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ing to trapped silylene (22, 24) or silanone (23) was found. An even
smaller amount of 7 (<2%) was identified by GCMS. When compared
with the results of copyrolysis of 7 with excess dimethyldimethoxysilane
(vide supra) under the same conditions, many of the numerous uniden-
tified compounds formed can be attributed to redistribution reactions.
No attempt was made to isolate the presumed trapping product or to
provide positive identification of the redistribution products.

Copyrolysis of 21 with 1,3-Butadiene. Trisilane 21 (0.3448 g, 1.2 X
10°* mol) was pyrolyzed in a vertical flow system with 1,3-butadiene as
the carrier gas. At 510 °C (35 mL/min butadiene flow rate), a mass
recovery (after evaporation of volatiles) of 46% was obtained. No com-
pound of m/e 212 (corresponding to silylene trapping product) was found
by GCMS.
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The enzyme nitrogenase catalyzes the biological reduction of
N, to NH,.! In Klebsiella pneumoniae a cluster of 17 genes in
seven transcriptional units has been associated with nitrogen
fixation.2 The nitrogenase enzyme from the nif V mutants is
relatively ineffective at dinitrogen reduction, is more efficient than
the wild-type enzyme at HCN reduction,® and has its hydrogen
evolution activity inhibited up to 80% by CO.%* This altered
substrate specificity has been shown to be associated with the
iron~molybdenum cofactor, “FeMo-co”, of the enzyme.5 X-ray
absorption spectroscopy has been a valuable tool for probing the
molybdenum environment of wild-type nitrogenase,”!! and we

* To whom correspondence should be addressed.

' Exxon Research.

!LURE.

§Stanford University.

4 University of Sussex.

"University of Manchester.

(1) (a) Current Perspectives in Nitrogen Fixation; Gibson A. H., Newton,
W. E., Eds.; Australian Academy of Sciences: Canberra, 1981. (b) Nitrogen
Fixation: The Chemical-Biochemical Genetic Interfaces, Miiller, A., Newton,
W. E., Eds.; Plenum: New York, 1983,

(2) (a) Brill, W. J. NATO Adv. Sci. Inst. Ser. A, 1983, 63, 231. (b) Dixon,
R. A. J. Gen. Microbiol. 1984, 2745-2755.

(3) Liang, Y. C; Smith, B. E. Advances in Nitrogen Fixation; Veeger, C.,
Newton, W. E., Eds.; Martenus Nijhoff/Junk: The Hague, 1984; p 155.

(4) McLean, P. A.; Dixon, R. A. Nature (London) 1981, 292, 655-656.

(5) McLean, P. A,; Smith, B. E.; Dixon, R. A. Biochem. J. 1983, 211,
589-597.

(6) Hawkes, T. R.; McLean, P. A.; Smith, B. E. Biochem. J. 1984, 217,
317-321.

(7) Cramer, S. P.,; Hodgson, K. O.; Gillum, W. O.; Morteuson, L. E. J.
Am. Chem. Soc. 1978, 100, 3398-3407.

(8) Cramer, S. P.; Gillum, W. O.; Hodgson, K. O.; Mortenson, L. E,;
Stiefel, E. I.; Chisnell, J. R.; Brill, W. J.; Shah, V. K. J. Am. Chem. Soc. 1978,
100, 3814-3819.

(9) Cramer, S. P,; Flank, A. M.; Weininger, M.; Mortenson, L. E. J. Am.
Chem. Soc. 1986, 108, 1049-1055.

report here similar studies on the Nif V- enzyme.!%!3

The Mo K absorption edge regions for wild-type and Nif V-
MoFe proteins are nearly identical. In both cases the first in-
flection point occurs at 20010.9 (5) eV, and the overall edge shape
is the same within experimental error.!* The extreme similarity
in edge position and shape suggests that the Mo exists in the same
oxidation state in both cases. On the basis of previous work with
Mo,Fe,S cluster model compounds,? the edges also indicate that
the number of sulfur donor ligands to molybdenum is four or five
and most likely the same in both cases.

