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Abstract-Ferredoxin from Arctium lappa consists of a single polypeptide chain of 97 residues, four of which 
are cysteine. These residues, which are in the active centre, are in identical positions to those of other 
ferredoxins. Overlap between residue positions SO/51 was not obtained, but amino acid composition of the two 
cyanogen bromide fragments which were overlapped corresponded with the amino acid composition of the 
total protein. 

INTRODUCTION 

The amino acid sequence of Arctium ferredoxin 
presented in this paper is very similar to those of 
other 2Fe-2S ferredoxins which have been isolated 
and sequenced from algae and higher plants [l, 21. It 
was determined as part of a programme to construct 
an affinity tree relating the evolution of higher plants 
131. 

RESULTS 

Arctium (burdock) ferredoxin was isolated and 
purified to give an absorption index A4201A280 of 0.50. 
The complete amino acid sequence is shown in Fig. 1 
and the amino acid composition calculated from this 
is in general agreement with that found by com- 
positional analysis of the total protein (Table 1). The 
N and C-terminal residues of the protein were shown 
to be Ala, which was preceded at the C-terminus 
region by Thr and Leu. Cyanogen bromide cleavage 
of the protein gave two fragments called Xl and X2, 
although a cleavage in low yield occurred at Try, 
position 73. The Xl fragment had an N-terminus of 
Ala and a C-terminus of homoserine, and the X2 
fragment had Glu at its N-terminus and Ala at the 
C-terminus. 

A tryptic digest of the total protein gave six pep- 
tides in accordance with the number expected from 
the four Lys and one Arg residues determined by 
amino acid analysis. However, a peptide from residue 
14 to residue 40, i.e. expected T3, was not isolated, 
but an additional peptide from residue 24 to residue 
40 was found. This peptide was subsequently shown, 
by evidence from the chymotryptic digest, to have 
been the result of chymotryptic activity in the trypsin 
preparation used, i.e. there was cleavage at Tyr 23. 
This does not explain the absence of T3 in the tryptic 
digest, but the reason for that finding became clear 
when subsequent sequence analysis using the 
equivalent chymotryptic peptide showed that position 
14 was Gln and probably cyclised, so blocking the 
N-terminus of the T3 peptide. A large peptide 
separated by molecular sieving of the tryptic digest 

was sub-digested with thermolysin and this yielded 
four useful peptides designated T6 Hl-T6 H4, which 
when sequenced established overlap at the Xl, X2 
junction. 

A tryptic digest was also carried out on tne XI 
CNBr fragment; this yielded seven peptides, instead 
of the expected five, due to some chymotryptic 
cleavages. Peptide Xl T3 was sequenced to 14 resi- 

Table 1. Amino acid composition of 
burdock ferredoxin* 

Amino acid 
composition Sequence 

values values 

CM-Cys 5 4 
Asx 9 10 
Thr 9 9 
Ser 8 8 
Glx 14 13 
Pro 4 4 

GlY 6 7 
Ala 9 9 
Val 9 9 
Met 1 1 
Ile 3 3 

Leu 6 6 
Phe 1 1 

Tyr 5 5 
His 2 2 
LYS 4 4 

Arg 1 1 
Trp - 1 

*Calculated to nearest whole number 
from values obtained in 24 and 72 hr 
hydrolysates [4], Thr and Ser assuming 
first order kinetics for destruction; Be, 
Val and Leu (72 hr value), others from 
the average values. 
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Fig. 1. Amino acid sequence of Arctium lappa ferredoxin. Arrows (-), (-_) represent residues determined 
by the DABITC method and carboxypeptidase digestion respectively. Dashed arrows (---_) indicate that 
the residue could not be unambiguously identified. T, C and H represent peptides obtained from tryptic 

chymotryptic and thermolytic digestion, respectively. Xl and X2 are CNBr fragments. 
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dues; Xl Tl, Xl TS and Xl T7 were not further 
analysed as their sequences had already been deter- 
mined from the previous tryptic digest. The sequence 
of Xl T4 was determined and this explains the ori- 
ginal failure to sequence T4 to its expected con- 
clusion, i.e. due to an anomalous chymotryptic 
cleavage at Tyr 37. However, the thermolysin digest 
which yielded peptides T6 Hl-T6 H4 also contained 
several other peptides of which Hl was sequenced so 
overlapping residue 37/38. 

