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EFFECT OF Cd2+ ON THE METABOLISM
OF THE MARINE UNICELLULAR ALGAE
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ABSTRACTi

Some metabolic modifications of Chaetooeros sin lex v.
calcitrans Pauls., clotella cas ia Gnin., ^gl^o-
nema costa-tum Qrev., ChlaaydomonaB sp. and Flat monas
in ellucida KcLaughlan & Parke, which occured under
.the influence of Cd2+ are analysed. The specificity of
Cd2+ on different algae has been demonstrated and the
mechanism of their protec-tion agains-t Cd?+ effect has
been explained.

After WOOD's classification (g) reEiarding toxtci^r
degree of heavy metals, Gd2+ is tncluiled in the category of highly
toxic elements, which are largely available, to the livinR
orgaaisnis.

The presence of Gd2+ in the sea water, especially in the
coaa-bal zone, ia dne to the inflow of doaestic axid. industrial
waste waters.

Cadntua concentrations varying between tiny traces cud
2. 5ae/l have been detected in the coastal aone of the Black Sea

waters.

Owing to the large capacity of the marine organisns for
accunalation of chemical elements, heavy n»tala have been detected
in vegetal axid animal orgaal.sns at values generally aone teas
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times higher fctoan in the water environment all over tbs Konaaian
coastal zone investigated.

In the particular case of Gd2tdeteraiBations on tissusa
Of Myfeilug KallQMOvincifil^fl L. (g) demonstrated that 'this ex-
tremely toxic ae-bal was accumuaated up to mean values rsuigjlag
between 1. 9 and 5. ^as^gdry substance.

We have intended here to study the Od2+ acid. on - under
conditions of acute contaainatiQn on the marine antcellular algae,
taking into account ssveral considerations;(l) algae are the most
active organisms as regard the accumulation factor; (2) they
constitute tto basic element in the nutrition of many animal
orgaaisms which are part of the human alimentary consuaes (5) ha-
ving a good knowledge of the exact limits of heavy netal accumu-
lation of its effects as well especially in fish organisms, quality
standards can be established for the inarine environment; -(4) as
their physiology is known after years of numerous experiaaita,
these organisms constitute a basis for detecting the"inner ae-
chanisms for the action of these pollution agents.

MAIEBIAL AHD iSETHODS

The anicellular algae Chaetoce.ros simples- var. ss^&i-
-&ES5S. p.yclotella caspia, Ske tonem G t turn, GfilsmsdomonaZm.
aad Pl^tymon^s iiaoelliifiiris, isolated from the coastsl-zone~of~bhe
Bomanian sea water, were used for experimentation.

,
2+ ^ef!:ed concentrations . w®-Pe 0. 04, 0. 1, 0. 5, i and

2^u g/1 Cd"" as CdClg. so ranging within the limits detected'in toe
natural medium. The tests j»ere conducted as compared to a control
variant, represented by the algal species considered, the deve-
lopment of which was followed in the MS medium.

Cultiu-es were in the log phase, being developed in the
MS medium, Ibs trophic particularities of which were known from
previous observafcions.

The fallowing determinations were performed on the algae:

in order to express
Nt - No1. - divizion rate K
tl~

oelular divtzion iiicrement per tine'unit;'
2. - fresh weight, dry weight, moisture and ashesi
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^., ~ -'M aceuinul&t.i.on;
^.. « acRB.mu. latioa of oth&r divalent ions presenfc in the

.a-at.rient solution at detectable levels in the utilised deter-
mination regime.

Dosage 0^ heavy metals was done by atomic absorption
spectrophotometry.

RBSni-l'S JU:!B DISGUSSION

1. CELLULAR DIVISION EATS

A stimulal-ing effect on tefas cellular division process
was noticed, wito a mention that there j-s much speoificity of the
algae to Gd2+ ooncea.trations incLucing this process.

ChaetocerQ_s_si. nffile.x v. calciteraas is stimulated at con-
centrafcions between 0. 04 - 0. 1 ^ug/1 (FLg. l).

