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kow.lempemlure EPR ~pectr. of chromatBn ilranule membrane~ From bovine adrenal medulla reveal 3 different signals of the ferric ¢ylo~:hrom~ 
b..~61. A typical gz signal or a low-spin ¢ytoehrome observed ttl ~-.  3 ts comprised ~t'a hitch,potential compotlent with gz "3.14 and a low.potential 
one wltl~ g~ m ~t. I I, Ihe low, potential ~itlnal sltowin~ ~ignificantl~ faster rdaxatim~, In addition, a )tilll~by temperature.sensitive home sitlnal at g m 3,7 
is observed which is fully retained in the prepartttion Of i!ranole membranes with b.561 reduced by 50~ but di~api~ar~ upon full redu¢llOn of tl~e 
cytoehrome by ns¢orb;|t¢, The sign,I is strikingly similar to that of the mitoehondrial low.potential eytoehrom¢ b home (ht or/)-:~66), The presence 
of several forms of  h.$61 in chromalfin I~ranul¢ membranes may provide a structural basl~ ['~r the tmnsmen~hrane electron transfer believed to 

be catalyzed by this hemoprotein, 

ChromalBn ltranul¢: Cylochrome h.561; Electron paramagnetic resonance; Hemoprolein; Cateeholamine 

1. INTRODUCTION 

Cytocl~rome b-561 is believed to play a key role in 
electron transfer across membranes of chromaffin 
granules required for noradrenaline synthesis inside 
these specialized organelles of the secretory cells of the 
adrenal medulla [11. The mechanism of this process re- 
mains unknown. The cytochrome is a highly hydro, 
phobic hemoprotein with a molecular mass of ca. 30 
kDa and an amino acid sequence which shows no ap- 
parent homology with any other membrane-bound 
cytochrome b so far known and contains 6 typical trans- 
membrane co-helixes [2]. The cytochrome is character- 
ized by a rather high redox midpoint potential and an 
asymmetric absorption peak in the ~-band with a max- 
imum at 561 nm and a shoulder at approx, 558 nm 
[3,4]. 

In 1984, Abbs et al. [4] revealed the presence of two 
potentiometrically different forms of cytochrome b-561 
and reported the high- and low-potential components to 
have identical absorption spectra. Redox heterogeneity 
of b+561 in chromaffin granule membranes was con- 
firmed in this group [5], but in contrast to Abbs et al. 
[4] we found the high- and low-potential cytochrome to 
display a markedly different lineshape of their reduced 
minus oxidized difference spectra in the c~-band [6]. 
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In this work we report on the EPR characteristics of 
cytochrome b-561 which have not been studied earlier 
to the best of our knowledge, The data indicate clearly 
the presence of  multiple forms of  the cytochrome in 
CGM. 

2. M A T E R I A L S  A N D  M E T H O D S  

Chromaffin granule membranes were isolated from bovine 
adrenals accordmg to [7] and dialysed for 2 days against a 100.fold 
volume of a buffer containing 10 mM MOPS, 0,1 mM EDTA, pH 
7.2, with 5 changes of the buffer, After this treatment, about $010 of 
b,561 retained the reduced stale due to endogenous substrates; these 
membranes were considered as 'oxidized'. The reduction level of 
b-561 was adjusted by adding different concentrations of ascorbate, 
wh lie dithionite was used to ensure complete reduction and controlled 
in Aminco DW 2a or H itachl 557 spetrophotometers, An appropriate. 
ly reduced sample of CGM was transferred from a spectrophotometer 
cell (usually 2 mm optical pathway) to 4 mm tuner diameter quartz 
tubes and frozen in liquid nitrogen, EPR spectra were recorded i~ a 
'Radiopan SE/X 2544' spectrometer equipped with a custom-built 
cryostat for liquid helium temperature measurements, 

3. RESULTS 

Fig. IA shows a typical EPR spectrum of freshly 
isolated and dialyzed CGM at 30K. Besides the signals 
of copper at g=  2.06 add high-spin non-home iron at 
g=4 .3 ,  the spectrum shows a well resolved gz=3.12 
peak of  a low-spin cytochrome which can be attributed 
to ferric cytochrome b-561. The central component of 
the cytochrome spectrum at g - 2 . 1 4  is overlapped by 
the copper signal and the gx peak is too broad to be 
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Fig, 2, EPR ~peetra Of chromaff[n granule m~mbrane$ with 
cyto~hrome b.S6t fully oxidized (a) and half.redu~:ed (b). Ca) Condt. 
fion~ as in FIg, I ,  (b) The ~ampl~ wa~ adjusted wilh a~corbate io $0% 
redueUon or b.561 as monitored spectrophotomeirJcally in th© a- 

