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SUMMARY 

Sequence homology has b~en found between the Land M subunits of Rhodo­

pseudomonas capsulata reaction centers and the Qs-protein from all species 

thus far sequenced. The homology between the L subunit and the QS-protein 

is contained in the sequence PFHMLG----F------AMHG-LV-$ and is believed to 

have survived three billion years of evolution. A model is presented which 

associates quinone binding with this highly conserved sequence. 
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INTRODUCTION 

The sequences of the reaction center polypeptides of Rhodopseudomonas 

capsulata have been determined (Youvan et al, 1983). We have discovered that 

there is a highly conserved pattern of sequences of amino acids which is 

common to the Land M subunits of R. capsulata and the QB-protein of 

chloroplast thylakoid membranes in spinach and tobacco. This conservation of 

. sequence has survived since the divergence of these organisms which is esti­

mated to have taken place 3 billion years ago (J. M. Olson, 1981). Such a 

striking conservation of amino acid sequente suggests that these portions of 

all three proteins, which are approximately 60% in from the amino terminus in 

each case, are at the functional centers of these proteins. Because the R. 

capsulata reaction centers are known to contain two bound quinones, (J. R. 

Bowyer et a1., 1979) and herbicide binding to the QB-protein is known to block 

quinone binding to photosystem 2 (B. R. Velthuys, 1981; C. A. Wraight, 1981), 

and because qui nones are known to have unique importance to the primary 

chemical events in bacterial reaction centers as well as in photosystem 2 of 

chloroplasts, it is our hypothesis that this highly conserved sequence of 

amino acids is involved in quinone binding and function. 

A common feature of the photosynthetiC reaction centers of photosystem 2 

of chloroplasts and cyanobacteria and of purple photosynthetic bacteria is the 

presence of a quinone-iron complex as the electron acceptor (B. L. Trumpower, 

1982). Photo-induced charge separation in the reaction center results in the 

transfer of an electron first to a tightly bound quinone (QA) and then, by 

mediation of the intervening Fe(II}, to a loosely bound quinone (QB)' where 

the electron is stabilized in the semiquinone. The species ~~. is assumed to 

remain unprotonated, on the basis of the absence of concomitant uptake of pro­

tons from the medium (R. C. Prince and P. L. Dutton, 1978) and based on dif-
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ference absorption spectra (M. P. J. Pu11es et a1, 1976). Upon the arrival 

of a second electron by the same route, the species Q=B or Q-. Q-:'. picks up a A B . 

pair of protons and ~nters the quinone pool. It is at this point that PS2 

inhibitors (herbicides) like DCMU and atrazine are thought to act, by blocking 

access to the loose quinone binding site (B. R. Ve1thuys, 1981; C. A. Wraight, 

1981). 

The implication of specific binding sites for quinones is supported by 

studies of the competition with azido analogs of herbicides, which can be 

attached to the· associated polypeptides as photo-affinity labels (W. F. J. 

Vermaas et a1, 1983; P. Wolber and K. SteinbacK, 1984). In addition, there 

must be a strong interaction of the quinone with the binding site to cause a 

significant modification of its chemical properties. In the common protic 

solvents, including water, the semiquinone anion produced upon I-electron 

reduction of the quinone rapidly picks up a proton in an essentially dif­

fusion-controlled reaction. Furthermore, the neutral semiquinone is unstable 

against disproportionation to give hydroquinone and quinone. It has been 

estimated .that the reaction 

2 ·QH 

has an equilibrium constant of 10- 12 in a phospholipid medium (P. M. 

Mitchell, 1976). Thus, both the unusual stability of the I-electron reduced 

quinones in in vivo electron transport chains, and their apparent resistance 

to protonation are properties that require explanation. Related phenomena 

occur for electrons transferred through the ubiquinone site of mitochondrial 

membranes (C.-A. Yu and L. Yu, 1981). In this case the three quinone-binding 

complexes that have been identified appear to be the loose-binding type and do 
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not involve direct association with Fe(II). 

RESULTS 

This manuscript is nearly identical to one presented to the Sixth Inter­

national Congress on Photosynthesis which was held from August 1 to 6, 1983. 

Because the date of submission of this work is three months later than our 

submission to the Brussels meetlng, tne U~K sequences or tne genes whic~ code 

for the H, L, and M subunits of the reaction centers of R. capsu1ata have 

been completed, and we are far more confident that most point errors and frame 

shift errors in the data have been eliminated. The discrepancies in the data 

here and the data in the earlier pres~ntation result from the fact that we 

found one large region of the M s~bunit sequence which was in error because of 

a frame shift which has been corrected here. A visual comparison of the 

translated amino acid sequence of L subunit gene and the amino acid sequence 

QB-protein (G. Zurawski et al, 1982) reveals a sequence PFHMLG----F-----­

AMHG-LV-S which is common to both sequences and which starts at the 172nd amino 

acid trom the N terminus of the 282 amino acid long L subunit and which starts 

at tne 196th amino acid from the N terminus of the 353 amino acid long QB­

protein. A more careful search of the M subunit translated sequence also 

reveals a weaker homology with the ~B-protei" dt jlusition 198 of 306 amino 

acids where the homology reads PFH-L--A---G--L--AMHG-----. In order to 

establish the significance of this homology the data bank associated with the 

Atlas of Protein Sequences at Georgetown University was searched for two tri-

u 

peptides, AMH and FHM. The search found 27 proteins containing AMH, of which v 

6 were cytochrome bls, one a cytochrome c l from R. sphaeroides, one a cyto­

chrome c3 from O. vulgaris, and of course the QB-protein. The search found 

only 9 pruteins containing FHM including fumarate reductase, cytochrome oxi-
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dase and of course the QB-protein. No protein other than the QB-protein 