The Xl CNBr fragment was also subjected to 
chymotryptic digestion and yielded six peptides. 
Subsequent sequence analysis provided the evidence 
mentioned above to explain the results obtained with 
the tryptic digest. Two of the chymotryptic peptides, 
i.e. Xl C3 and Xl CS, were not sequenced to com- 
pletion, in spite of several attempts to do so. This was 
not of great consequence in the case of Xl C3 since 
although there was no overlap between 37 and 38 this 
was established from the thermolytic digest. The 
failure to determine the complete sequence of Xl CS, 
however, means that there is no overlap of the TS 
and T6 peptides, i.e. at residues 50, 51. The X2 CNBr 
fragment was subjected to thermolytic digestion 
which yielded four peptides; these were all com- 
pletely sequenced providing overlaps of peptides 
from residue 70 to the C-terminus. 

Both Tyr and Phe were found at position 63. A 
conservative difference of this nature in a molecule 
would not however normally lead to the separation of 
the two parent molecules by the usual purification 
techniques. Although peptides TS and T6 were not 
overlapped, we are confident that the complete 
sequence has been determined. Firstly, it has the 
same number of residues as the other higher plant 
ferredoxins, where complete information is available, 
i.e. 97 residues. Secondly, we have made total 
hydrolysates of the peptides and dansylated them, 
and their amino acid compositions agree with that 
expected from the 97 established residues (data not 
shown). Lastly, the amino acid composition of the 
CNBr fragments, Xl and X2, which were overlapped, 
corresponded with the amino acid composition of the 
total protein. 

When wheat, rape, spinach, taro, alfalfa, elder, koa 
and burdock ferredoxin sequences were analysed by 
a total search ancestral method (T. Gleaves, unpub- 
lished), the burdock sequence was most closely 
associated with wheat in a unique tree. The affinity 
tree has not been presented, however, as its 
significance cannot be assessed as so few ferredoxin 
sequences are available, the trees would not be stable 
on the addition of new sequences; 20 out of a total of 
67 substitutes are convergent. 

EXPERIMENTAL 

Materials. Arctium lappa L. leaves were collected locally. 
Other materials were as described in ref. [2] and ferredoxin 

was isolated and purified as in ref. [5] except that diethyl- 
ammonium diethyl-dithiocarbamate was added to the 
extraction buffer in order to reduce oxidation reactions and 
after (NHJ2S04 fractionation the dialysis step was omitted 
and the DE-23 cellulose column was equilibrated in 90% 
(NH4kgQ. 

Amino acid composition and sequence. Ferredoxin was 
denatured in 6M guanidine chloride, reduced and car- 
boxymethylated [6]. Amino acid composition of CM-fer- 
redoxin was obtained after hydrolysis for 24 or 72 hr with 6 M 
HCI at 105” in sealed, evacuated tubes. Duplicate hydrolyses 
were carried out for each hydrolysis time. Digestion of 
carboxymethylated protein by trypsin or chymotrypsin was 
carried out as in ref. [2] and T6 was digested with thermolysin. 
Carboxypeptidase A or B was made soluble by method 1 of 
ref. [7] and digestion was with a 2% (w/w) ratio of enzyme to 
substrate for periods of up to 2 hr in 0.2 M N-ethylmorpholine 
acetate buffer, pH 8.5. Peptides resulting from tryptic and 
chymotryptic digestions were applied to a Bio-Gel P-Ccolumn 
(1.5 x 190 cm). Elution profiles were followed by measurement 
of A280 and Azm and by N-terminal analysis using the dansyl 
technique [8]. Tryptic and chymotryptic peptides, which 
remained impure after gel chromatography and thermolytic 
peptides were subjected to high voltage paper electrophoresis 
at pH 6.5 and 1.9 [9]. Peptides were detected on paper using 
cadmium ninhydrin reagent [lo]. 

CNBr cleavage was as in ref. [ll] and thermolysin diges- 
tion as in ref. [12]. Peptide sequences were determined by 
the DABITC method [13]. 
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