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Abstract

Dodecaheme cytochrome ¢ has been purfied from
Desulfovibrio (D.) desulfuricans ATCC 27774 cells grown
under both nitrate and sulfate-respiring conditions. Therefore, it
1s likely to play a role in the clectron-transfer system of both
respiratory chains. Its molecular mass (37 768 kDa) was
determined by electrospray mass spectrometry. Its first 39
amino acids were sequenced and a motif was found between
amino acids 32 and 37 that seems to exist in all the
cytochromes of the ¢; type from sulfate-reducing bacteria
sequenced at present. The midpoint redox potentials of this
cytochrome were estimated to be —68, —120, -248 and -310 mV.
Electron paramagnetic resonance spectroscopy of the oxidized
cytochrome shows several low-spin components with a g,
spreading from 3.254 to 2.983. Two crystalline forms were
obtained by vapour diffusion from a solution containing 2%
PEG 6000 and 0.25-0.75 M acetate buffer pH=5.5. Both
crystals belong to monoclinic space groups: one is P2;, with
a=61.00,h=106.19,c=82.05A, fi= 103.61°, and the other is
C2 with a=152.17, b=9845 ¢=89.24A, [=119.18.
Density measurements of the P2, crystals suggest that there
are two independent molecules in the asymmetric unit. Self-
rotation function calculations indicate, in both crystal forms, the
presence of a non-crystallographic axis perpendicular to the
crystallographic twofold axis. This result and the calculated
values for the volume per unit molecular weight of the C2
crystals suggest the presence of two or four molecules in the
asymmetric unit.

1. Introduction

Heme proteins have an important role in many metabolic and
biochemical pathways. They range from myoglobins and
hemoglobins as oxygen storage and transport proteins through
electron-transfer cytochromes, with one or more hemes, to a
vast array of other proteins, some with enzymatic activity,
containing only heme groups or hemes and other prosthetic
groups. This rather ubiquitous use of the heme group in
biochemical reactions suggests a great functional flexibility for
this structure. In particular this is demonstrated by the
cytochrome ¢ family, which have midpoint redox potentials
ranging from —400 to 500 mV (Pettigrew & Moore, 1987,
Coutinho & Xavier, 1994).

A considerable amount of research has been invested in the
determination of the crystal structures (Higuchi, Kusunoki,
Matsuuna, Yasuoka & Kakudo, 1984; Matias, Frazio, Morais,
Coll & Carrondo, 1993; Czjzek, Payan, Guerlesquin, Bruschi,

© 1996 International Union of Crystallography
Printed in Great Britain - all rights reserved

Haser, 1994; Morais et al., 1995; Matias, Kissinger, Carrondo,
Le Gall & Sieker, 1994, Matias et al., 1996) and function
studies (Coutinho & Xavier, 1994) of four-heme cytochromes
¢3. The so-called cytochromes c¢3 (M, = 26 000) (Bruschi, 1994)
that have been found in D. gigas (Bruschi, Le Gall, Hatchikian
& Dubourdieu, 1969) and in Desulfomicrobium (Dm) baculatus
Norway 4 (Guerlesquin, Bovier-Lapierre & Bruschi, 1982)
(formerly called Desulfovibrio desulfuricans Norway 4) are
actually dimers and should be considered as a new family of
tetraheme cytochromes analogous to cytochrome c3. The X-ray
crystal structure of the Dm baculatus protein is known (Czjzek,
Payan & Haser, 1994) and a preliminary report on the
crystallography of the D. gigas cytochrome has been published
(Sieker, Jensen & Le Gall, 1986).

Besides the dimeric tetraheme cytochromes mentioned above
the structures of cytochrome ¢ containing more than four
hemes, such as the hexaheme protein from D. desulfuricans
which has nitrite reductase activity (Liu, Costa & Moura, 1994),
as well as the hexadecaheme cytochrome which has been found
in D. vulgaris strain Hildenborough (Higuchi, Inaka, Yasuoka
& Yagi, 1987) and strain Miyazaki (Higuchi, Yagi & Voordouw,
1994) and in D. gigas (Chen, Pereira, Teixeira, Xavier & Le
Gall, 1994) are still unknown. However, a preliminary report
has been published on the crystallization of the D. vulgaris
Hildenborough protein (Higuchi et al., 1987). Herein we report
preliminary crystallographic and structural studies on a
dodecahemic cytochrome ¢ (M,=37768), which has been
isolated only from D. desulfuricans ATCC 27774 (Liu et al.,
1988). Very similar amounts of the protein were obtained from
cells grown either in sulfate or nitrate-respiring conditions,
indicating that this- cytochrome is constitutively synthesized
under both growing conditions and therefore likely to be an
important electron carrier in both systems.

