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Summary 

A photosynthet ic  mutant  (strain 1073) of  Lemna perpusilla was previ- 
ously shown to have a block in the electron transport chain between plasto- 
quinone and cytochrome f ((1976) Plant Physiol. 57, 577--579). Electron 
paramagnetic resonance analysis of  chloroplasts from this mutant  indicates 
that  the g = 1.89 signal of a reduced iron-sulfur center (the 'Rieske' iron- 
sulfur center) is absent. The absence of this signal indicates the Rieske center 
is either absent from or defective in the mutant ,  and this result is consistent 
with this iron-sulfur center functioning between plastoquinone and cyto- 
chrome f in the electron transport chain of  chloroplasts. 

A new iron-sulfur center with a relatively high oxidation-reduction mid- 
point potential (Em = +290 mV) was recently detected in chloroplasts [1]. 
This center has properties similar to those of an iron-sulfur center first dis- 
covered in mitochondria [2,3] and subsequently found in chromatophores 
from several photosynthet ic  bacteria [4--6]. The site of  function of this 
center, known as the "Rieske"  iron-sulfur center, in the chloroplast electron 
transfer chain is not  yet  known. 

At approximately the same time as the Rieske center was being charac- 
terized in spinach chloroplasts, Shahak, Posner and Avron [ 7], in studies with 
a photosynthet ic  mutant  of Lemna perpusilla (duckweed), found that  this 
strain had a block in the photosynthet ic  electron transport chain between 
plastoquinone and cytochrome f. These workers knew of no electron transfer 
components  in this region and therefore could not  relate the block to any 
missing or defective component .  In this communication,  we report an analysis 
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of chloroplasts from the wild-type Lemna and mutant  strain 1073 which 
indicates the mutant  lacks the g = 1.89 electron paramagnetic resonance 
(EPR) signal of  the Rieske iron-sulfur center. This finding is consistent with 
the Rieske center functioning between plastoquinone and cy tochrome f in 
the chloroplast electron transfer chain. 

The growth of  wild-type Lemna perpusilla and mutant  strain 1073 and 
the preparation of  chloroplasts were as previously described [7]. Chloroplast 
samples were resuspended in washing medium containing 5% DMSO. Samples 
were frozen in solid CO2 and shipped to Berkeley from Binghamton. The 
samples were then thawed and concentrated to a chlorophyll concentration 
of  2 mg/ml by centrifugation and resuspension in buffer. Analysis of  the 
Rieske iron-sulfur center was done by EPR spectroscopy at 15 K. Chloroplast 
samples (0.3 ml) were incubated in the dark with 0.25 mM durohydroquinone 
at 4C for 2 min to reduce the Rieske center. The samples were then frozen to 
77 K and EPR analysis was carried out  as previously described [1,8,9]. 

The Rieske iron-sulfur center has a principal g value of  1.89 and a line- 
width of  approximately 40 G in the reduced state [1]. As shown in Fig. 1, 
the EPR signal from this center  is observed in chloroplasts from wild-type 
Lemna after reduction with durohydroquinone.  The EPR properties and 
temperature dependence of  the signal in Lemna chloroplasts are similar to 
those in spinach chloroplasts. Fig. 1 also shows that the Rieske center signal 
was not  detected in mutant  chloroplasts reduced with durohydroquinone.  
Based on the limits of  detect ion of  this center by the EPR procedure,  we 
estimate that  the mutant  chloroplasts contain no more than 10% of the 
amount  of the Rieske center found in wild-type chloroplasts. 

Previous results [7] on electron transfer reactions and electron carriers 
in the Lemna mutant  led to the conclusion that the mutant  lacked a function- 
al carrier between plastoquinone and cy tochrome f. Our results indicate this 
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Fig.  1. The  g = 1 .89  E P R  s ignal  o f  the  R ieske  iron-sulfur c e n t e r  in Lemna perpusiUa chloroplas ts .  
Chloroplas ts ,  a t  a c h l o r o p h y l l  c o n c e n t r a t i o n  o f  2 m g  pe r  ml ,  f r o m  the  w i l d - t y p e  or m u t a n t  p l an t s  
w e r e  reduced  w i t h  0 . 2 5  m M  d u r o h y d r o q u l n o n e  prior to  f r eez ing  a t  77 K. EPR co nd i t i o ns :  f ie ld 
se t t ing ,  3 5 0 0  +- 2 5 0  G; m i c r o w a v e  p o w e r ,  10 roW: m o d u l a t i o n  a m p l i t u d e ,  10 G" t e m p e r a t u r e ,  15 K. 
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carrier is most likely the Rieske iron-sulfur center. This site of  function is 
consistent with the reported oxidation-reduction midpoint potentials of  
plastoquinone {+80 mV, pH 7.0, [ 10]), the Rieske iron-sulfur center (+290 
mV, [1]),  and cytochrome f {about +350 mV, [11--13]) .  
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