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THE EFFECT OF HEAVY METAL IONS (Pb2* and Cu®*)
" ON THE CHLOROPHYLL FLUORESCENCE IN VivO*

The effect of Cu2* snd Pb2*  on cugiorollo pyrnnotdoen

colle was studied. It was found that ione are gro
ly 0ct1volyz;runoportod into the cells oppooito to Pb2*  ione
and that Cu ione dtzoroonzzo the onnr,y coupling between
PSII and PSI while Pb%* ions do not affect the excitation
energy transfer between PSII and PSI,

Heavy metsls have been defined se those with specific gravity
grester than 4 or 5, located from atomic numbers 22 to 34 and 40
to 52 on the pariodic table, and having » opocific btologtcol re=~
sponse [1].

" The intersction of heavy metal ions with microorganisms is of
‘great concern, Some microslgae cen cumsmulate selectively lerge
amounts of hesvy metals and are seriously considered as neans
for the recovery of useful metals from nature [2]. The appli-
cation of sewage from waste treatment plants, 8 menure, on &=
‘gricultyral lend s -oat often lsnztod by hoavy metsl concentra~
‘tion [3). :

It 18 clear from tho obovo that dopondsng on the problo- the
biocumnusltion of hesvy metals mey be considared as an advanta-
geous or dt‘ldvont.hooun process, Simply, 4t would be nice to
hsve & way by which one could regulate the process of metsl cum-

Thto study was cerried out under Project No M.R.IX.7.1, co=
ordinated by the Department of Plant . Phyoiology in Cracow of the
Polish Academy of Sciences. ‘
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mulation by microorgenisme. To reach this goal still meny of ex-
pariments have to be done. ‘

In this psper the intersction betwsen some common hesvy metsl
ions (cuz’ and sz’) and viable end heat=killed Chlorella pyre-
noidose cells have been investigated, Especial focus hee been
made on the following problems: :

1) the effect of Cu?* snd Pb%* 1ons on the chlorophyll fluo-
rescence in vivo; : ;

1)) the adsorption mechenisms: g

111) the time dependence of the cummulation of cu®* and Pp2*

" dons. ¥ ;

The effect of Cu®*® and Pb2*

! P e — L
on the chlorgggzll fluorescence in vivo

Heavy metsl fons: Cu2* and PbZ*, differ remarcably in their
effects on the chlorophyll (chl) fluorescence in vivo = ses Fig.
1. Fluorescence spectrum of Chlorells cells, with ?bzf added,
reveals two meximas 8t 695 and 735 nm; wheress celle with 092’
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Fig. 1. Absorption (—) and fiuorotconc"(¥--) (arbitrery unjts)
spectra of Chlorellas ouopdntton:dn:th heavy metal ions (=10"% M)
: adaoe v @' ‘L ;

Widms absorpcji (—) ' fiuorooconcja (==-=) (Jodho.tkt ;splqdnog
zswiesiny Chlorells po dodaniu jondw metalu ciqtktogp (104 mol/1
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edded have the spectrum with one pronounecd maximum (8t 695 nm)
and a shoulder (at 735 nm),

It is known from the literature that, imn vivo, chl fluore~
sces, depending on ito location, (Fig. 2) et:

1) 686 nm (chl from antennas);

11) 695 nm (chl from PSII)}

114) 715-735 nm (chl from PSI).

th.‘z. pp2* absorption isoterms for viable (xxx) end boai.kgllgd
(eese) Chlorellas suspensions, Deshed snd continuoue curvee are

plots of Langmuir’s (m = !Egﬁﬁ) and Freundlich’s (m - k- c™)
relations, appropriately. The plotted curves correspond to the
weasured velues of Pb2* cummulation by cells

Izoterme -boorpcja’sz' dla 2ywych (xxx) i martwych po ogrzeniu
(sse) zawiesin Chlorella. Przerywane i ciggle krzyws wytyczone

odpowiednio wg réwnah Langeuira (m = IJ%QEEO 4 Freundlicha (m =

=k - C"), Przedstawione krzywe odpowiadsjs wertoéciom nagroma-
.dzania jonéw Pb przez komérki 4

With these data in mind, the disappesrsnce of the maximum
at 735 nm, 4n a cese pf,cuz’4pr03cnco. may be interprated as en
effect of some damage to-the “energetic link" between PSII and
PSI;“In ® result the excitstion energy transfer from PSII to PSI
becomes less probeble and the meximum that characterizes fluores~
cence of chl from PSI less pronounced. B3t ORL

