
 

                               1 / 1

HEAT STRESS RESPONSE IN SKELETONEMA COSTATUM 

A. PENNA 1. V. SCOCCIANTI2 AND M. MAGNANI1 

1 Centro Biologia Ambiemale. 2 Isrituto di Botanica 
University of Urbino. 61029 Urbino, Italy 

Skeletonema costatum (Grev.) Cleve is a cosmopolitan marine diatom. Its main 
distribution is in coastal waters where it occurs frequently and often as the dominant 
species. Because of its ubiquitous nature and its ability to reach bloom densities, S. 
costatum has been subject of many physiological and ecological investigations. In 
the present paper we investigated the in vitro responses of S. costatum under 
conditions of temperature stress. Among the several cellular responses to stress 
conditions in plants and animal cells there is the synthesis of heat-shock proteins 
(HSPs) (NAGAO et al., 1986). the activation of ATP and ubiquitin dependent 
degradation of damaged or unfolded proteins (RECHSTEINER, 1988), and the early 
changes in polyamine content (GALSTON, I 989). The results here reported show 
that S. costatum is able to activate all these responses. Furthermore, due to the 
importance of the production of extracellular polvsaccharide in the Adriatic sea and 
since S. costatum accumulates large amounts ~f [3-1,3-D-glucan (V ARUM and 
MYKLESTAD, 1984), we also investigated the variation ofpolvsaccharide content 
in S. costatwn under temperature stress conditions. ., 

S. costatum was cultured in the f/2 medium of Gui!lard and Rvther at 18°C in a 
day:night cycle of 12h:l2h. Polysaccharide content and polyari'.iine content ~ere 
determined according to DUBOIS et al. (1956) and SMITH and BES (1977) 
respectively. Protein pattern was analyzed by SDS-PAGE, the presence of 
ubiquitin and ubiquitin conjugates was revealed by western blotting. Ornithine and 
arginine decarboxylase activities were determined by measuring the 14CO2 
evolution from L-[l-14Cj ornithine and DL-[1-14C] arginine as described by 
TORRIGIANI et al .. 1987. 

S. costatum cells, usually growth at 18°C, were exposed to higher temperatures 
for 40 min. In cells at 25°C, 3D°C and 35°C respectively, total cellular and 
extracellular carbohydrate content was determined. No variations in total 
carbohydrate content were observed: however extracellular carbohydrates increased 
after 40 min of 35°C stress. This production is probably not due to new synthesis 
but to cell disruption as supported by a corresponding decrease of the intracellular 
carbohydrates. At 35°C in fact a drastic decrease in cell number and viabilitv was 
observed. ' 

The temperature shift from 18°C to 30°C induced the appearance of new 
polypeptides typical of the heat shock response. At 35°C the protein electrophoretic 
pattern was similar to that observed at l 8°C, suggesting that the cell protein 
machinery is no longer active at this temperature. Western blotting experiments 
performed with an anti-ubiquitin antibody revealed that S. costatum cells contained 
free ubiquitin and ubiquitin conjugates. The heat stress increased the number of 
ubiquitin conjugate, particularly those of high molecular weight. Thus the heat 
stress in S. costatum cells is associated with the conjugation of ubiquitin to 
endogenous proteins. 

The polyamines putrescine, spermidine and spennine were present in S. costatum 
cells. Heat shock (40 min of 30°C stress) caused a marked increase in free putrescine 
and spermidine and in putrescine biosymhetic enzymes activities. A possible role for 
these different metabolic events in the adaptive response of S. costatum to rapid 
temperature shifts has been hypothized. 
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Dans !es eaux naturelles, !es metaux pt,2+, Cu2+, Zn2+, Cd2+ sous leur forme libre 
sont reconnus toxiques pour !es systemes biologiques (HART, 1981 ). 

Ainsi pour les bacteries~ les ions Cu2+ sont indispensables dans leur metabolisrne 
mais peuvent causer des effets cellulaires toxiques si le niveau des ions libres Cu2+ 
n 'est pas commie. Plusieurs types de mecanismes de resistance au Cu2+ om ete 
recenses (TREVORS, 1987; SILVER et WALDERHAUG, 1992). 

L' accumulation - sequestration du cuivre par des proteines memhranaires extemes 
et periplasmiques a ete proposee comme mecanisme de resistance pour un certain 
nombre de souches bacteriennes afin d'abaisser le niveau intracellulaire d'un grand 
flux de Cu2+. Le plasmide portant l'operon resistant au cuivre consiste en quatre 
genes cop ABCD, operant sous le contriile d'un promoteur cuivre (MELLANO et 
COOKSEY, 1988). 

La presence de formes bacteriennes hautement resistantes a des concentrations 
elevees de metaux lourds est commune dans la nature au voisinage de dechets 
industriels. Ces souches contiennent des megaplasmides. A/caligenes eutrophus CH 
34 contient le plasmide pMOL 30 (238 Kb) qui dirige la resistance aux metaux 
lourds Pb2+, Cu2+, Zn2+, Cd2+_ L'interet de ces plasmides est de pouvoir se 
transmettre facilement d'une souche a l'autre (MERGEAY et NIES, 1985), 

Nous avons montre (RICHOU et al.. 1992) Jes possibilites de survie en capteur a 
membrane d'Escherichia coli, dans !es eaux interstitielles de sediments marins d'un 
port contenant des taux tres eleves de metaux lourds. 

Le but de ce travail a ete de determiner si la forme de resistance aux metaux Cu2+ 
d'Escherichia coli est due essentiellement a un mecanisme d'accumulation qui lui est 
propre ou/et si Ia possibilite de transmission de plasmide de bacteries du sediment 
marin d'une souche a l'autre existe. ce qui augmenterait sa resistance. 

Pour cela, Jes bacteries Escherichia coli sont placees dans un capteur a membrane, 
Des experiences en ecosysteme contr6le som effectuees dans des sediments marins 
mediterraneens charges en metaux lourds. 

La resistance au cuivre d'Escherichia coli est testee. Pour cette elude. nous avons 
effectue des cultures cellulaires d'Escherichia coli temoins et apres experimentation 
in situ. Ces cultures se deroulent en absence et en presence de cuivre jusqu'a 4 mM 
pendant 20 heures. 

A partir de cellules entieres. de cellules lysees et de cellules fractionnees, !es 
proteines totales, solubles et insolubles sont identifiees par leur masse molaire par 
electrophorese de type LAEMMLI et quantifiees par la methode de BRADFORD. 
Le dosage du Cu2+ libre, complexe et/ou accumule par !es differents types de 
proteines est effectue par Differential Pulse Anodic Stripping Voltammetry 
(D,P.A.S.V.) par la methode des ajouts doses. Le nombre de sites de fixation du 
Cu2+des differents types de proteines est ainsi determine en µmoles d'equivalent 
Cu2+ par µg de proteines en solution. 

L'ensemble de ces resultats semble prouver !'existence chez Escherichia coli d'un 
mode de resistance au Cu 2+ par accumulation par Jes proteines qui Jui est propre et 
une augmentation de cette resistance apres contact avec le milieu naturel. 
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