CTCIotellg. ^CARP-.is, is subject to stimulation of cellular
division at 0.04-1/ug Gd?+/l values (Fig. 2)
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^/a6/\cau8es a 81i^ di^sion sfcimulatioa ana oaly for the
firs^24 hours of Od2+ contamination (Fig;~5)r~conce'ntrrfciou^
exceeding this value have an inhibitory effect even in the "first
feours of ̂ contamination. The behaviour observed 'at~the~con^
!!ation, of, oa l-/x6/l 8howB that as the od2+ e£f^ ^°ws''chr^,
extremely low concentrations may become toxic.
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Fig. 5 - Cellular division rate of the
co ta-bun under conditions

acute d + concentration'

Of the three diatoms on which the results have been re-
ported, toe^trongest stimulating effect has been obtained'on the
species Cyclotell^ oa«plp and Ohaetocero. «^pi». v.^s^s^
.
2+ "_.. ? letonem eo fc tum sho's Mgfrer" aensibiltty "to

concentrations, as well as to . chronicized action of'this
aie-bal.

In the ^green algae Ghlaa<ydomoQfift sp. and Si^saSQ&a
impellucidfl. ^ follo"ine have been found:

^ cd coataminatl-Qa causes destruction, daring the first
24 hours of action, which is proportional with Cd2+-coaLntratIo^w

- a certain adaptive capacity has been noticed, as
expressed by the posaibillty for the algae to resane the'ceUul^
^u::r"alt"" h°'"s (ro" th- ~^'wl- '"'^

.laft!! &daptioa. . to ^e Od2+ preeenoe, this agent nay^:L":::::1M --tt-°lltl»D. '^-T^"i^-WS ^
- the stinalatioa effect in the green algae is also
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characteri^d by high specificityi Ghl^Tdomon^ _ap. is Simulated
a^all'tested concentrations, there being a positive correction
^eteween'Cd2+concentration and cellular division increases (Fig. ^.
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values, Gd2+ concentratioa

2. OKGAHIO &f.SSm. AEQIMILATION
0^ ox the nechaxitBBis fox< proteotion of the unicellular

again ̂  ^ toxic action of ̂ he heavy n8talB. i8^the,SteaT'
^^ul^^^ala tion'of' synthetic products. S^mJI-NIEL3ES_ana
alUM- E&faa (§) noticed aa increase of the intracellular, pr0^
d^s~7?te , ^" ^^. seatrat. ion Increase in the alga Cftlorellft ep.

A. rLs to ^he s^tivity of orgacic synthests was
^nde^& ^i&^ ^nl. / in t^ diatom algae ^ithia t^e ̂ a»e^f
tAia ^.s.dy. ;eAe ^st ^i^zxf least values as ooap^ed to_ e
^ obtato^/n ^ spaces ̂ sfis£2Se£2&^SEleS ̂ .£a3^££fi&S ®d

<?i?5. 6>
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meta'bolisn was observed

-a, decrsase in. f;he mineral content of the algae at Cd'
concentrafcioas at which stimulations of organic synthesis occured.t

-in the diatons Chaetoceroa. C-rolotella and Skele-

tonema, the process occurs at concentrations between 0.04
and O. l/i g Cd2+/l{

- exacerbation of the mineral

when the coneeatjation of the Cd'"^ beyond the values which stinu-
lafce organic ayatheaisi

- y®1; the activation of the mineral metabolisn does not
occur bat within certain limits of Od'"T concentration, 'besrond which
an attenuation of the process is observed, taking valaes closer
to those of tbe coa'brol.

These inanifesta'tioas of the mineral metatoolisn as

superposed on the aspects of organic synthesis and division rate
show that ths protection factors are different for different
Cd'2+

concentrations.

Ooncentrattoiis between 0. 04. - O. l^ug Od2+/l trAgger
organic Bynthsais Svm. ctioo. s whl.ch seen to have a role in fixing
Od2+ and naktng it harnless to tba development of the cellula-c
nctaboljLsn*

Of t-bS) category of orgaaic products with a protection
role " the syitltegA. a 01 metalothioneins has 'been recenfcly proved

in several bltto-^een algae (5)'
Steadying the effect of Zo2+ on the alga Skeletone

iosi?at;ua (unpublished data), the role of glycine in the disiato-
xication Biechanisa was pointed. Ottt. The activation of tbB glycine
synthesis induced, a correlative increase in the qaaatities of
aepartio acid and serinea Accordingly, in parallels with the syn-
thesis of fehe protection factors, ayatheaia of other organic
coapoimds is stimulated, which is followed by increase in the
diviston pote&fciali'by*

An increase ji.n OSC'T concentration haa correspondence in

a change in the protection mechaniBm} the syntliesis of
ocsss.ie produc'bs decreases and stinulation of the Biineral aeta-
bolisa is coticed.

