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High-molecular-weight cytochromes (Hmcs) belong to a large family

of multihaem cytochromes in sulfate-reducing bacteria. HmcA is the

®rst cytochrome reported to have 16 c-type haems arranged in its

polypeptide chain. The function of this cytochrome is still unknown,

although it is clear that it belongs to a membrane-bound complex

involved in electron transfer from the periplasm to the membrane.

HmcA from Desulfovibrio gigas has been puri®ed and successfully

crystallized using the hanging-drop vapour-diffusion method. The

crystals grew using PEG and zinc acetate as precipitants to maximum

dimensions of 0.2 � 0.2 � 0.2 mm in an orthorhombic space group,

with unit-cell parameters a = 88.9, b = 90.9, c = 83.7 AÊ . The crystals

diffracted to beyond 2.07 AÊ and a MAD data set was collected.
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1. Introduction

HmcA is a high-molecular-weight cytochrome

with 16 c-type haems arranged in a polypeptide

chain of�550 amino acids. It has been found in

the periplasm of some species of sulfate-

reducing bacteria of the Desulfovibrio genus:

D. vulgaris Hildenborough (Higuchi et al.,

1987), D. vulgaris Miyazaki (Ogata et al., 1993)

and D. gigas (Chen et al., 1994).

This cytochrome is part of a membrane-

bound complex that is encoded by the hmc

operon (Rossi et al., 1993) and has high

resemblance to the 9Hc complex present in

D. desulfuricans species (Saraiva et al., 1999).

Both complexes contain a multihaem

cytochrome, membrane-bound and integral

membrane proteins, which contain haems

and/or Fe±S clusters. Their function is not yet

fully understood, but it is known that they

transfer electrons from the periplasm to the

membrane, either to the membranous quinone

pool (Simon, 2002) or for cytoplasmic sulfate

reduction (Rossi et al., 1993).

The structure of D. vulgaris Hildenborough

HmcA has recently been published (Czjzek et

al., 2002; Matias et al., 2002). It can be sub-

divided into three different domains related to

the structure of well known cytochromes from

Desulfovibrio bacteria. The N-terminal region

is homologous to the three-haem-containing

cytochrome c7, the second domain to the four-

haem cytochrome c3 and the last domain is

related to the nine-haem cytochrome 9HcA.

Cytochrome c3 is thought to be the electronic

shuttle between Fe-hydrogenase and HmcA, as

found in the case of the nine-haem cyto-

chrome. A structural model of HmcA with

cytochrome c3 from D. vulgaris Hildenborough

was proposed, showing the possible sites for

this haem±haem interaction (Czjzek et al.,

2002).

Another feature of this low-redox-potential

cytochrome is that it only has 15 haem-binding

sites of the c3 type (Cys-X-X-Cys-His). The

remaining haem is a high-spin haem with only

®ve ligands in its coordination sphere; hydro-

phobic residues surround the Fe atom,

protecting it against solvent interactions. This

could be an active site for an unknown enzy-

matic role of the protein, resembling that

observed in other c-type haem-containing

proteins such as cytochrome c nitrite reductase

(Cunha et al., 2003).

In this work, we aim to determine the three-

dimensional structure of HmcA from D. gigas

and compare it with the homologous

D. vulgaris structure (sequence identity of

39.6%), the only Hmc structure available so far

(Czjzek et al., 2002; Matias et al., 2002), which

may help in the understanding of the physio-

logical role of HmcA.

2. Materials and methods

2.1. Purification

D. gigas NCIB 9332 cells were obtained

from 300 l growth in lactate±sulfate medium at

277 K under anaerobic conditions (LeGall et

al., 1965).

The puri®cation, which was performed at

277 K, began by disrupting and centrifuging

the cells in two stages: ®rstly at

9500 rev minÿ1 for 65 min and subsequently at

42 000 rev minÿ1 for 75 min in order to elim-

inate the cell membranes. The soluble extract

was then dialysed against 5 mM Tris±HCl

buffer pH 7.6 overnight and loaded onto a

DEAE-52 column (52 � 4.5 cm). A linear
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gradient of Tris±HCl buffer (10±250 mM,

pH 7.6) was applied and the fraction at

150 mM ionic strength which contained

cytochromes was collected. After dialysis

and concentration, this fraction was loaded

onto a Resource-Q 6 ml column (Phar-

macia) and eluted with a Tris±HCl buffer

gradient (10±250 mM, pH 7.6). The fraction

containing cytochromes, which eluted at

80 mM ionic strength, was concentrated

to approximately 10 mg mlÿ1 and crystal-

lization assays were performed.

Puri®cation was checked by UV±visible

spectra (UV-160A, Shimadzu) and SDS±

PAGE (Bio-Rad), according to the descrip-

tion in Chen et al. (1994).

The protein used for crystallization

contained extra bands in SDS±PAGE in

addition to the HmcA band at 67 kDa.

