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Large single crystals of  the  high  potential  iron-sulfur 
protein  isolated  from Rhodospirillum tenue strain 
3761 have  been  obtained.  They  belong  to  the  ?pace 
groupPZ1 with unitocell dimensions of a = 36.7 A, b = 
52.6 A, c = 27.6 A, and = 90.8’. There are two 
molecules  in  the  asymmetric  unit.  Based  on  oscillatiop 
photographs,  the crystals diffract to at least 1.6 A 
resolution.  They are stable  in  the x-ray beam  and 
appear  suitable  for  a  high  resolution x-ray structure 
analysis. 

In recent years, the iron-sulfur proteins have been the 
subject of intensive investigation as their role in a wide variety 
of biological electron transport systems has been defined. The 
high potential iron-sulfur proteins commonly encountered in 
the purple photosynthetic bacteria are one class of iron-sulfur 
proteins which has yielded important insights into biological 
electron transfer. These  proteins  contain a 4Fe-4S prosthetic 
group and  are referred to by the acronym “HiPIP.”l As the 
name implies, the  HiPIPs undergo a reversible one-electron 
transfer reaction at a characteristically high oxidation-reduc- 
tion midpoint potential (+50-450  mV;  Meyer et al., 1983) and 
are paramagnetic in the oxidized state.  Still unknown, how- 
ever, is the actual biological  role of the  HiPIPs in anaerobic 
electron transport. 

The x-ray crystallographic structure of one HiPIP,  that 
isolated from Chromutium  vinosum, bas been solved and 
refined to a nominal resolution of  2.0 A (Carter et al., 1974; 
Freer et aE., 1975). The structure consists of a three-stranded 
twisted antiparallel /?-pleated sheet at  the carboxyl terminus 
and two short helical segments at  the amino-terminal end of 
the molecule. The iron-sulfur cluster in  this  HiPIP can be 
described as a cubane-like complex of four iron atoms and 
four inorganic sulfur atoms. It is bound to  the protein via four 
cysteinyl sulfur ligands. 

In  contrast  to the  HiPIPs,  the bacterial ferredoxins which 
also contain 4Fe-4S prosthetic groups  show oxidation-reduc- 
tion  potentials  near -400  mV and  are paramagnetic in  the 
reduced state. For example, the potential of the two equivalent 
clusters in Peptococcus aerogenes Z(4Fe-4S) ferredoxin is -427 
mV (Strombaugh et al., 1976). The x-ray structure of the P. 
aerogenes ferredoTin has also been solved and refined to a 
resolution of  2.0 A (Adman et al., 1976).  By comparing the 
two x-ray structures, it was found that  the reduced C. vinosum 
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HiPIP iron-sulfur cluster is geometrically indistinguishable 
from the oxidized clusters of P. aerogenes (Carter et al., 1972). 

In  an  attempt  to reconcile the drastic difference  demon- 
strated by these two proteins with respect to their oxidation- 
reduction potentials, Carter et al. (1972)  proposed the  “three- 
state hypothesis.” According to  this theory, three oxidation 
states are available to  the 4Fe-4S cluster and, under normal 
conditions, HiPIPs  transfer electrons between  one pair of 
states while ferredoxins utilize the other  pair of oxidation 
states. It is  apparent that  the surrounding protein environ- 
ment determines which oxidation states  are available to  the 
cluster. However, the exact nature of  how this occurs in 
molecular terms  is still unclear. 

