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THE EFFECT OF HEAVY METAL IONS ( Pb2* and Cu2*)
ON THE CHLOROPHYLL FLUORESCENCE IN VIVO*

Tha effect of Cu2+ and Pb2> on Chlorelle pyrenoidoaa 
call* ««a* studied. Zt was found that Cu^ Ions ars probob* 
ly actively,transported Into the cells opposite to Pb2+ Iona 
and that Cu Ions disorganize ths energy coupling between 
PSZX and PSZ while Pb‘+ Ions do not affect the sxcltstlon 
energy transfer bstwsen PSZZ and PSI.

Heavy aetals have been defined as those with specific grsvlty 

greeter than 4 or 5, located fro» atoalc nuabera 22 to 34 and 40 

to 52 on the periodic table, and having a specific biological re- 

•ponae [1],
The interaction of heavy »»tel ions with »lcroorganiaas is of 

great concern, Sobs alcroolgae can cuenulate selectively large 
aaounta of heavy aetals and are eerloualy considered as means 

for the recovery of useful aetals fro» nature [2]. The appll- 

cation of sewage froa weate treateent plants, ss aanure, on a- 

grlcuitural land la aoet often Halted by heevy metel concentra-

tion [3].
It la clear froa the above that depending on the problen the 

biocuaeualtlon of heavy aetals aay be considered aa an advanta-

geous or disadvantage©« proceed. Sleply, it would be nice to 

have a way by which one could regulate the process of aetal cua-

Thia atudy was carried out under Project No M.R.II.7.1. co-
ordinated by ths Ospertaent of Plant Phyaiology in Cracow of the 
Polish Acadeay of Sciences.



aulation by alcroorgenlsaa. To rtach thl* goal still aany of ex- 

perlaents hava to ba dona.

In thla papar the Interaction between aona coaaon haavy aatal 

Iona (Cu2+ and Pb2*) and vlabla and he*t»klll*d Chloralla pyra- 

noldoaa calls hava baan Investigated, Eapaclal foeua ha* baan 

aade on th* following problems>

I) th* *ff*ct of Cu2* and Pb2* Iona on tha chlorophyll fluo- 
re*c*nca In vivo;

II) tha adaorptlon aechenleae:

III) th* tla* dependence of tha cuaaulatlon of Cu2* and Pb24’ 

ion*.

Th* *ff*ct of Cu2* and Pb2* 

on tha chlorophyll fluoraacanca In vivo

Haavy aatal lonai Cu2* and Pb2>, dlffar raaarcably in their 

affacta on tha chlorophyll (chi) fluoraacanca in vivo - aaa Fig.

1. Fluoraacanca apactrua of Chloralla call*, with Pb24 added, 

reveal* two aaxlaat at 695 and 735 nat where** call* with Cu

Flg. 1. Absorption (---) and fluorescence (---) (arbltrary unita)
spectra of Chlorella *u*p«n*ion* wlth heavy a*tal lona (-10"' H)

addad

Wide* absorpcji (---) i fluorascencjl (--- ) (j*dnostkl względne)
zawiesiny Chlorell* po dod*niu jonów a*talu ciężkiego (lO-4 aol/1)



added have the apectrua with one pronounced maxirum (et 695 na) 

and a shoulder (et 735 na*).

Xt is knoan froa the literature that, in vivo, ehl fluore- 

eces, depending on ito location, (Pig. 2) ett
i) 686 na (chi froa antenna))

ii) 695 na (chi froa PSII)|

iii) 715-735 na (chi froa PSI).

Pig. 2. Pb2* absorption lsoteras for vlabls (xxx) end heat-killed 
(...) Chlorella suspensions. Oeshed end continuous curvas era

plots of Uingaulr's (a ■ Freundlich's (a • k • Cn)
relations, appropriately. The plotted curvea correspond to the

eeeeured veluee of Pb2+ cuaaulation by cella

Xzotaraa absorpcji Pb2* dla iywych (xxx) i aartwych po ogrzaniu 
(...) zaalesln Chlorella. Przerywane 1 ci*głe krzywe wytyczone

odpowiednio wg równeó Lengeulre (a » ) 1 Freundlicha (m »

■ k * Cn). Przedstewlone krzywe odpowiadaj* wartościom nagroma-
dzania jonów Pb przez koaórkl

With these date in alnd, the dlaappaarance of the maximum 

at 735 na, in a case of Cu2+ presence, eay be Interpreted as an 
effect of soma damage to the “energetic link" between PSII and 

PSX. In e result the excitation energy trensfer from PSII to PSI 

becomes leas probeble and the aaxiaua that characterizes fluores-

cence of chi froa PSX lese pronounced.
Both, Cu2* end Pb2* lone, seaa to have no effect on the ex-

citation energy tunneling froa the antenna chlorophyll to PSII or 

PSI.