This cytochrome has been classified as one of the ¢ type,
since all 12 hemes appear to be covalently bound to the unique
polypeptide chain. The number of cysteine residues, 26,
determined from amino-acid analysis, is compatible with this
classification. In addition, since no significant visible absorp-
tion was observed at 695 nm, it can be suggested that for the
majority of the heme groups, the fifth and sixth ccordination
positions must be occupied by histidines and not by histidine-
methionine residues.

The molecular mass was previously determined by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) with and without removing the heme groups and
confirmed by gel filtration as a monomer 27 774 (Liu et al.,
1988), giving a value of 40 800 Da.
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The complete reduction of this cytochrome is possible after
the addition of some crystals of sodium dithionite but not with
ascorbate, which implies rather negative values for its midpoint
redox potentials.

The determination of the three-dimensional structures of
these high-heme content cytochromes is interesting as it will
allow the analysis of possible interactions with redox partners,
and will also expand our knowledge on the inter- and intraheme
electron transfer of multihemic cytochromes.

2. Methods

2.1. Protein purification and crystallization

Cells were grown and the dodecahemic cytochrome purified
following the protocol previously described (Liu et al., 1988).
The purity of the protein solution was checked by SDS-PAGE.
In order to concentrate the protein solution to 10 mgml ™', the
necessary final concentration for the crystallization procedure,
it is necessary to decrease the ionic strength of the solution. As
the protein seems to behave differently with time an additional
step of gel-filtration chromatography with Superdex-75 was
carried out when the crystallization did not produce crystals as
good as those obtained from a fresh solution.

Crystallization conditions were screened using the hanging-
drop vapour-diffusion method, but larger crystals could only be
grown using the sitting-drop technique. The composition of the
crystallization  solution is: polyethylene glycol 6000,
2-10%(w/v), 0.25-0.75M sodium acetate buffer, pH 5.5.
Each drop was prepared by mixing 10 pl of the protein solution
with the same amount of the crystallization solution on a
polystyrene microbridge (DROP, Devis Realization Outillage
Precision, Grenoble), and was equilibrated by vapour diffusion
against 700 pl of the solution contained in the reservoir of a
Linbro tissue-culture plate. The well was covered with a glass
coverslip and sealed with silicone grease. The crystallization
assays gave better results at 293 K.

-
12 hemes D. d. AALEP[TDSGAPSA
4 hemes D. v. H. APKAIPIADGLKEAK
4 hemes D. v. M APKAEADGLKMDK
4 hemes D. g. VDVIPADGAKIDF
4 hemes D. d. 27774 APAVIPINKPVEVKG
4 hemes Dm. b. N ADAIPIGDDYVISA
4 hemes D. s. VDAéADMVLKAP
4 hemes D. d E. A. VoADMY IKAP
16 hemes D. v. H. ALéEGPGEKRA
16 hemes D. g. ATPGéASTAEPKV
2x4 hemes Dm. b. ETFEILIiESVTMSPK
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2.2. Protein characterization

The molecular mass of the multiheme cytochrome was
determined on a VG Bio-Q triple quadrupole mass spectrometer
(Fisions Instruments, Altrincham, UK). The sample (10ml
containing 100 pmol of protein) was dissolved in acetonitrile/
water/formic acid (50:49:1) and introduced in the electrospray
mass spectrometer at a flow rate of 6 ml min~'. The capillary
voltage was set at 3.50 kV and the cone voltage was 5 V. Scans
ranging from 600 to 1500 Da were accumulated during two
minutes at a scan time of 9s. The mass spectrometer was
calibrated using horse myoglobin.

The N-terminal sequence was determined by the method of
Edman & Begg (1967) using an Applied Biosystem sequencer
model 470A.

The determined N-terminal sequence was aligned against
several other cytochromes of the ¢; type. The overall alignment
was obtained considering the known three-dimensional data for
the sequences (Fig. 1) as performed by Palma et al. (1994). The
other sequences were then aligned in accordance with this
pattern. The open boxed region indicates an area of great
structural flexibility in those four cytochromes of known three-
dimensional structure, where this region corresponds to loops of
different sizes; these were omitted from the alignment
algorithm. The insertions shown are in arbitrary positions.

