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Crystals ofthehigh-potentialiron-sulfurprotein
from Ectothiorhodocrpira halophila strain BN 9626
have been grown from3.4 to 3.5 M ammonium sulfate
solutions at pH 7.5. The crystals belong to the speace
group P2, with unit cell dimensions of a = 60.00 A, b
= 31.94 A, c = 40.27 A, and @ = 100.5'. There are 2
molecules/pymmetricunit. The crystals diffract to at
least 1.8 A, are stableinthe x-ray beam,andare
suitable for a high resolution x-ray crystallographic
analysis.

The high-potential iron-sulfur proteins are a class of 4Fe4 s ferredoxins commonly found in purple phototrophic bacteria (Bartsch, 1978). These particular proteins, referred to
by the acronym HiPIP,' undergo a reversible one-electron
transfer reaction at a characteristicallyhigh oxidation-reduction midpoint potential of between +50 to +450 mV (Meyer
et al., 1983). As a class of ferredoxins, the HiPIPs show
considerable variation in both theiramino acid sequences and
redox potentials(Tedro et al., 1985;Meyer et al., 1983).
Consequently, while their actual biological role in anaerobic
electron transport is still unclear, they have provided an ideal
model system for investigating the mechanisms of electron
transfer and the control of redox potentials of the 4Fe-4S
cluster.
The three-dimensionalstructure of one HiPIP, isolated
from Chromatium uinosum,has been solved by x-ray crystallogra hic techniques and refined to a nominal resolution of
2.0
(Carter et al., 1974; Freer et al., 1975). Its structure
consists of a three-stranded twisted antiparallel @-pleated
sheet at thecarboxyl terminus and two short helical segments
at the amino-terminal end. The prosthetic group which contains 4 atoms each of iron and inorganic sulfur in a cubanelike arrangement is ligated to the protein via four cysteinyl
sulfur ligands. This HiPIPis the largest of those studied thus
far with a total of 85 amino acid residues (Dus et al., 1973).
The protein is acidic with a net charge of-4 and a redox
potential of +350 mV (Meyer et al., 1983).
Another HiPIP, isolated from the bacterium Rhodospirillum tenue strain 3761, has recently been crystallized, and an
x-ray crystallographic investigation is currently in progress
theHiPIP from C.
(Holden et al., 1986). Incontrastto
uinosum, this protein is the smallest in its class with only 63
amino acid residues (Tedro et al., 1979).Unlike the C. vinosum
HiPIP, theR. tenue protein is basic with a netpositive charge
of 3 and a redox potential of +380 mV (Meyer et al., 1983).
Furthermore, the percentage of identically matching amino

R

acid residues between these two proteins is only 22% (Tedro
et al., 1979).
We report here the crystallization of another HiPIP, this
one isolated from the extremely halophilic purple phototrophic bacterium, Ectothiorhodospira halophila strain BN
9626. Unlike most purple bacteria, E. halophila produces two
HiPIP isozymes referred to as iso-I and iso-I1 (Tedro et al.,
1985). We have succeeded in crystallizing isozymeI. The
amino acid sequences of both isozymes have been determined
and can be aligned with 72% identity by assuming a single
residue deletion (Tedro et al., 1985). With respect to other
HiPIPs, however, these isozymes are among the most divergent (Tedro et al., 1985). They are the most acidic of the
HiPIPs with net charges of -11 and -14, respectively (Meyer
et al., 1983). Furthermore, the E. hulophilu isozymes have the
lowest redox potentials yet reported for proteins in this class
with midpoint potentials of +120 mV and +50 mV for iso-I
and iso-11, respectively (Meyer et al., 1983).
The HiPIPs, asa class of ferredoxins, display a large range
of redox potentials and appearto have an enormous variation
in their primary structures. Thus, a
high resolution x-ray
analysis of the E. hulophilu iso-I HiPIP andsubsequent comparison of its structure with those from C. vinosum and R.
tenue will provide a more detailed molecular basis for understanding the functional differences displayed by these ironsulfur proteins.
MATERIALS ANDMETHODS