band. T ~ 25K. 
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Fig, 1. Low temperature EPR characteristics of the oxidized chromaf- 
fin granule membranes. (A) An overall EPR spectrum of the oxidized 
CGM at 30K. (B) Temperature dependence of' cytochrome b.561 g, 
EPR s)gnals in the oxidized CGM. The sample contained oxidized 
chromaffin granule membranes (cytochrome b-561 less than 5% 
reduced] at a concentration of 17 mg protein/ml in the medium con- 
taining 0.3 M sucrose, 30 mM MOPS, O.I mM EDTA, pH 7.2. EPR 
spectra were recorded at the indicated temperatures. Other condi- 
tions: microwave frequency, 9,304 GHz; modulation frequency, 100 
kHz; modulation amplitude, I roT; microwave power, 50 roW; time 
constant, I sl scan rate, 75 roT/rain. 16 spectra were averaged in each 

case. 

resolved accurately.  Reduction by  excess ascorbate  or 
dithionite resulted in a complete  d isappearance  o f  the 
cytochrom¢ signals. General ly the E P R  spectrum of  
b-561 is much like that  o f  cy tochrome  bs f rom liver 
microsomes recorded under  the same condit ions (data 
not  shown), 

Fig. IB shows the effects o f  t empera tu re  on the gz sig- 
nal of  the cy tochrome b-56! EPR signal. As the 
temDerature is lowered f rom 45K to 10K, the height o f  
the peak at g -  3 first increases, reaching a max imum at 
- 2 5 K ,  and then decreases again; concomitant ly ,  the 
peak  position shifts f rom 3.11 to 3.14. 

This effect indicates the g - 3  peak of  cy tochrome 

b-561 to be comprised o f  at least two  components with 
s l ight ly  dif ferent g~ factors and s igni f icant ly  d i f fe rent  
relaxat ion characteristics, the higher f ield component 
sa tura t ing more easily, 

In addition to the effect on the 0°--3 peak,  lowering 
the temperature  reveals an addi t ional  highly asym- 
metr ic  EPR signal with g = 3 . 7 0  which is strikingly 
s imilar  to the g~ signal o f  the mi tochondr ia l  [8-10] and 
bacterial  chromatophore  [I I] low,potent ia l  cy tochrome 
b heine (bL or b-566), 

It was of  obvious interest to relate the different  EPR 
signals of  cy tochrome b-561 to the high- and low- 
potent ia l  forms of the cy toch rome  observed in redox 
t i t ra t ions  with the use o f  optica] absorp t ion  spec- 
t roscopy  [4,5]. As shown in Fig. 2, reduct ion o f  C G M  
cy tochrome  b-561 by 50°70 results in a significant 
decrease of  the g -  3 peak height (about  3-fold at 25K) 
with a concomitant  shift o f  the peak posit ion to higher 
field similar to the shift observed upon raising the 
t empera tu re  (cf. Fig. I B). On the other  hand ,  the 
g = 3. ' /0 signal is not affected appreciably .  

These data indicate that  the high-potent ia l  f o rm of 
b-561 corresponds to the rapidly relaxing componen t  
with gz = 3,14, whereas the low potent ia l  species is com- 
p r i sed  o f  the more  slowly relaxing heine with g = 3. I I 
and  an additional heine centre w i th  the unusual  b-565- 
like EPR signal with g = 3 . 7 0 ,  which is extremely 
temperature-sensi t ive.  

Comple te  resolution and quant i f ica t ion  o f  the 3 
signals based on a detailed analysis o f  their t empera tu re  
dependence  will be  described elsewhere.  Prel iminary 
est imates indicate the 3 c o m p o n e n t s  to be present  in a 
rough ly  I : l : I s toichiometry.  
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4, DISCUSSION REFERENCES 

Cytochrome b,561 is believed |o carry OUt the dec- 
Iron transfer across the chromaffln granule membrane 
required for the regeneraliom of reduced ascorbate in. 
side the =ranul©s [I,12], 

Apparently, the idea Of the transmcrnhrane electron 
transfer has been borrowed from the 'relax loop' con- 
cept of Mitchell developed with respect to the mito- 
chondria[ and photosynth¢liC redox chains [13,14I, 
Although vectorial electrogenic electron transfer steps 
have been identified in the ease of  bacterial photosyn- 
thetic reaction centres [14-16] and are very likely to be 
inherent to the cytochrome complexes of the respiratory 
chain (see [18] for review), in neither case the trans- 
membrane charge separation is catalyzed by a single 
redox centre.containing protein. 

