,2 mg/din- from 3 to 168 h., 0.5 mg/dm
from 12 to 48 h.), is characterized by destructibthe secondary concentric membrane [6].
Restructurings of the membranes during the actibmetal ions are also consistent with
violation of the functioning of the membranous A#@ges [2], particularly Na K* ATP-ase, that
participates in the regulation of ions [11]. Thids?* do not practically impact on the membranous
ATPases, except for high concentrations (5 md/dbecause they have high permeability, mobility in
the cell, and complexing ability [3]. Pbinhibit the activity of ATPase [2], because these a
characterized by high affinity to proteins and stroestraining of this metal within metallothiongin
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[3]. A certain number of Cii can bind with cellular membranes, and other onakenthe complexes
with low-molecular organic substances and proteipdo the saturation of their centers of binding
[8]. The highest affinity to the proteins amongeéstigated ions is Cj and the least — Zh Mn**
supplant C& from cellular membranes [15], and therefore tlagicumulation is limited by duration
of antyport.

The kinetic indicators conform to the regularityaifsorption of metals. The increase ofay
accumulation of Mf" (0,25-0,5; 12-24; 48-72 h.), Zn(0,083-0,5; 0,75-1; 3-6; 24-168 h.), Cu
(0,083-0,75, 12.03 h.), I'E”*b(3-6 h.) shows that metal ions are bound with mdks of the cellular
walls of alga and molecules- carriers of membraaeeprding to the noncompetitive type [13]. The
absorption of ions is also characterized by thealse of value of VM, Mn?* (0,083-0,25; 24-48; 72-
168 h.), ZA" (0,5-0,75; 1-3; 6-24 h.), Gl (0 ,75-3, 12-24 h.), Pb (1-3 h.), that indicate the
competitive inhibition.

The energy of the activation of binding of Mr(0,25-0,5; 24-72 h.), Zf (0,5-3; 12-24 h.),
Cu* (0,5-0,75; 1-3 ; 6-24 h.), Pb(1-3 h). by surface membrane of algae and permirttirough the
membrane show that the process of accumulatioretdlswithin this period is energy-dependent.

The absorption of metal ions goes according to chimechanism and is determined by the
affinity of metal-binding components of membrankEsmation of secondary concentric membrane
and its resistance to metals, the duration oftrisctural and functional activities, and after lagst
and after saturation of the centers of binding etahions by cytoplasmic components — the process
of accumulation becomes passive and uncontrolled.

Conclusions

Thus, accumulation of the ions of MinZr?*, Cu#* and PB" by the cells ofCh. vulgarisBeijer. is
fluctuating and is determined by the concentratérions in the environment and duration of its
action on the cells. There are 4 stages: the sthpeotective self-isolation of cells as a resiltle
primary stress response, the stage of the actmenadation as a result of decrease in resistande an
destruction of outer membrane, the stage of inbibibf the accumulation as a result of formation of
the secondary concentric membrane [6]; the stagemnabntrolled accumulation as a result of
destruction of the secondary concentric membrahe.absorption of M, Zr**, CU* and PB" goes
according to mixed type of inhibition and is detered by the affinity to the ions of the metal-bingi
components of the membranes and the cytoplasm.
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A.l Jlyyis, B.B. I pyb6inxo

TepHoninbCHKMIT HALlIOHABHUI TIeJaroriyHuil yHiBepcuret iM. Bonoaumupa ['HaTioka
HAKOITMYEHHS IOHIB Mn?*, Zr#*, CU#* i P KIITUHAMM CHLORELLA VULGARIBeijer

JocnimkyBanu 0OCOOIMBOCTI IOTITUHAHHS Mn®, zr**, CU#" i PIF" OHOKIITUHHOIO 3€NeHO0
Bogopictio Chlorella vulgaris Beijer. Hakonnuenns ioHiB MetamiB € (uiyKTyamiitHuM. MoskHa
BUAUTUTH 4 OT0 €TaIy: eTan 3aXUCHOI caMoi30JIsILii KIITHH SIK pe3yNbTaT MEePBHHHOI CTpec-peakiii,
eTan aKTHBHOTO HAaKONWYEHHs (3HIKCHHS OMIPHOCTI i pyiHyBaHHS 30BHIIIHBOI MeMOpaHH), eTarl
NPUTHIYCHHS  HaKONW4YeHHs  (YTBOPCHHSM  BTOPUHHOI  KOHLEHTPUYHOI ~MeMOpaHH), erarl
HEKOHTPOJILOBAaHOTO HAKOMWYEHHs (pyiHHYBaHHS BTOPUHHOI KOHIICHTPUYHOI MemOpanm). KineTnyHi
noka3uuku HakormuueHHs (Km, Vmax, Eact.cBigyats npo Te, 1o mpoiiec MOrIMHAHHS 10HIB Mn**,
Zn®*, CU" i P BinbyBaeThcs 3a 3MIIIAHNM THIIOM iHriGyBaHHS Ta BU3HAYAETHCS CIIOPIAHEHICTIO 10
10HIB MeTaN-3B’sA3ylounMx OUIKiB, Ticis HacW4YeHHS 1X calTiB 3B's3yBaHHA NpPOLEC CTa€e
HEKOHTPOJILOBAHUM.

Kuouosi cnosa: Mn?*, Zré*, CU¥* i P’* | nakonuuenns, kinemuxa, Chlorella vulgariBeijer.

A.HU. Jhyyus, B.B. I pybunko

TepHOnoNbCKUN HAIIMOHANBHBIN MeJarorndyeckuil yausepcureT uM. Bragumupa ['naTroka
HAKOIUIEHUE MOHOB Mn*, Zr**, CU* u P¥* KJIETKAMI CHLORELLA VULGARIS Beijer

Uccnenosanu  ocobennoctn Hakorienus Mn?Y, Zr?', CUW' u PIF' opmoknerounoi 3eneHoit
Bogopocibio Chlorella vulgaris Beijer. Hakomnnenne HOHOB METaJUIOB SIBISIETCS (PIYKTYallMOHHBIM.
MOHO BBIACIUTL 4 €ro 3Tambl: 3Tal 3alIUTHONH CaMOHW3OJSIMU KIIETOK KakK pe3ynbTaT MepBHUHON
peakiuu CcTpecca, 3Tal aKTHBHOTO HAKOIUICHHS (CHMXKCHHE COMPOTHUBISIEMOCTH M paspyllcHHe
BHEIITHEH MEeMOpaHBI), 3Tal yMEHbIIIEHHUS HaKoruieHus (00pa30BaHHEM BTOPUYHOW KOHIICHTPUYECKOM
MeMOpaHbI), 3Tall HEKOHTPOJIMPYEMOro HakomieHus (pa3pylicHHE BTOPUYHOU KOHIICHTPUYECCKOM
MeMmOpansl). Kunernueckne nokazatenu HakomieHUs (K, Viax Eact) CBHIACTEIBCTBYIOT O TOM, YTO
MpolecC TOTJOLIECHUS HOHOB Mn*, zr**, C#" u PB* MNPOUCXOAUT TO CMEIIAHHOMY THILY
WHTHOUPOBAHUS U ONPEIICIIACTCS CPOJACTBOM K MOHAM METAILI-CBE3YIONINX OCIKOB, TIOCIE HACBIIICHUS
WX CaliTOB CBS3BIBAHUS MPOIIECC CTAHOBUTCS HEKOHTPOIUPYEMBIM.

Koueswie cnosa: Mn?*, Zrt*, CU¥* u PB**, naxonnenue, kunemuxa, Chlorella vulgarisBeijer.
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