Analytical thin-layer electrofocusing in polyacrylamide gel
was used to estimate the isoelectric point and purity of the
cytochrome on a LKB Multiphor apparatus (Vesterberg, 1972).
A pH gradient between 2.5 and 8.0 was achieved using
ampholines.

2.3. Redox titration

Redox titration was performed on the multiheme cytochrome
in 100mM Tris-HCIl, pH 7.6, in the presence of redox
mediators (10 mM each), as previously described for nonheme
iron protein titrations (Moura, Xavier, Cammack, Bruschi & Le
Gall, 1978), under anaerobic conditions in an optical redox cell

IVMFPVGEKPNPKGAAM

LT

K T

PEGMKAKPKGDKPGALQKT

AGAKMTKAP

AGAKVTK

A P
--DLIEIGAMERFGKLL[PK

~-ILIVGELAVGFGKLEM|PF

QFEGYTPKKI|GD AS ¢ <

Fig. 1. The alignment of the N-terminal portions of several cytochromes. In grey the similarity areas. In bold and italic, the conserved
amino acids. The sequences of the four-heme cytochromes isolated from D. vulgaris Miyazaki, D. gigas, D. desulfuricans 27774 and Dm.
baculatus Norway 4 were aligned based on their three-dimensional structures. The open-boxed region indicates an area of great flexibility
not submitted to any kind of alignment algorithm. 12 hemes D. d., dodecaheme cytochrome from D. desulfuricans ATCC 27774; 4

hemes D. v. H., cytochrome c; from D. vulgaris Hildenborough: 4

hemes D. v. M., cytochrome c; from D. vulgaris Miyazaki; 4 hemes

D. g., cytochrome c; from D. gigas: 4 hemes D. d. 27774, cytochrome c; from D. desulfuricans ATCC 27774; 4 hemes Dm. b. N.,
cytochrome c¢; from Dm. baculatus Norway 4; 4 hemes D. s., cytochrome c; from D. salexigens; 4 hemes D. d. E. A., cytochrome ¢,
from D. desulfuricans El Agheila; 16 hemes D. v. H., high-molecular-weight cytochrome (Hmc) from D. vulgaris Hildenborough; 16

hemes D. g., high-molecular-weight cytochrome (Hmc) from D.
baculatus Norway 4.

gigas; 2 x 4 hemes Dm. b. N., dimeric cytochrome ¢, from Dm.



1204

by a method slightly modified from the design of Dutton
(1971). The cell, containing a volume of 3 ml, was kept under a
continuous stream of argon gas. The potential was varied by the
injection of appropriate amounts of deaerated 3 mM sodium
dithionite and measured with a Crison Micro pH2002 digital
pH meter. Optical spectra were recorded throughout the titration
on a UV/Vis Shimadzu UV-265 spectrophotometer.

2.4. EPR spectroscopy

Electron paramagnetic resonance (EPR) spectroscopy was
performed on a Bruker ER 200Ctt spectrometer equipped with an
Oxford Instruments ESR910 continuous-flow helium cryostat.

2.5, Crystallographic diffraction data collection and evaluation
The diffraction data were collected using an Enraf~Nonius
FAST area detector diffractometer coupled to an Enraf-~Nonius
FR-571 rotating-anode generator. opecrated at its maximum
power (45kV'99mA) and equipped with a graphite mono-
chromator. using Cu Kx (/= 1.5418 A) radiation collimated at
0.3 mm. The parameters used for data collection on both crystal
forms are summarized in Table 1. In order to optimize the
statistical quality of the data, crystals had their twofold
crystallographic axis almost aligned with the ) axis.

Preliminary unit-cell dimensions and space group were
obtained by an autoindexing procedure. In order to obtain
unique data scts as complete as possible, separate measure-
ments were carried out varying the orientation of the crystal
relative to the beam. Intensity-data measurements and indexing
of reflections were made using the program MADNES
(Pflugrath & Messerschmidt, 1989) after profile fitting by the
average spot-profile algorithm. The intensity data were
converted to the CCP4 package (Collaborative Computational
Project, Number 4, 1994), the four separate data sets were
scaled and merged together, and finally, the intensities were
truncated to structure-factor amplitudes.