Accordingly, it is not ¢a~sy to visualize transmem- 
brane electron flow mediated by cytochrome b-561, the 
latter being a single.lleme protein homogeneously 
oriented in the membrane. A possibility Ofb-561 being 
a two-hem© protein analogous to the mitochondria[ 
cytochrOme b was considered recently [19], 

The present data dearly show that viewing cyto- 
chrome b-561 as a single cytochrome species in CGM is 
probably an oversimplification. The presence of multi- 
ple forms of  cytochrome b-~61 heme revealed in CGM 
by redox titrations [4,S], optical absorption [61, and 
now by EPR spectroscopy, inay provide a clue towards 
the understanding of the cytochrome operation as the 
transmembrane electron carrier in these organelles and 
questions the validity of the molecular structure of  this 
hemoprotein suggested in [2]. This structure, assuming 
histidine-113 and methioninc-52 as the axial ligands of  
cytochrome b-561 heme iron, is also in conflict with the 
optical and magnetic circular dichroism spectral charac- 
teristics of  b-561 which point to His-His ligation of the 
heme iron and definitely exclude methionine coordina- 
tion to the heme iron [20]. 

(11 Nju.. D., K,elley, P.M. and Hatnadek. G,I, (19t16) Biochim, 
BIophys. Acl~ 85], Z]?-~6L 

12j Perin, M,S,, Fried, V.A,, Slaughter, C,A, and Sudhor. T.C. 
(198~) EMIIO J. 7, 269%270), 

I~l Flatmark, T. ~tnd Tefl~nd. O, O971) [~lochim. Bioohyl. A¢Ia 
226, 63=80. 

[4] Abbs. D,K,, Boisda~r, H,D,, G~vine, F,S, tlnd Pelligrew, G.W, 
11984) Blot:him. BiOphy~. ̂ ¢t=t "/64. B-16. 

[:~] Ksenzenko, M.Yu.. gamenskly, Yu.A.. Chertkova, E.t,, 
Surkov, S,A,, Arutjunj=n, A.M. and Konslantlnov, A,A, 11986) 
EBEC R~potts, vol. 4, p, 161, Consress Edn, Prague. 

[6] gamcnskly, Yu.A., Anltjunjan, A,M,, Konstaalinov, A,A,, 
Morox, I,A, 0rid Barbary. D.SI~. 11989)in; Molecular Orilantza. 
lion of BIolollicat Structures, Moscow, Acad, $¢i, USSR Edn, p, 
I?, 

[7] Terland, O, and Flatmtlrk, T. (1980) Bioch[m. Biophys. A¢ia 
sg?, 318-3:KI. 

[8] Orme-Johns0n, N.R,, Hansen, R,E, and Beiner¢, H. 09?4) 
Blochem, Biophys, Res, Commun, 45, 8"/1-8"/8. 

[9] De Vri~s. S,, Albracht. S,P,J. and Leeuwerik, F J. (1979) 
Biochim, Bioplws. Acta 546, 316.333. 

it0] Salerno, J (t984) J. Biol Chcm, 259, 2~31-2336, 
[! 1] McCudey. 3,P,, Miki, K,, Yu, L. and Yu, C,-A. 11990) Biochim, 

Biophys. ACla 1020, 1'76-186, 
[12] Srivastava, M,, Duong, L.T. and Fleming, P.J. 11984) J. Biol, 

Chem 259, SO?2-80?S, 
[13] MRchell. P, (1968) Chemiosmotic Coupling and Energy 

Transduction, Glynn Research, Bodmin, UK, 
[14] Mitchdl, P. 119"1"/)Ann~a, Rev. Biochem, 46,996-1005, 
[15] Deisenhofer, 3.. Epp, O., Miki, R,, Huber, R. and Michel, H, 

(1985) Nature 318, 618-624. 
[16] Deprez, J., Trissl, H,W, and Breton, J, (1986)Proc. Nail, Acad. 

Sci. USA 83. 1699-1703, 
[ 1 ?] Drachcva, S,M,, Drachev, L.A., Konstantinov, A,A., Semenov, 

A.Yu,, Skulachev, V.P., ArutjunJan, A.M,, Shuvalov, V,A, 
and Zaberezhnaya, S,M. (1988) Ear. J. Biochem, 171,253-264. 

[181 Skulachev, V,P. (1988) Membrane Bioenergetics, Springer, 
Berlin, 

[19] Degli Esposti, M., Kamenskiy, Yu,A,, Arutjunjan, A,M, and 
Konstantinov, A.A, (1989) FEBS Left, 254, 74-78. 

[20] Kamenskiy, Yu,A., Arutjunjan, A,M., Ksenzenko, M.Yu,, 
Chertkova, E.I. and Konstantinov, A.A. (1990) Biolog. Membr. 
(Moscow) 3, 443-447. (Engl. Transl.: Biol Membr, 1990, vol. 
4(4), 667-671, Harwood Publishers.) 

Acknowledgements: We are grateful to Drs Marina Ksenzcnko and 
Lena Chertkova for their help during the initial period of our ex- 
periments with CGM. Thanks are also due to Dr A,M, Arutjunjan for 
many helpful discussions and to Prof, V.P. Skulachev for his interest 
in this work and reading the martuscript. 

99 