A8cord.iji6ly» in order to w&tlistaad the toxic effect, a
proteotion iBschaaisai "based on ioiiic exchange is started.
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4. HBAVT METAL AOOTOTOLA. TION FBOM 1'HB MEDIUM

In ths present stcuiy we have followed the accumulation
of Gd'- as a toxic factor, as well as the aocumulation of the
divalent ions Cu2+ and Zn2+, ths presence of whic^hin the mecEiua
is in close conaecfeion with the cliemioal stractare of the
calturiag solati.oa.

In the MS oultcu-e aedlua, Zn2+ reached a concentration
of 254. 4^&e/l and Gu2+, ?8l. 25/ig/l.

la order to stady the absorptive capacity of the algae
for the above mentioned divalent ions, the algae were calcinated
at 480WG. Passing into solatioa was made with Merck HCl by 2 ml in

2 stages. After this treatment, the material was heat-mioeralized.
In a first stage, nineralizatiion went up to the nonent of total
evaporation of the acid» in the second stage, the aoid evaporated
nearly 8C , then the material was cooled.

Passing into solution was nade with redisttiled water
up to a volame of 25 ml.

The samples prepared in this way were read at an atomic
absorption speotropbotoneter Pye Uaicam Type SP 2900 S.O.

The results of the readings pointed oat the followtngt
- Oader coiuiitioas of acute con'banination, the Od

qaantities accumulated ta th® algae after 72 hours of experimea-
tatioa are Delow the detection linit of the apeotrophotoneter
utilized, for tbe aualyses.

- Presence of Gd2+ had no . signifleant effect on Zn2+
accunulation.

- Bpectrophotometric deterninations showed plaJLaly a
Ga-" accuaulation and indicated it as dependent on the Cd2+
presence and concentration.

- Only the Cd'- concentrations between 0. 1 and 0. 5 de-
ternine significant increase of Gu2+ accuaulatioa as conpared to
the control valaes»

- Absorption and intraoellular storage of Cu2+ demo&-
strates a sharp specificity (Pigs. 8-9): Chaetoceroa, G clotel
and Chlanvdononaa sp. absorb the ion in excess, reaching a con-
centration factor of 552 - 1252^ae/e dry substance. As ooapared
to the control, the process is higher by 6?. ?6 - 76. 5256.
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The results of the study on the accunulation of dl~

valent iona lead to the supposition that, on the basis of the
mineral "aetabolisa, another way of protection against the toxic

agents is ̂ ^ ̂ ^ aoooant Doth Gu2+ abaorpsion aBd organic
natter ^th^ia (PigB. 6,8,9), the following are t^be o-bserved.^

For concentrations of 0. 04 - 0. 1/ig OdcT/l, at ^hig
organic syatheols stinulatioa takes place, the <luaQtity of_c^
Aecseases'toeKni that .shtch ia doaed in tiia control. The decrease
iFe^l&iaeA oy acls^vatioa of STnthetic netabolisn. ^It ia toown
imt there i». correspondoace betiieen the high netabolisn and the

ac^tv8~inrla£; of naterieat eleaents, aaong which Hand P are the
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aoat inportaat.

An efliuc of divalent ions. Gu2+ having - probably - an
important role, corresponds to the strong P iiiflux.

Tto increase of Od2+ coacenfcration above 0. 1.
induced OucT ooncentratioa. which superposes a decrease i^Sie
organic uatter synthesis. This effect is explained by selective
absorption of ions with identical electric charge, with a role"in
braking the penetration of the toxic ions. AQRAWAL et al7
noticed that the toxic effect of Co2+ in the alga An c sti'nidSl
la&S. is counteracted by 4<% by Mg2+. The elimination -of"tto~Co2+
toxic effect is due to the coiqpetitive absorption of Mg2+.