The diffraction symmetry pattern of the P2, crystals was
recorded by precession photographs obtained from the same
source operated at 40 kV, 75 mA and an Enraf-Nonius FR-504
precession camera. The X-ray radiation was filtered with a
nickel filter and collimated with a 0.3 mm collimator. The two
zero-layer precession photographs were separated by 90 about
the spindle axis. one precessing around the b axis and another
precessing around the ¢ axis, with a precession angle. g, of 107,
in each case. The crystal was exposed for about 15h, the
crystal-to-film distance was 100 mm and a screen with radius of
1 ¢cm was used at a distance from the crystal equal to 56.8 mm.

2.6. Crystal density measurements

The number of protein molecules per asymmetric unit in the
P2, crystal form was calculated from measurements of the
crystal density. The crystal density determination used a Ficoll
(Pharmacia) gradient calibrated with glass spheres of known
density following the procedure described by Bode & Schimer
(1985).

2.7. Self-rotation function calculation

The presence of a non-crystallographic symmetry axis
relating the molecules in the asymmetric unit was detected by
the examination of the self-rotation function, performed using
two different programs and spherical polar coordinates («,@,x):
PROTEIN (Steigemann, 1974) and POLARRFN (Collaborative
Computational Project, Number 4, 1994). The solutions
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Table 1. Parameters used for data collection on each crystal

form

Crystal forms
Data-collection parameters 2 P2,
Crystal-to-detector distance (mm) 60 75
Swing angle between the detector and 0 15

the beam ()

Rotation scans around () 0.1 0.15
Exposure time per frame (s) 45 60

obtained were confirmed for different Patterson radii and
resolution ranges. The absence of a non-crystallographic binary
axis parallel to the twofold crystallographic axis was confirmed
by the analysis of the Patterson function, calculated with FFT
(Collaborative Computational Project, Number 4, 1994).

3. Results and discussion

3.1. Biochemical characterization and N-terminal sequence
compuarisons

The purified dodecaheme cytochrome ¢ shows a single band
on 12.5% SDS--PAGE gel confirming its purity. The molecular
mass previously determined by SDS (M, = 40 800) was now
redetermined by clectrospray mass spectrometry giving the
value 37 768 Da. The isoclectric point of the cytochrome was
found to be 5.21.

The first 39 N-terminal amino acids of the dodecaheme
cytochrome ¢ were sequenced and compared with several four-
heme c¢-type cytochromes from sulfate-reducing bacteria
namely the cytochrome ¢ from D. vulgaris Hildenborough,
D. vulgaris Miyazaki, D. gigus, D. desulfuricans ATCC 27774,
Dmt baculatus Norway 4, D. salexigens and D. desulfirricans El
Agheila, and two hexadecaheme c-type cytochromes from D.
vilgaris  Hildenborough and D. gigas, and the dimeric
tetraheme c-type cytochromes from Dm baculanis Norway 4.
All the sequences were cxtracted from the Swiss-Prot 31
Database, April 1995 (Bairoch & Boeckmann, 1991) using the
PC-GENE 6.85 software package (Intelligenetics, Inc., 1992).

This comparison showed an extremcly conserved pattern -
VXFXH - immediately before the first heme-binding motif as
well as an initial proline restdue that is conserved. This
similarity is even higher between the dodecaheme cytochrome
and the two cytochromes ¢; from D. virlgaris Hildenborough
and Miyazaki in which the pattern i1s fully conserved and
becomes PVVFNH (Fig. 1). The position of this phenylalanine
in the three-dimensional structures suggests a functional
importance for this residue in the electron-transfer process
(Moore & Pettigrew. 1990). Another intercsting conclusion
resulting from these comparisons is that the Dm haculatus
Norway 4 dimeric cytochrome N terminal is different from all
others, including the D. desulfuricans 12-heme protein. Indeed,
all these cytochromes, except the dimeric one, possess an N-
terminal sequence which is compatible with the presence of a
signal peptidase cleavage site as defined by Le Gall & Peck
(1987). There is no indication concerning the localization of the
Dm baculatus dimeric cytochrome. However, the analogous
protein from D. gigas has always been found in the cytoplasmic
fractions of the cell extracts (Le Gall, Payne, Chen, Liu &
Xavier, 1994): the N-terminal sequence of these cytochromes
could be very significant as far as their localization and
functions are concerned. The rescmblance between the N
terminals of the hexadecaheme cytochromes from D. vulgaris
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and D. gigas and the dodecaheme protein in D. desulfuricans is
also interesting. Although no high-spin heme has been found in
the latter, in contrast to what is found in 16-heme cytochromes
(see EPR results below) and that high yields of the protein are
always obtained whatever growth conditions are used, the
possibility of the 12-heme being a degradation product of a yet
undetected 16-heme cytochrome cannot be discarded entirely.