contained both sequences. A more detailed computer analysis performed by 

Russell Doolittle of the University of California in San Diego has revealed 

. highly significant homologies between the L subunit and the QS-protein, 

between the M subunit and the QB-protein, and between the Land M subunits. A 

much weaker homology was also found between the H subunit sequence and the L 

and M subunit sequences. Table I contains a summary of this data. Figure 1 

presents a plausible although not unique picture of the relationship between 

these proteins in evolution. Figure 2 shows the strong homology regions of 

the L subunit, the QB-protein, and the M subunit. 

DISCUSSION 

The data strongly indicate that the Land M subunits and the QB herbi­

cide binding protein arose from a common precursor. It is also likely that 

the H subunit arose from the same precursor, although statistical validity of 

this statement is marginal. The fact that selection pressure preserved such a 

precise amino acid sequence over 3 billion years suggests that this region is 

functionally very significant and that it is interacting with a small and well 

defined immutable structure. The qui nones are the logical candidates. This 
I 

strong. homology is found in a very hydrophobic background of amino acids 

making the logical amino acid residues to focus on in order to explain the 

nature of the interaction between the quinone and its binding site, the 

histidine-methionine and the methionine-histidine dipeptides. We are sug-

gesting that a charge transfer complex or a strong dipolar interaction exists 

between the sulfur atoms of the methionines and the conjugated ring of the 

quinone. The geometry of this presumptive interaction is such that one of the 

carbonyl oxygens of the quinone is hydrogen bonded to a proton on the imido 
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nitrogen of the histidine. In water, this site has an acid pK of 6.00. It is 

this interaction which presumably stablizes the unprotonated semiquinone, Q~, 

so that.there is sufficient time for a second electron to arrive by the same 

path and form hydroquinone, the two-electron reduced product which is released 

to the quinone pool. Figure 3 presents a sche~atic picture of this presumed 

interaction with the amino acid sequence PFHM. The interaction between a 
... 

quinone and the sequence AMHG is envisioned to be similar. Presumably both cif U 

these sequences are associated with the strong quinone binding site and are 

simultaneously interacting with a single quinone molecule. The conservation 

of not only these short amino acid sequences but also the precise length of 

hydrophobic connector between these two sequences suggests a joint interactive 

role with a small molecule. It is noteworthy that the M subunit contains only 

one of the two histidine-methionine dipeptides and might therefore be associ­

ated with the weak binding site, although such a conclusion is speculative. 

Clearly there is enough difference between these two sequences to account for 

the experimental differences between the strong and weak quinone binding 

sites. It is not possible to know if the presence of the sequence AMH in the 

cytochrome b's and the presence of the sequence FHM in fumarate reductase (EC 

1.3.99.1-succinate dehydrogenase) and in cytochrome oxidase (EC 1.9.3.1) is 

coincidence or is the consequence of the interaction of these proteins with 

quinones. The novelty of our model suggests a multitude of new experiments to 

test such intriguing hypotheses. 

During the final stages of preparation of this manuscript we have learned 

that Wolber and Steinback (1984) have proven that the tryptic peptide of the 

QS-protein which contains our presumptive quinone binding site also contains 

the major site for the covalent linkage between azidoatrazine and the herbi­

cide binding protein in thylakoid membranes. This result suggests that the 
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quinone binding site and the atrazine binding site in this protein are one and 

the same. 
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TABLE 1- Homology analysis of photosynthesis proteins 

Protein 1 : # of 1. Match/ 
Protein 2 Matches Unit Length NAS* #Gaps 

H L 48 18.91. 130 3 + 3 
L M 86 30051. 4 + 4 " L QB 71 25021. 199 4 + 2 
M QB 68 22.11. 6 + 2 

I.j 

*NAS = normalized alignment scores. See R.F. Doolittle, 1981. 

v 
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FIGURE LEGENDS 

FIGURE 1. A possible evolutionary tree for the'photosynthesis proteins. 

FIGURE 2. Sequence homology between L subunit and Qs thylakoid membrane 

protein and between M subunit and QS thylakoid membrane protein in the 

most highly conserved and presumptive quinone-binding regions. 

FIGURE 3. Proposed interaction between a quinone and the highly conserved 

amino acid sequence: proline - phenylalanine - histidine - methionine. 
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