9a
Cu and Pb adsorption aachenlsao

Two kinds, Langaulr'e and Freundllch'e adsorption laotaraa
2+have baan examined In a caaa of Pb Iona and vlabla and heat» 

•killed calls of Chloralla pyranoldoaa. For thla purpose both, 

Langaulr'a and Freundllch'e relatione have baan tranefora*d 

fro* their original foraa to the linearized foraulM*

It haa been found that the exparlaantal pointa fitted quit* 
well the Langaulr'a curve - in a caae of viable celle, and 

the Freundllch'e curve - in a caaa of heat-kllled eallat only. 

The results are praaented In Fig. 2 (unfortunately, tha curve

for vlabla celle (---) and tha curve for heat-kllled celle (---)

cannot be coaparad In a quantitative way bocauee they have baan 

obtained for two different cell preparatlona).

The tiae dependence of the euaauletlon
“ ------- ‘ oTcI?'*™ an<T* Pb ̂ ----- -----

The tlaa dependence of the cuaaulatlon of Cu and Pb lone 

by viable and h*et-killed cell* of Chloreila pyranoldoaa 1* pre-

sented In Fig. 3.

In a caae of heat-kllled celle the character of curvee la 

elallar for both klnda of tha lnveetlgated aatal Iona. An an-

other lntereeting feature thet le worth of notice la that the-

re la no e*entl*l difference In cuaaulatlon of Pb by vlabl* and 

heat-kllled celle.
2*

Quite different »ltuatlon la aeen in a caae *f Cu lone.

Heet-kllled cells absorb Cu24 Ion* laaadlataly (what raeaablaa

tha caae with Pb2*)i whareaa In a caae of vlabla celle aoae tla*

(of th* order of 2 hre) ie needed for th* reaching tha aaturatlon

In tha cumulation curve.

The presented result* are v*ry similar to thoaa obeerved by

R a b o t n o v a  and P o z a o g o v a  [4] with Cu2+ and 
2+

Ag Ion* and suspenslo* of Candid* utill*.

On the basis of th*s* d*t* it **eae that aoae aatal Iona are 

absorbed Immediately, and tha adsorption doae not d*pand on th*

phyalco-chaalcal condition* (teap*r*tur*, viability, and ao on)
- on* can put Pb2* and Ag2* lone to thla group; wharaea other



Fig. 3. Tlae dependences of the cuamulatlon of the heevy metel
lone by viable (---) end heat-killed (— ) cella of Chlorelle

pyrenoldoee
Zależnoóć nagromadzenia Jonów metali ciężkich od czasu przoz żywa 

(----) i martwe (--- ) komórki Chlorella pyrenoldo3e

metale, here Cu2* eay serve ee en exaaiple, get Into cell» via 
the "active transport proce»»" (which eurely depend» on the en-

vironmental conditions and, of cour»», on th» viability).

Conclusions

On the ground of the obtained results it can be »aid that the 

Interaction of Cu2* and Pb2* Ion» with Chlor»lla pyrenoidoaa 

call» differ In »*v»r»l respect» i
- Cu2+ Iona daaage the "energetic link" between PS1I and PSI, 

whereas Pb2* ion» eeew to have no effect on the excltetlon energy 

tranefer froe PSII to PSI,
. Cu2* Ions are most orobablv provided to celle by the cell'e



2+
"active trensport prooeoo"; whoreaa Pb cumulation aaee to bo 

of "pur«" physico-chemical nature.
From the date presented in Fig. 2, It aeeea that In a caae 

of vleble celle the interaction with heavy metal lone le moatly 

via, ao called, "ectlve aitee" (and hence the Langeulr'a re-

lation euat hold). The heet damages theae altee and the adeor- 

ptlon process for dead calla fulfill» the Fraundlleh'e aechanlem.
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3. Grabówek i, M. Leszczyńska

WPŁYW 30NÓW METALI CIĘŻKICH (Pb2* I Cu2*) 
NA FLU0RESCENC3Ç CHLOROFILU IN VIVO

Badano wpływ Cu 1 Pb2+ na komórki ' Chlorella pyrenoldoaa. 
Stwierdzono, Ze jony Cu2 a« prawdopodobnie tranaportowane ak-
tywnie do wnętrza komórek w przeciwieństwie do jonów Pb2* 1 że 
jony Cu2+ dezorganizuję eprzężenie energetyczne pomiędzy PSU 
i PSI, podczas gdy Jony Pb2+ nia maję wpływu na przenoezenle 
energii pobudzenia poaiędzy PSU i PSI,