3.2. Redox potentials

The reduction potentials for the dodecaheme cytochrome ¢ at
pH 7.6 were estimated measuring visible absorbance changes at
553 nm as a function of the solution redox potential (Fig. 2).
The experimental curves were adjusted with four Nernst
equations, with redox potential of —68, —120, —248 and
=310 mV, in a ratio of 2:1:5:4.

3.3. EPR spectroscopy

The EPR spectroscopy of the oxidized dodecaheme cyto-
chrome (Fig. 3) shows several low-spin components with g,,.x
values ranging from 3.254 t0 2.983. A gyeq 0f 2.250 and a gpin
of 1.515 are also observed and correspond to the gp.x 2.983.
The spectrum resolution does not allow the deconvolution of

-
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Fig. 2. Visible redox titration curve of the dodecaheme cytochrome. The
curve is the result of the fitting of four independent Nernst equations
using E, =68, E,=-120, E;=-248, E,=-310mV. Absorbance
was measured at 553 nm.

2.983

2.250

1.515

10mT

Magnetic field —>

Fig. 3. EPR spectrum of the oxidized dodecaheme cytochrome.
T=12K; microwave power=0.2mW; modulation amplitude
=1 mT; frequency =9.525 GHz.
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the 2.983 gn.x region into several low-spin components.
However, it is possible to identify in the spectrum that some
of the hemes have a g, around 3.254, a value closer to a more
axial ligand field which for a bis-histidine ligation indicates a
non-coplanarity of the imidazole planes.

3.4. Crystallization of dodecaheme cytochrome ¢

Crystals of the two forms, rectangular prisms and long
needles, were obtained in each drop, in different proportions,
depending on the concentration of acetate buffer used. With a
lower concentration of buffer more needle-shaped crystals were
formed, their number decreased gradually until the 0.75 M
buffer concentration was reached. At the higher buffer
concentration used, 0.75M, only rectangular prisms were
obtained. Usually a cluster of long needles grows from the
same nucleus. In some drops it was possible to obtain large
enough needles (0.6 x 0.2 x 0.15 mm) to record their diffrac-
tion pattern. This crystal form appears before the rectangular
prisms and reaches its maximum size faster. The rectangular
prisms took about 2—6 d to appear and 2-3 weeks to reach their
maximum size (1.0 x 0.6 x 0.6 mm). The morphology of both
crystal forms is illustrated in Figs. 4(a) and 4(b).

(a)

(b)

Fig. 4. Crystals of dodecaheme cytochrome ¢ from D. desulfuricans
ATCC 27774: (a) C2 needle crystals, (b) P2, rectangular prims.
Approximate length of the largest crystal with rectangular prism
shape is 1.0 mm.
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3.5. Characterization of the crystals, X-ray data collection and
evaluation

The rectangular prisms belong to the monoclinic system and
from the systematic absences it was possible to determine the
space group as P2,. This space group is confirmed by the
precession photographs (Fig. 5), which show the existence of a
binary symmetry axis visible in the 40/ plane and the systematic
absences (k=2n+ 1) along the b* axis on k0 plane.

(a)

(b)

Fig. 5. Precession photographs of P2, form crystals of dodecaheme
cytochrome ¢ from D. desulfuricans ATCC 27774: (a) for h0! plane
and (b) for hk0O plane, showing the binary axis symmetry and the
systematic absences due to the space-group symmetry P2,
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Table 2. Statistical analysis results of the diffraction data sets
collected for each crystal form

Crystal forms
Parameters 2 P2,
No. of observations measured 34898 69988
No. of unique reflections 9157 22512
Resolution range (A) 100.0-4.0 38.0-2.9
Completeness (%) 93.1 99.5
Completeness in last resolution 5.4 96.4
shell (A) (4.10-4.00 A)  (2.98-2.90A)
Average I /o(I) 6.7 53
Rierge () (%) 10.4 11.1
R erge(D) in last resolution shell (%) 26.6 314
) (4.10-4.00A)  (2.98-2.90A)
Cell dimensions (A, °) a=152.17 a=61.00,
b =98.45, b =106.19,
c=289.24 c= 8205
. B =119.18 B =103.61
V,, (A* Da™") (molecules per 3.85(2) 3.42(Q2)
asymmetric unit) 1.93 (4) 2.28 (3)

Diffraction data were processed following the procedure
described above in Materials and methods. Table 2 shows the
results for the statistical analysis of the diffraction data collected
for each crystal form.