Both, Cu2® end Pb%* ions, seem to have no effact on the ox=
citetion energy tunneling from the sntghna chlorophyll to PSIT or
PSI, '
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cu?* and Pb2* adsorption mechanisme

Two kinds, Lengmuirs and Froundltch a odnorpttbn isoterss
have been examined in » cese of Pb2' 1ons snd viable end heat-
~killed cells of Chlorells pyrenoidoss, For this purposs both,
Lengmuir’s end Freundlich’s reletions have been transformed
from their original forms to the linesrized formulse, :

It hes been found that the experimentsl points fitted quite
well the Langnmuir’s curve « 1n s case of visble ‘cells, and
the Freundlich’s curve = 4n s caee of hest-killed cells: enly.
The results are prasented in Fig. 2 (unfortunstely, the . curve
for viable celle (---) and the curve for hestekilled cells (—)
cannot be compared in & quantitstive way beacsuse they have been
obteined for two different cell preparstions).

The time dogondonco of the ouuaulottou .

The time dependence of the cul-ulltton'of CMz’ ond'Pba' ions
by viable and heat-killed cnll. of Chlorella pyrenoidosa is pro-
sented in Fig, 3.

In @ case of hest-killed cells the charscter of curves is
similar for both kinds of the investigated metal ions. An ene
other interesting feature thet 1s worth of notice is thet the~-
re 18 no esential difference in cummulation of Pb by viable end
heat~killed cells, i \

Quite different situation is sesn in @ csse ef Cu2® tons,
Heat-killed cells absorb Cu?* tons iemediately (what resembles
the case with sz’)l whereas in @ case of visble cells some time
(of the order of 2 hre) is needed for the resching the saturation
in the cummulation curve. : 4

The presented results sre very similar to thono oboorvod by
Rebotnova ond Pozmogova [4) with Cu®* and
Agz’ ions and suspensios of Cendida utilis,

On the baeis of these data it seems that some metal ions are
absorbed immedistely, and the adsorption does not depend on . the
physico=chamical conditxono (te-poroturo. viebility, end so on)
-  One can pug Pb2* and Ag ions to this group:; whereas other
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Fig. 3. Tiwme dependences of the éu-ulottod of the hesvy metal
tons by visble (--~) snd heat-killed (——) cells of Chlorells
pyrenoidosa

Zaloihoéé”nagroladgoniq Jondéw meteli cigikich od czasu przez iywe
(~=-)1 martwe (——) komérki Chlorelle pyrenoidosa

metals, here cu?* may serve as an example, get into cells via
the “active transport process” (which surely depends on the en-
vironmental conditions and, of course, on the viability),

ggncIUOSOno

' Oh the ground of the obteined results it cen be said that the
interaction of Cu2' and sz” fons with Chlorells pyrenoidosa
cells differ in several respects: : ’ b
- Cut? ione demsge tha "energetic link® between PSII‘pnd PSI,
whersas Pb2* sone sesm to have no sffect on the excitetion energy
transfer from PSII to PSI, i ke

« Cu2* 1ons are most nrobablv provided to cells by the cell”s
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“"active trensport procese”; whereas sz’ cummuletion seem to be
of "pure” physico-chemical nature, ;

From the deta presented in Fig., 2, it seems that in a case
of viable cells the interaction with heavy metal ions is .oas}y
vis, ®o called, “sctive sites® (and hence the Langmuir’s re~
lation must hold), The heat demages these eites end the adsor-
ption process for dead cells fulfills the Freundlich’s mechaniem,
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WRLYW JONOW METALI CIEZKICH (Pb2* I Cu2')
NA FLUORESCENCIE CHLOROFILY IN VIVO

»

Badano wplyw Cu®* & Pb2* na komérki ‘Chlorella pyrenoidoss,
Stwierdzono, 2Ze jony Cu .88 prewdopodobnie tranoporto!ana‘ ok~
tywnie go wnetrze komérek w przeciwiedstwie do jondw Pb** 1 2e
jony Cu?*  dezorganizuje ;grzotcntc energetyczne pomigdzy PSII
i P51, podozas gdy jony Pb nia maje wpiywu na . przenoszenie
energii pobudzenis pomigdzy PSII i PSI,