The results of the present study demonstrate that the
copper ion has a conpensational role at Gd2+ concentrations of"
^lnlJr f^^.^^ence ifc provides one of the antitoxic"mechanisms

The correlation between hydrature and Ou2+ accuntilation
is in support of ttoe assertion above (Fig. 10).
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exceeds O. ^/. g/l in the species Chaetocesos s B Ie v. calcitrans.
Gym'Lotell_CL_Q&. sBis, and Chlaffi-vd. osonaa sp. or when there is no aaper-

stimulation of its absorption as compared, to tha level of the
control variant for the algae Skeletonema costatuia and Platymonas
ia elluctd^, suggests that, beside the alsove mentioned protection
m9chanisns» tehe algae may develop some other such mechanisms.

The cessation. of division (ex. Skeletonema coq^aSBffl a't

Cd conoeatrafcion of 0. 5 - 2/ig/l), the destruction of a certain
fraction of a population and tbe recovery of tha population from
the cells which, hava resisted (Chlanydomonas ST), aiid Plat-monaa
imuellucida) prove that the cells lose only temporarilly thalr
di. vision potentiali after having been su'bject to naneroaB pertur-
ba^ioas, they regain their initial struct are and recover their
integrity and QQsrgetic potentisLl*

Latency or destruction of cells oaa be explained on the
basis of the observat ions of 'DINGLE et al. (^)» who showed that
sable thai Eg concentrations disorganize the ohondrioa in. th®
ciliates. Tet this disorganization is temporary, as after 24 hours
the cells recover their normal state.

After OLAFSON and THOMPSON (^) , for the vertebrates, and
UcLEAN et al. (2), for the blas-green alga AnaovBtis nidulans.this
adaptation period reflects the d.isin'fcoxication process induced by
a protein suscepti'ble of complexation of the netal ions.

Subseq, uent to the adaptation, the toxic agent nay
beco atinulati.ve*

Cadniua, in the present case, tinder coiiditions of acute
oontaaiinatl. ea, acts upon some algae as a atinulant or as aa ia-
hibator from the first tiourB of contanination. Its ao-fc being

discernible after 72 hours of action demonstratea tbat it does
not accunulato into cells, or it does in an infinitesiinal <iaantity,
duriag thie interval* S'binulation of the .etalwlic processes
occurs indirectly, by triggering the protecteloa nechanisnsta) syo-
ttaesis of orgaiaic prodacts, or b) naking the aemlorane penetrable
by other ions, which activate . the netabolisn or haTB aa Intrinsic
role in .blia synthetic proce a*
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CONGLUSI05S

1. - Under conditions of acute contamination with Gd2+,
at^concentrations between 0. 04 - 2^u g/1 (values identified in the
natural tedium), this heayy nefcal stiaiulafees neoformation pro-
cesses in cost of the unicellular algae.

2. -The Cd2+ concentrations stimulating the diyisioa
rate in fehe algae are strictly specific,

5-The stimulateing effect of Od2+is indirect, by
triggering the protection mechanisms.

4. - The grotecfcion mechanisms of the algae against the
toxic effect of Cd<:T consist of either synthesis of some organic
compounds, or selective absorption of other ions with identical
electric charge.

5. - Tto antitoxic protection of the unicellular algae,
based on the mineral metabolism, is explained by absorbing of"some
ions with a role in n^intaini.ag a membrane equilibritim. which stop
the penetration of Cd.^ into the cells.

6. - It was^^demonstrated that, of the ions with a pro-
tection functiou, Cu':+ has a most important role.

7. - Under conditions of aoute confcamination, Gd2+ enters
t&e cells in iafiaitesimal qaantities or has not the'time neces-
sary to penetrate into the cells.

8. - The spectrophotonetrical determinations after 72
demonstrate the absence of Gd2+

,2+

lioars of contamination
in the algae.

9. - In the natural nedium, Od2+ concentration varies
between infinitesimal values expressed as traces and less than"
^/a6/l along the 5 In isoba1;h' t;he V'&1U8S higher than 1/ug/l being
found only in front of the waste water drains.

10. - The ooacentration of Od2+ in the natural median,
beside other factors, explaine - at least for the algae we"have
studied - the actaal level of the phyfcoplanktonic bionasses.
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