As two values are possible for the volume per unit molecular
weight, V,,, of the P2, crystal form [the limits found by
Matthews on a study using several protein crystals are 1.7 to
3.5A%Da! (Matthews, 1968)], the determination of crystal
density was used to decide between the two possibilities. The
measured value of 1.136 gml™" for the crystal density indicates
that there are two molecules per asymmetric unit
(V,y=3.42A°Da') with a solvent content of 64.0%. The
self-rotation function calculation confirmed this result, since the
presence of a non-crystallographic twofold axis perpendicular
to the crystallographic twofold (b) axis (Fig. 6a) was found,
with a height of 2.4¢ above the background. The combination
of these two axes gives rise to a third axis perpendicular to the
other two. This result was obtained with the two programs used
for the self-rotation function calculations, carried out with
different resolution ranges (10-3, 10-3.5A) and different
Patterson radii (20-5, 15-5A). An independent calculation
using the Patterson function confirms that the pseudo-axis
relating the two molecules in the asymmetric unit is not parallel
to the twofold screw (crystallographic b) axis.

For the C2 crystals the calculation of the self-rotation
function suggests the same kind of orientation for the twofold
pseudo-axis relating the two or four molecules in the
asymmetric unit. The same pattern was obtained for the
stereogram using different resolution ranges (204, 20-4.5 A)
and different Patterson radii (20-5, 15-5 A), where two peaks
with a height 2.4 over the background could be identified (Fig.
6b). The possible existence of three molecules in the
asymmetric unit of this crystal form (following the determined
values for the volume per molecular weight) was excluded after
the analysis of this calculation.

Because of the fragility of the needle-shaped crystals it was
not possible to determine their density in order to decide the
real content in the asymmetric unit. Thus, it may be composed
of two moleculesug;iving a V,, value of the crystal slightly higher
than usual (3.85 A* Da '), with a solvent content (68%) close to
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the value determined for P2, crystals, or there are four
molecules 1n the asymmetric unit, corresponding to a I, value
(1.93 A" Da ') included in the Matthews range but a solvent
content (36.1%) almost half of that found for the P2, crystals.

180.0

180.0

h)

Fig. 6. Self-rotation function plots for dodecaheme cytochrome ¢: ()
crystal form P2, in resolution range 3 <d < 10 A with integration
range S<R<20A, and (h) crystal form €2 in resolution range
4<d<20 A with integration range 5 <R <20 A. Peaks in the
section shown (v = 1807) give the orientation of the twofold axis in
the crystal structure. The maximum value was normalized to 100 and
the contours drawn at 5 unit intervals beginning at 40. The central
peak is the crystallographic twofold and the two smaller features
(height 70) correspond to the two non-crystallographic twofold
rotation axcs.

This hypothesis is, howcever. less probable since the 2 crystals
are very fragile and diffracted only to 4.0 A. therefore indicating
a higher solvent content than that of the P2, crystals. and thus
two molecules per asymmetric unit.

In order to determine the phases to calculate electron-density
maps several experiments involving the preparation of heavy-
atom derivatives were made. but the difference Patterson maps
were difficult to interpret. To overcome this problem the
multiple-wavelength anomalous dispersion method of phase
determination is being considered. A cytochrome molecule with
12 Fe atoms per molecule is a suitable candidate for MAD data-
collection experiments. Work in this direction is currently under
way.

We would like to thank Dr Bart Devreese and Professor Josef
Van Beeumen in whose laboratory the molecular mass of the
cytochrome was determined by mass spectrometry. We also
would like to thank Manuela Regalla for the scquence
determination of the N-terminus of the dodecaheme cytochrome
¢. Financial support was provided by INICT-Junta Nacional de
Investigagdo Cientifica e Tecnologica (Grants PCMT/C/BIO/
874/90 and PRAXIS/2/2.1/QUI/17/94) and the European Union
(Network CHRX-CT93-0143 and project BIO2-CT94- 2052).

Note added in proof a full description of the octaheme
cytochrome ¢ (M, 26 000) from Dm haculats has recently
been published (Czjzek, Guerlesquin, Bruschi & Haser, 1996).
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