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A picosecond e lec t r i ca l  signal from chloroplasts related to primary events 

of photosynthesis. 
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When a suspension of chloroplasts is i l luminated with non-saturating flashes 

a photovoltage can be measured with electrodes placed at d i f fe ren t  posi t ions 

along the propagation axis of the l i g h t  (1,2,3,4) .  At f i r s t ,  th is  photo- 

voltage was thought to indicate d i r ec t l y  a trans-membrane charge separation 

(1,2) ,  however, la te r  i t  was ascribed to the d i f fe ren t  mob i l i t i es  of posi- 

t i ve  and negative charge carr iers  in the plane of the thylakoid membrane (3). 

Although there is no general agreement on the correct in te rpre ta t ion ,  the 

ef fect  is unequivocally related to the photosynthetic charge separation. 

In th is  study we report experiments in which chloroplasts were i l luminated 

with a single 30 ps pulse from a mode-locked ruby laser (4  = 694 rim). The 

photovoltage was picked up by Ag/AgCl electrodes, amplif ied by a 3 GHz- 

ampl i f ie r ,  displayed on a 1GHz-oscil loscope, and d ig i t i zed .  

Typ ica l ly  photovoltages of about 0.5 mV were measured at f lash energies in 

the order of 100 ~J/cm 2. The photovoltage had a r ise time (10 % - 90 %) of 

350 ps and a decay time of I - 2 ns. The signal was only observed i f  the 

photochemical reaction centers were act ive. I t  was abolished upon addit ion 

of 10 -5 M dichlorophenyl-dimethylurea (DCMU) under pre i l luminat ion.  After 

I0 min dark adaptai~ion: which allowed both photosystems to become again 

react ive, the f u l l  amplitude of the photovoltage was restored. 

The fast  r ise time of 350 ps equals the r ise time of the slowest e lectronic 

component, the osci l loscope. Therefore, the molecular event generating the 

photovoltage should r ise faster than 200 ps. This is compatible with the 

reported reaction time for the primary donors ( P680, P700 ) to the i r  re- 

spective primary acceptors ( Pheo a~ Chl a ). The slower decay time of 1 - 

2 ns f a l l s  into the expected range for  the delocal izat ion of local ized 

dipole f i e lds  at the reaction centers by ionic rearrangement alongside the 

thylakoid membrane. 
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