The EXAFS Fourier transforms of Nif V- and wild-type Kpl
at 4 K are compared in Figure 1. Two strong peaks corresponding
to Mo-S and Mo-Fe interactions are observed. These features
are stronger and better resolved than in previously reported spectra
because of the lower temperature and wide k range. Quantitation
of these spectra”™!! involved curve-fitting analysis,2»** the results
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Kpl.1%16 The EXAFS spectra of three different preparations of each protein
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Table I. Comparison of Wild-Type and Nif V- Curve-Fitting Results
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Mo-S Mo-Fe Mo-O,N
sample N RPA o A N R, A o, A N R A o, A function®
wild-type Kpl (4 K) 4 2370 0.056 3 2691 0.023 0.954
5 2.371 0.066 3 2.694 0.022 0.869
4 2.370 0.056 3 2.691 0.023 0.98 2.153 0.050¢ 0.839
Nif V- Kpl (4 K) 4 2.363 0.055 3 2.694 0.027 1.357
5 2.365 0.065 3 2.697 0.024 1.272
4 2.363 0.055 3 2.694 0.027 0.75 2.180 0.050¢ 1.280
4.3 2.365 0.056¢ 3.1 2.695 0.0234 1.337

4 Coordination number. Values reported as integers were fixed during the refinement. ®Mo-X distance. ¢Debye-Waller disorder term. ?Fixed
at reported value. ¢Defined as [(Z K (Xobsd = Xeatod)?)/ (Vo — N)]/% where xopsq is the observed EXAFS, Xcaca IS the calculated EXAFS, N, is the number

of data points, and N, is the number of parameters refined.
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Figure 1. Fourier transforms of Mo EXAFS of Nif V- MoFe protein
(—) and wild-type MoFe protein (---) at 4 K. Transform range: k =
4-16 A1 k® weighting. The peaks are shifted from the true distances by
about 0.4 A. The Kpl sample was 182 mg/mL with a specific activity
of 1600 units/mg and a Mo concentration of 1.13 mM. The Nif V- Kpl
sample was 128 mg/mL with a specific activity of 1515 units/mg and
Mo concentration of 0.84 mM. Both proteins were in 25 mM Hepes pH
7.5 buffer, 100 mM NaCl, 0.1 mg/mL dithiothreitol, and 2 mM Na,-
S,0,.

of which are illustrated in Figure 2 and Table I. In both cases,
the main features can be reproduced by assuming four to five
sulfur atoms at 2.37 (4) A and two to four Fe atoms at 2.69 (3)
A. Although the EXAFS can be interpreted in terms of various
coordination numbers, this ambiguity arises from systematic errors
which are canceled in a direct comparison of spectra. To facilitate
this comparison, a fit was done constraining the Debye~Waller
factors for the Nif V- EXAFS to the same values obtained for
the wild-type enzyme. After optimization, the Nif V- Kpl EXAFS
gave coordination numbers within 9% of the wild-type values.
Furthermore, the Mo—S and Mo~-Fe distances were the same to
within 0.01 A. In both cases, a small improvement to the fits was
obtained by including a Mo—O,N component at 2.18 (5) A.
The close similarity of the Mo EXAFS from wild-type and Nif
V- proteins narrows the range of structural variations conceivable
for the Nif V- defect. There is no evidence in the EXAFS for
a change in the number or distance of S or Fe neighbors. If it
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Figure 2. Gaussian smoothed EXAFS data (—) and best fit (---) for
Nif V- (top) and wild-type (bottom) MoFe proteins at 4 K. The fits use
the values reported in Table I. The protein samples were those of Figure
1.

is assumed as a working model that molybdenum is bridged
primarily or completely by sulfide ions to iron in the nitrogenase
FeMo-co, then the current data suggest that the core cluster
arrangement in the vicinity of molybenum is not changed in the
Nif V- mutation. On the basis of chemical analogy with other
molybdenum clusters,” it is unlikely that a sulfide bridge could
be added, subtracted, or replaced by an oxo bridge or other group
without significantly changing the Mo~Fe distance. A change
in the overall number of sulfur ligands is also dictated against,
from the results of the EXAFS amplitude analysis. Conceivably,
the mutation involves the substitution of one non-sulfur ligand
for another non-sulfur ligand to Mo outside the core of the
Mo,Fe,S cluster.?® Alternatively, the structural change is more
closely associated with an Fe site(s) in FeMo-co.
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