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The suggested role of carotenoids as thylakoid stabilizers (Havaux, 1998) can be difficult to demonstrate in light-
differentiating chloroplasts with impaired carotenogenesis, due to the photodamage caused by the lack of the well 
known protecting function of these pigments.  
For this reason we tought useful to study the effects of the carotenoid-deficiency on the etio-chloroplast membranes 
from cotyledons of the dark grown gymnosperm Pinus sylvestris (L.).  
The carotenoid biosynthesis was impaired by treating the plantlets, growing in darkness at 20°C, with norflurazon (150 
µM) or amitrole (1 mM), two herbicides inhibiting phytoene desaturase and lycopene cyclase, respectively.  
Despite the lack of photooxidative damage, the carotenoid deprivation due to both the chemical-treatments, led to a 
decrease of the chlorophyll amounts in the dark-differentiating  etio-chloroplasts.  
Ultrastructural observations evidenced a reduction of thylakoid membrane number and granal stackings in the 
organelles, while the prolamellar body organization was unaffected.  
In the herbicide-treated etio-chloroplasts, moreover, western analyses showed a lowered amounts of thylakoid.proteins 
D1 and LHCII, compared to the control organelles.  
The fluorescence emission spectra (at 77K), furthermore, demonstrated the reduction of the pigment-protein complexes 
in the thylakoid membranes of the carotenoid-deficient organelles. 
In order to verify if the quantitative decrease of the membrane proteins depended on changes of the corresponding gene 
expression, we analyzed by RT-PCR the mRNA levels of the nuclear gene Lhcb (encoding LHCII protein) and the 
plastidial gene PsbA (encoding D1protein). 
The analyses showed only a reduction of nuclear Lhcb gene expression in the cells of amitrole treated cotyledons. 
This revealed that most of the alterations observed in the etio-chloroplast thylakoids could be ascribed to the impaired 
carotenogenesis, thus suggesting that a correct carotenoid synthesis is needed to build up and maintain well arranged 
and functional plastid membranes. 
Of particular interest was the lowered Lhcb gene expression evidenced in cotyledon cells treated with amitrole. 
Such a finding, in fact, demonstrated that, in the damaging conditions specifically caused by this herbicide, the etiolated 
plastids of the gymnosperm Pinus sylvestris were able to send to the nucleus an inhibitory signal to regulate the 
expression of photosynthesis-related genes. 
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