
592 PRELIMINARY NOTES 

7 J. G. CALVERT AND J. N. PITTS, JR., Photochemistry, Wiley, New York, 1966, p. 429. 
8 P. HEMMERICH, W. WALKER AND V. MANSEY, ISt Deut. Heterocyklisches Syrup., Stuttgart, I966. 
9 J. C. CALVERT AND J.  ~N. PITTS, JR., Photochemistry, Wiley, New York, 1966, p. 783 . 

io  O. WELLNER AND A. MEISTER, J. Biol. Chem., 235 (196o) 2Ol 3. 

Received February i6th, 1967 

Biochim. Biophys. Acta, 131 (1967) 589-592 

BBA 41 106 

Electron spin resonance of cy tochrome  b 2 and of  cy tochrome  b 2 core 

The ESR spectra of several haem proteins have been measured and information 
concerning their structures has been obtained z-3. Very recently, EHRENBERG AND 
BOIS POLTORATSKY 4,5 have made a detailed study, by this method, of cytochrome b5 
of liver microsomes at various pH. They have found, at neutrality, a main low-spin 
component with g values of 3.03, 2.23 and 1.43 and a small portion of a high-spin 
signal at g = 6.2. In alkaline medium (pH 12) they observed a narrowing of the low- 
spin absorption with limiting g values of 2.82, 2.28, 1.68 simultaneously with a con- 
siderable increase of the high-spin absorption. 

I t  is known that  cytochrome b 2 (L-lactate cytochrome c oxidoreductase, EC 
I.I.2.3), first crystallized from yeast by  APPLEBY AND MORTON 6, has a molecular 
weight of 183000 according to the method of ultracentrifugation diffusion 7 and 
contains two moles of haem and two moles of flavin mononucleotide. A low molecular 
weight derivative, the cytochrome b 2 core (noyau cytochromique b2, cf. ref. 8) has 
been obtained either following trypsic hydrolysis (" t"  type) or in the supernatant 
upon recrystallisation of cytochrome b 2 in the oxidised form ("s" type) 9. These types, 
which appear to be very similar, were purified and it was confirmed that  they have 
a molecular weight of about ILOOO and carry one haem groupS, 9 but no flavin. In 
many  respects, this cytochrome b 2 core very closely resembles cytochrome b51°,5: it 
has the same molecular weight, the same positions for the haem peaks in the ab- 
sorption spectrum, the same absorbance coefficients and about the same redox 
potential. 

The ESR study of cytochrome b e and of the cytochrome b 2 core was therefore 
performed to facilitate a comparison with cytochrome b 5 and also to elucidate whether 
the presence of flavin modifies the spectra of the former; by  changing the pH, the 
dissociation of protons which control the state of the haem can be studied. 

The cytochrome b~ used in this experiment was crystallised by the method of 
APPLEBY AND MORTON 6. Cytochrome b2 core ("s" type) was prepared by the method 
of IWATSOBO et al.9, zz and lyophilised. For the ESR measurements, crystalline cyto- 
chrome b 2 was packed in an ESR quartz tube (diameter, 3 mm) by centrifugation, 
and lyophilised cytochrome b 2 core was dissolved in o.I ml of o.I M phosphate buffer 
(pH 7.o). The pH was measured by a Beckman one-drop glass electrode after addition 
of acid or alkali. A Varian V-45o2 E P R  spectrometer was used at liquid-nitrogen 
temperature for the ESR measurements. 

As shown in Figs. I and 2a, the ESR spectra of cytochrome b 2 and of cyto- 
chrome b 2 core at neutral pH are virtually identical and the g values of these two 
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species are estimated to be 2.99, 2.28 and 1.49. These signals are due to a low-spin 
state of the ferric ion. Thus, haem iron in both these cytochromes has a strong ligand 
field, which means that  the energy separation between the de and d 7 orbitals is quite 
large and that  these ligand fields are due to fifth and/or sixth coordination. From 
the above results, one can conclude that  the flavin moiety does not affect the haem 
molecule, as has been suggested previously by spectral and oxidation-reduction 
observations TM. 

When the pH was increased, two different kinds of low-spin signals appeared 
successively in alkaline medium for the cytochrome b 2 core, as shown in Figs. 2b 
and 2c: one at pH 11.5 whose g values are 2.44, 2.16 and 1.91 and the other at pH 12.1 
with the g values 2.7 o, 2.24 and 1.75. Comparison of the latter values with those 
for the alkaline kind of cytochrome ba (low-spin state), seems to reveal a great simi- 
larity (g --~ 2.82, 2.28 and 1.68 according to EHRENBERG AND BOIS POLTORATSKY). 

