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Ferredoxin from fern and amaranthus: 
Two diverse plants with similar ferredoxins 

Verredoxins are a group of iron-sulfur proteins which serve as electron carriers 
in plants, photosynthetic bacteria, and certain nonphotosynthetic bacteria. There is 
a growing body of evidence to support the view that ferredoxin is native to all green 
plants (including algae), and, through its role in NADP reduction and photophos- 
phorylation, is required ubiquitously for the conversion of sunlight into chemical 
energy by oxygen-evolving cellsl-L 

If ferredoxin has a general role in photosynthesis, it must be present in all major 
groups of plants. Ferredoxin has indeed been isolated from a variety of algae and 
higher plants ~ but not, so far, from members of two groups of plants which merit 
special attention: ferns (lower plants which due to their inability to flower are con- 
sidered relatively primitive taxonomically) and amaranths (higher plants similar to 
spinach taxonomically but distinguished by differences in C02 metabolismS). We 
report here the isolation and certain characteristics of ferredoxins from the fern 
Polystichum munitum (commonly called swordfern) and A rnaranthus edulis (commonly 
called pigweed). 

Fig. I shows the absorption spectra of ferredoxins from fern and amaranthus 
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Fig. I. Absorpt ion spectra of p lant  ferredoxins. Spectra were measured in 1.o-cm cuvettes wi th  
a Cary 14 ,'~I recording spectrophotometer .  The cuvettes  contained the following anlounts  in 0. 3 M 
Tris HC1 buffer, p H  7.3, containing 0.54 M NaCI: spinach ferredoxin, 0.65 mg/ml;  fern ferredoxin, 
o.5i mg/ml;  and a lnaran thus  ferredoxin, 0.45 mg/ml.  Ferredoxin concentrat ion was determined 
spectrally at  420 rap, using, in all cases, the extinction coefficient of 0.835 (mg/ml) -1 × cin -1 
found for spinach ferredoxin s. 
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compared with that from spinach. The three ferredoxins show nearly identical ab- 
sorption spectra in the visible and near-ultraviolet regions (peaks at 465, 420, and 
330 m#), but certain differences are apparent in the ultraviolet. Spinach and amar- 
anthus ferredoxins both show a single peak at 276 m# (with similar 420/276 m/~ 
absorbance ratios, of 0.49 and 0.47, respectively). Fern ferredoxin also shows an ab- 
sorption maximum at 276 m#, but the peak is less pronounced and the total ultra- 
violet absorption is lower than with the other ferredoxins (420/276 m# ratio for fern 

T A B L E  I 

I R O N - - S U L F I D E  C O N T E N T  O F  F E R N ,  A M A R A N T H U S  A N D  S P I N A C H  F E R R E D O X I N S  

The three  ferredoxins  were i so la ted  b y  the  procedure  of TAGAWA AND ARNON 8. A m a r a n t h u s  p l an t s  
were grown from seed in a greenhouse  on n u t r i e n t  so lu t ions ;  fern fronds were col lected from 
the  no r th  shore of Alpine  Lake,  Mat in  County,  Cal i fornia ;  sp inach  leaves  were purchased  from 
a local  ma rke t .  Fe r redox in  concen t ra t ions  were de t e rmined  as descr ibed in Fig. i.  

Ferredoxin Iron Labile sulfide 
(l~atoms /#mole (lzmoles / pmole 
ferredoxin) ferredoxin) 

Fern  2.  I I .  8 

A m a r a n t h u s  1.6 1.6 
Spinach  2.0 i .9 

T A B L E  I I  

A M I N O  A C I D  C O M P O S I T I O N  O F  F E R N ,  A M A R A N T H U S  A N D  S P I N A C H  F E R R E D O X I N S  

Amino  acid ana lyses  were carr ied  out  w i t h  a B e c k m a n  Model i2oC amino  ac id  ana lyze r  by  us ing 
22- and  72-h acid hyd ro ly s a t e s  (6 M HC1, ioo  °) of n a t i v e  fe r redoxin  and  of t he  oxid ized  and  
c a r b o x y m e t h y l c y s t e i n y l  Ie r redoxin  de r iva t ives  (prepared as descr ibed by  MATSUBARA et al.9). 
Cyste ine  was  e s t i m a t e d  bo th  as c a r b o x y m e t h y l c y s t e i n e  a f te r  c a r b o x y m e t h y l a t i o u  and  as cys te ic  
acid af ter  ox ida t i on  of t he  na t i ve  ferredoxins.  

Amino acid Fern Amaranthus Spinach 
(ref. 9) 

Lys ine  4 4 4 
Hi s t id ine  2 i i 
Arginine  i I i 
T r y p t o p h a n  o i I 
Aspar t i c  acid 14 12 13 
Threonine  6 8 8 
Serine 7-8 8 7 
G l u t a m i c  acid 9 14 13 
Prol ine  4-5 4-5 4 
Glyeine 9 6 6 
Alanine  7 i o 9 
Ha l f -cys t ine  5 5 5 
Val ine  5 5 7 
Meth ionine  2 I o 
Isoleucine 6 6 4 
Leucine  7 6 8 
Tyros ine  3 4 4 
P h e n y l a l a n i n e  4 I 2 

To ta l  95-97 97-98 97 
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ferredoxin ~ o.65). The weak ul traviolet  absorption displayed by fern ferredoxin is 
also characteristic of ferredoxins from certain types of algae1, 6. 

Despite certain spectral differences, fern and amaran thus  ferredoxins resemble  
to a remarkable degree, spinach ferredoxin as well as other plant  ferredoxins. Table I 
shows tha t  each ferredoxin examined contains two iron and labile sulfide groups 
per mole (based on a molecular weight of 12 ooo). When assayed for activity,  the three 
ferredoxins were equally effective in photoreduct ion of NADP by isolated spinach 
chloroplasts 1°. 

Fern,  amaranthus ,  and spinach ferredoxins are also similar in their amino acid 
compositions (Table II). Each ferredoxin contains a total  of 95 to 98 amino acids 
with a dis t r ibut ion remarkably  similar to tha t  of the other two ferredoxins (and to 
other p lant  ferredoxins which have been examined~). A notewor thy  difference is the 
absence of t ryp tophan  in fern ferredoxin, a difference which explains its low ultra-  
violet absorption. 

In  sum, the isolation of ferredoxin from fern and amaran thus  is consistent with 
the key role assigned to ferredoxin in p lant  photosynthesis  1. Fern and amaran thus  
ferredoxins are remarkably  similar to other plant  ferredoxins in visible absorption 
characteristics, iron-sulfide content ,  and amino acid composition. Fern  ferredoxin 
(like certain algal ferredoxins) is distinguished from higher p lant  ferredoxins by a low 
absorbance in the ul t raviolet  and by  the absence of t ryp tophan .  
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