We report here the crystallization of another  HiPIP,  this 
one isolated from the bacterium Rhodospirillum  tenue strain 
3761. It is the smallest of the  HiPIPs studied thus far, con- 
taining a total of 63 amino acid  residues. The protein is basic 
(C.  vinosum HiPIP is acidic) and  has a midpoint oxidation- 
reduction potential 50 mV less than C. uinosum HiPIP (350 
mV). The amino acid  sequence of the protein is known and 
based on sequence alignments with other  HiPIPs, it is the 
most divergent of its class (Tedro et al., 1979). In fact, a 
number of presumed “invariant” residues are not retained in 
the R. tenue HiPIP. Furthermore, the percentage of identi- 
cally matching amino acid residues  between c. vinosum HiPIP 
and R.  tenue HiPIP is only 22%. There  is also the possibility 
that side chains thought to be important, for  example, Tyr 
19,  may not be spatially conserved in the R. tenue protein 
because  of deletion of one quarter of the peptide chain. Thus, 
the structure determination of the R.  tenue HiPIP will  yield 
valuable new information on iron-sulfur proteins in general 
and  in addition will  provide an opportunity to  test  the  current 
explanations for the different redox potentials exhibited by 
the  HiPIPs  and  the bacterial ferredoxins. 

MATERIALS AND METHODS 

The  HiPIP from R. tenue strain 3761 was isolated and purified 
using the general procedure outlined by Bartsch (1978). Crystals were 
grown at room temperature by vapor diffusion using either the 
hanging drop or sitting drop method (McPherson, 1982). The protein 
buffer was 10 mM Tris.HC1, pH = 7.5, and typically the protein 
concentration was between 25 and 35 mg/ml. The precipitant was 3.0 
M Na/K+ phosphate, 1% dimethyl sulfoxide, pH 7.0. Crystallization 
was generally complete within 1 week. 

For x-ray diffraction experiments, crystals were mounted in thin- 
walled quartz capillary tubes. Diffraction patterns were recorded 
using copper K, radiation from a graphite-monochromatized Elliot 
GX-21 rotating anode generator operated at  39 kV and 120 mA. 

RESULTS  AND  DISCUSSION 

Initially, the crystals of R.  tenue HiPIP were  grown  from 3 
M Na/K+ phosphate, pH 7.0, with no dimethyl sulfoxide. 
They appeared after several days as aggregates of extremely 
thin plates. Lowering the phosphate concentration or chang- 
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ing the  pH had no  effect  on the crystal morphology.  Similarly, 
changing the precipitant to ammonium citrate or ammonium 
sulfate had little effect  on the crystal appearance. The addi- 
tion of either 1% dimethyl sulfoxide or 1% dioxane,  however, 
resulted in a dramatic improvement. The crystals now  grow 
as large,  single plates with typical dimensions of 1.0 X 0.6 X 
0.2 mm. They belong to  the space qoup P21 wit> unit cell 
dimensions of a = 36.7 A, b = 52.6 A, c = 27.6 A, and B = 
90.8". Based on-oscillation photographs, the crystals diffract 
to at least 1.6 A resolution. They are physically robust and 
appear stable in the x-ray  beam.  Assuming there are two 
HiPIP molecules in the asymmetric unit  and molecular 
weight of 6500, the solvent parameter VM is 2.76 A3/Da. This 
value  is well within the range  observed  for  globular proteins 
(Matthews, 1968). 

Typical 15" precession photographs are shown  in  Figs. 1 
and 2. Especially noteworthy are the anomalous scattering 
differences  readily  observed in the Okl precession photograph. 
The observed  differences  in the x-ray intensities of Friedel 
pairs are due to  the 4Fe-4S clusters. It should be possible to 
locate the position of the iron atoms in the  unit cell  by 
exploiting these anomalous differences as was done in the 

FIG. 1. 15"  precession  photograph of  the h01 zone. The X- structural analyses of,  for  example, trimethylamine dehydro- 
ray photograph was recorded using copper K, radiation from a graph- genase and  the C. uinosum HiPIP (Lim et al., 1982; Kraut et 
ite-monochromatized Elliot GX-21 rotating anode generator operated al., 1968; R ~ ~ ~ ~ ~ ~ ,  1961). Three-dimensional data collection 
at 39 kV and 120 mA. The crystal-to-film distance was 75 mm and 
the exposure time was 20 h. using diffractometry is in progress and  a search for potential 

heavy atom derivatives has been initiated. 
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