The E. halophila HiPIP isozymes were isolated and purified as
described elsewhere (Meyer, 1985). Possible crystallization conditions
for both isozymes were surveyed using the hanging drop method of
vapor diffusion (McPherson, 1982). Crystallization experiments were
conducted a t room temperature and at 4 "C. Both proteins were
buffered in 10 mM Tris, 5 mM sodium azide, pH 7.5, and typical
protein concentrations were between 30 and 50 mg/ml.
For x-ray diffraction experiments the crystals were mounted in
thin-walled quartz capillary tubes. Precession photographs were recorded using nickel-filtered copper K, radiation from an Elliot GX20
rotating anode x-ray generator operated at 35 kV and 35 mA. The
exposure time was typically 22 h for a 15" precession photograph at
a crystal-to-film distance of 75 mm.
RESULTSANDDISCUSSION

The E. hulophilu iso-I1HiPIP has the lowest redoxpotential
yet reported for this group of proteins (50 mV; Meyer et al.,
1983). For this reason we began our crystallization attempts
with the iso-I1 protein. Well over 200 experiments were conducted using precipitants such as ammonium sulfate, sodium/
potassium phosphate, polyethylene glycol 8000, ammonium
citrate. lithium sulfate. ethanol. and dimethvl sulfoxide. Experiments were conducted at both room temperature and at
4 "C and between the pH range of5.5 and 8.5. Very thin
* The costs of publication of this article were defrayed in part by
the payment of page charges. This articlemusttherefore
be hereby crysta1s were Observed
using 3'4-3.5
ammonium
as
marked "advertisement" in accordance with 18 U.S.C. Section 1734 the Precipitant at PH 5.5 and 6.O. However, these crystals
grew together as bundles of needles and changing the protein
solely to indicate this fact.
The abbreviation used is: HiPIP, high potential iron-sulfur pro- concentration or the temperature of crystallization had little
tein.
effect on the crystal morphology. Moreover, the inclusion of
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FIG.1. 1S0precession photograph of the h0Z zone. The x-ray
photograph was recorded using nickel-filtered copper K, radiation
from an Elliot GX20 rotating anode x-ray generator operated a t 35
kV and 35 mA. The crystal-to-film distance was 75 mm, and the
exposure time was 20 h. Diffraction spots a t the edge of the precession
circle correspond to 3.0 A resolution data.
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FIG.2. 15' precession photograph of the hkO zone. The xray photograph was recorded as described in the legend to Fig. 1. As
indicated for oneset of Friedel pairs by black arrows, the anomalous
scattering differences are readily observable. These differences are
due to the 4Fe-4S clusters.

redox potentials of near -400 mV. Accordingly, the HiPIPs
transfer electrons between the first two states whereas the
such additives as dimethyl sulfoxide, dioxane, polyethylene low potential ferredoxins utilize the latter pair of oxidation
glycol 400, or fi-octyl glucoside failed to produce x-ray quality states. Factors thought tobe responsible for the variation of
the redox potential include the
exposure of the 4Fe-4S cluster
crystals.
to
the
solvent,
peptide
chain
flexibility,
and hydrogen bonding
In contrast to the
iso-I1 HiPIP, the iso-I protein
crystallized
far more readily. Crystals were obtained from the first few to the redox center. It has alsobeen proposed that there is a
of backexperiments using ammonium sulfateas the precipitant. The correlation between redoxpotentials and the number
best crystals have been grown at room temperature from 3.4 bone N-H hydrogen bonds to sulfur atoms in the cluster
to 3.5 M ammonium sulfate,50 mM phosphate, 5 mM sodium (Carter, 1977). Based on amino acidsequencealignments,
azide, pH 7.5, and have typical dimensionsof 1.0 X 0.4 X 0.1 however, it appears that thehydrogen-bonding patterns demm. It takes well over 3 weeks before small crystals appear scribed in the C. uinosurn HiPIP are probably conserved in
in the hangingdrop. Thereafter, any handling or disturbance the E. halophila isozymes (Tedro et al., 1985). Consequently
of the hanging drop plate or rapid change in theroom tem- hydrogen-bonding patterns alone cannot explain the unuperatureresultsin
a shower of very small crystals. The sually low redox potentials of the E. halophila proteins. The
crystals belong to $he space grpup P21 wit6 unitcell dimen- three-dimensional structure determinationof the E. halophila
iso-I HiPIP will thus provide a new opportunity to study the
sions of a = 60.00 A, b = 31.94 A, c = 40.27 A, and fi = 100.5'.
factors involved in modulating the 4Fe-4S clusterredox poWith a molecular weight of approximately 7700 and the
assumption of 2 HiPIP moleSules/asymmetric unit the sol- tential.
vent parameter V , is 2.46 A3/Da in good agreement with
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