Furthermore, the spectrum at pH 11. 5 showed the high-spin signal in the g = 6 
region analogous to that  observed by the same authors for cytochrome bs; this signal 
increased at pH 12.5. As the ESR of free haematin in alkaline medium represents 
a high-spin state, the high-spin signal observed at high pH could be due to free haem. 
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Fig. I. E S R  spec t rum of cy toch rome  b 2. Crys ta l l ine  cy tochrome  b 9 was  packed  in to  a qua r t z  tube  
a t  a concen t ra t ion  of abou t  3 ° mg/ml .  E S R  m e a s u r e m e n t  was per formed a t  l iqu id-n i t rogen  
t e m p e r a t u r e  and  a t  i m W  power.  The ca l ib ra t ion  of the  magne t i c  field was measured  wi th  
d ipheny ld ip i c ry lhyd razy l .  Microwave f requency  = 9.2" lO 9 cycles/sec. 

Fig. 2. E S R  spec t rum of cy toch rome  b 9 core a t  var ious  p H  values.  The concen t ra t ion  of the  cy to -  
chrome b 9 core was  a b o u t  ioo  mg/ml .  The e xpe r im e n t a l  condi t ions  are the  same as those  of Fig. I .  
The curved  ar row indica tes  the  h igh-spin  s ignal  g = 6; the  s t r a i g h t  arrows ind ica te  the  low- 
spin signal.  

In view of the similarity between the b5 and b~ core cytochromes it would be 
worthwile to examine whether the differences observed in the number of low-spin 
states (two for bs, three for b2) as a function of pH can be confirmed. 

A possible explanation for the two successive low-spin states with increasing 
pH could be the successive breakage of the two iron-protein bonds associated with 
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ionization of the ligands; the pK values could be estimated as lO. 7 and 12.1, 
respectively. However, the latter is so high that  it is likely to represent an indirect 
effect correlated with protein denaturation. 

We are grateful to Dr. P. Dovzo~, for kindly placing an ESR Varian instrument 
at our disposal and for his interest in this work and discussions about the manuscript ; 
we are also indebted to Dr. M. IWATSVBO for helpful advice on this research. 

This work was supported by grants from the D~lGgation GGndrale ~ la Recherche 
Scientifique et Technique (Comit6 de Biologie MolGculaire). 

Service de Biophysique, HIROSHI WATARI* 
Institut de Biologie Physicochimique, OLGA GROUDINSKY 
Paris (France)** FRAN~OISE LABEYRIE 

I A. EHRENBERG, Arkiv Kemi, 19 (1962) 119. 
2 M. KOTANI, Progr. Theoret. Phys. Kyoto, Suppl.  17 (1961) 4. 
3 H. WATARI, I~. J. HWANG, K. KIMURA AND I{. MURASE, Biochim. Biophys. Acta, 12o (1966) 131. 
4 A. EHRENBERG AND R. BOlS POLTORATSKY, in B. CHANCE, R. W.  ESTABROOK AND T. YONETANI, 

Hemes and Hemoproteins, Academic Press, New York, 1967, 462. 
5 R. BoIs POLTORATSKY, Thesis, Paris, 1966. 
6 C. A. APPLEBY AND R. K. MORTON, Bioehem. J., 21 (1959) 492. 
7 J. McD. ARMSTRONG, J. ]-I. COATES AND R. K. MORTON, Biochem. J., 86 (1963) 136. 
8 F. LABEYRIE, O. GROUDINSKY, Y. JACQUOT-ARMAND AND L. •ASLIN, Biochim. Biophys. Acta, 

128 (1966) 492 . 
9 M. ]WATSUBO AND A. DI FRANCO, in preparation. 

IO P. STRITTMATTER, J. Biol. Chem., 235 (196o) 2492. 
11 F. LABEYRIE, A. DI FRANCO, M. IWATSUBO AND A. BAUDRAS, Biochemistry, in the press. 
12 A. ]3AUDRAS, Bull. Soc. Chim. Biol., 47 (1965) 1449. 

Received February 27th, 1967 

* Present  address:  Depar tmen t  of Physicochemical  Physiology, Medical School, Osaka Uni- 
versity, Osaka, Japan.  

** postal  address:  Service de 13iophysique, Ins t i tu t  de Biologie Physicochimique, 13 Rue 
Pierre Curie, Paris 5~me, France. 

Biochim. Biophys. Acta, 131 (1967) 592-594 

BBA 41 105 

Oxygen evolution by isolated chloroplasts with carbon dioxide as the 
hydrogen acceptor. A requirement for orthophosphate or pyrophosphate 

Chloroplasts isolated in sugar media and incubated under aerobic conditions 
in the presence of bicarbonate will evolve oxygen in the light at rates comparable to 
those obtained in the presence of artificial hydrogen acceptors 1. Simultaneous measure- 
ments of oxygen and carbon dioxide gave parallel progress curves, each with an initial 
lag, and values in agreement with the fixation of one molecule of carbon dioxide for 
each molecule of oxygen produced. In the absence of added bicarbonate, oxygen 
evolution started but fell off and ceased as the endogenous carbon dioxide became 
exhausted. At this point evolution could be restarted by the addition of bicarbonate 1. 
Fig. I shows a comparable requirement for Pt by chloroplasts prepared and incubated 
in phosphate-free media. Again, oxygen evolution started after an initial lag but then 
fell off, presumably as the endogenous phosphate was utilised. When net evolution 
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