However, the gel obtained from dissolved

crystals proved its ®nal purity (Fig. 1).

2.2. Crystallization

Crystallization assays were carried out

using the hanging-drop vapour-diffusion

method at 293 K. Initial crystallization

conditions were screened using an in-house

modi®ed version of the sparse-matrix

method of Jancarik & Kim (1991), in

combination with the commercial Hampton

Research (California, USA) Crystal Screen

and Crystal Screen 2.

Plate-shaped crystals grew within one

week in drops consisting of 2 ml protein

solution and 4 ml reservoir solution (12%

PEG 8K, 50 mM zinc acetate pH 6.5), but

were of insuf®cient quality for diffraction

experiments. The macroseeding technique

proved to be the best approach to further

improve the crystals, which reached

maximum dimensions of approximately

0.2 � 0.2 � 0.2 mm with a cubic shape

(Fig. 2). The HmcA crystals were harvested

from the mother liquor and soaked for a few

seconds in a cryoprotectant solution

containing 30% glycerol.

In order to determine the three-dimen-

sional structure of HmcA, a multiple-

wavelength anomalous diffraction (MAD)

experiment was performed at the iron edge

and data collection was performed at the

BW6 beamline of the MPG-ASMB in DESY

(Hamburg, Germany) using a CCD detector

and synchrotron radiation at �100 K.

3. Results and discussion

Initially, a ¯uorescence scan was performed

on a crystal in order to determine the exact

wavelengths for the data collection. Two

wavelengths were selected near the K

absorption edge of the Fe atom (1.738 and

1.744 AÊ ) and a third wavelength at a high-

energy remote point (1.050 AÊ ). At this

wavelength the crystals diffracted to beyond

2.07 AÊ resolution (Fig. 3).

X-ray data were processed with DENZO

and SCALEPACK (Otwinowski & Minor,

1997) in space group P21212, with unit-cell

Figure 1
12.5% SDS±PAGE of HmcA puri®cation. Lane 1,
Bio-Rad low-range prestained standards. Lane 2,
protein fraction used for crystallization. Lane 3,
dissolved HmcA crystals.

Figure 2
A crystal of HmcA from D. gigas grown with 12%
PEG 8K, 50 mM zinc acetate pH 6.5. Regular cubic
shaped crystals with dimensions of �0.2 � 0.2 �
0.2 mm were obtained by the hanging-drop vapour-
diffusion method followed by macroseeding techni-
ques.

Figure 3
0.4� oscillation image of a cryocooled HmcA crystal taken using a CCD detector on BW6 beamline of the MPG-
ASMB at DESY. A close-up is shown on the right. The frame edge is at 2.0 AÊ resolution. Image displayed using
MOSFLM (Leslie, 1992).

Table 1
Data-collection statistics of X-ray diffraction data.

Values in parentheses are for the highest resolution shell.

Wavelength (A) 1.738 1.744 1.050

No. observed re¯ections 143942 144937 215777
No. unique re¯ections 50643 50752 74840
Redundancy 2.8 (2.8) 2.8 (2.8) 2.9 (2.6)
Resolution limits (AÊ ) 25±2.40 (2.49±2.40) 25±2.40 (2.49±2.40) 20±2.10 (2.17±2.10)
Rmerge (%) 3.7 (24.0) 3.1 (25.0) 3.9 (39.6)
Completeness (%) 98.9 (98.6) 98.9 (98.8) 97.5 (96.1)
Average I/�(I) 24.2 (4.40) 29.0 (4.27) 22.5 (2.84)
Mosaicity (�) 1.0 1.0 1.0
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parameters a = 88.9, b = 90.9, c = 83.7 AÊ .

Details of data collection and statistics are

summarized in Table 1. The Matthews

coef®cient is 2.6 AÊ 3 Daÿ1, assuming the

presence of one molecule in the asymmetric

unit, corresponding to a solvent content of

53% (Matthews, 1968).

The strong anomalous signal produced by

the 16 Fe atoms in the protein allowed us to

obtain initial phases and, using SOLVE

(Terwilliger & Berendzen, 1999) in the

resolution range 20.0±2.4 AÊ , the 16 expected

sites were found. The initial mean ®gure of

merit of 0.53 was further improved to 0.85 by

density-modi®cation procedures assuming a

solvent content of 38% and using

SOLOMON through the SHARP interface

(de La Fortelle & Bricogne, 1997).

The good quality of the experimental

maps enabled identi®cation of the porphyrin

rings of all haems plus their axial ligands.

The electron density at the high-spin haem is

represented in Fig. 4. Manual model building

and re®nement are now in progress.
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Figure 4
Experimental 2Fo ÿ Fc electron-density map around
haem 15 after density modi®cation, contoured at the
1� level, superimposed with the corresponding
model. Haem 15 is the high-spin haem, with only
one axial ligand in its coordination sphere. The ®gure
was created using TURBO-FRODO (Roussel &
Cambillau (1991).


