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Acetyl-CoA synthases are found in evolutionarily primitive
chemoautotrophic anaerobic prokaryote3he enzyme from
Moorella thermoaceticdACS) is ana,f3; tetramer that synthesizes
acetyl-CoA from CO, CoA, and a methyl group donated by a
corrinoid-iron—sulfur protein (CoFeSP)Two recent X-ray struc-
tures of ACS are equivalent except for the conformations ofithe
subunits and the active site for acetyl-CoA synthesis (the A-
cluster)3# In the Doukov et al. structure, this cluster consists of a
Cu(Sys)s site in which one cysteinate jg*-bridged to an F£5,
cubane and the other two awé-bridged to a NiNS, moiety. One
o subunit of the Darnault et al. structure contains Zn rather than
Cu in thisproximal site (named relative to the cubane), while the
A-cluster of the otheo. subunit contains Ni in this site (Mi A
small fraction of Ni in ACS (0.2-0.3 Ni/o3) is removed by 1,10-
phenanthroline (phen); this abolishes synthase activity and the
NiFeC EPR signal otherwise exhibited by this clustéincubation
of phen-treated ACS in NiGkestores activity and signal intensity.
The geometry of the proximal site, its ability to be occupied by
different metal ions, and the proportion of labile Ni removed by
phen, taken together, suggest that labile Ni correspondsgtoANi
less likely alternative is that labile Ni corresponds to distaf. Ni

Lurking behind this issue is whether Cu plays a role in ACS’s
mechanism. Doukov et al. and Seravalli et al. report a correlation
between Cu content, acetyl-CoA synthase (technically CO/acetyl-
CoA exchange) activity, and NiFeC signal intengifyThey suggest
catalytic mechanisms in which CO and acetyl groups bind t&"Cu
In contrast, Ni is the central player in the Darnault et al.
mechanism. A subunit from a related enzyme incubated in NiCl
exhibits a modicum of activity (but not when incubated in CQCI
suggesting that Cu-containing ACS is inactive and that the Ni form
is functional®

We find Cu in our ACS samples at amounts (6@5 Cub,3)
similar to those reportet’! However, Cu is abundant in the
environment, and we also detect it in solutions of proteins known
not to coordinate Cu or require it for catalysis. To address whether
Cu is required for ACS activity, we endeavored to prepare a Cu-
free ACS sample and determine its activitgu was removed from
growth and protein purification media and equipment, and Neo-
cuproine (a phen derivative) was added to all purification buffers.
The resulting>90% pure ACS sample contained 0.05 @giand
exhibited no synthase activity. However, after treating with NiCl
it exhibited an activity of 105 mint (Figure 1A, open circles),
52% of the highest activity reportédWhen exposed to CO, this
sample exhibited a NiFeC signal corresponding to 0.15 apin/
(Figure 1C, Il1). This amount of Cu was insufficient to have been
responsible for the observed activity or NiFeC signal intensity,
indicating thatCu is not required for ACS actity or for exhibiting
the NiFeC signal
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Figure 1. (A) Acetyl-CoA synthase activity of ACS (performed as

described® using 0.3uM ACS). (#) native ACS; ©) Ni-reactivated Cu-
depleted ACS; @) phen-treated ACSH) Ni-reactivated phen-ACS (rate
= 120 mirrY); (a) Cu-and-phen-treated ACSPf Cu-depleted ACS plus
1.5 equiv of CuCJ (rate= 15 min1). (B) Methyl group transfer activity
of samples from Al I, native ACS; Il, Ni-reactivated phen-treated ACS
(kapp= 16 s7Y); lll, phen-treated ACS; IV, Cu-and-phen-treated ACS. (C)
130 K, 80 mW EPR (essentially as descrit)eaf ACS. I, native ACS (0.2
spinstB); Il, ACS plus CuC} and Te*citrate; Ill, Ni-reactivated Cu-
depleted ACS.

Adding 1.5 equiv of CuGlto Ni-reactivated Cu-depleted ACS
loweredactivity 86% (Figure 1A, open diamonds). Treating a native
ACS sample that had 197 mih activity (Figure 1A, closed
diamonds) with 10 equiv of Cu lowered activity to 73 minWhen

10.1021/ja0352855 CCC: $25.00 © 2003 American Chemical Society
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Tis*citrate was included in an equivalent Cu-treatment (ostensibly ~ ACS grown in®INi (I = 8/,), treated with phen and reactivated
to reduce C#" to Cu") the resulting sample had neither activity — with natural-abundance Nichfforded a NiFeC signal lacking Ni-
nor NiFeC signal (Figure 1C, Il). This sample contained 8c@u/ hyperfine® In contrast, ACS grown in natural-abundance Ni, treated
after passage through a desalting column. Thdsgjng Cu ions to with phen, and reactivated witHNi exhibited a signalwith Ni-
ACS solutions inhibits ACS agity and NiFeC formation hyperfine® These previous results now suggest thaf blit not

We wanted to determine whether theoximal site, as defined Niq4 is part of the hyperfine-couple8= 1/, system and that CO is
crystallographically, was thiabile site as defined by the effect of ~ bound to Nj** in the A.+CO state yielding this signal. This is
phen. The activity of an ACS sample was abolished by phen consistent with the square-planar (i.e., low-spin, diamagnetic)
treatment (Figure 1A, closed circles). Aliquots were equivalently structure of NiZ". The abolition of that signal by Cu binding to
incubated in 10 equiv of NiGland CuC}. The Ni-treated sample  the proximal site is likely due to the diamagnetism of'€Curhe
exhibited activity (Figure 1A, squares) while the Cu-treated sample inactivity of Cu—ACS is likely due to the insufficient nucleophi-
remained inactive (Figure 1A, triangles). Portions of these sampleslicity of Cul* for attacking the methyl group of GHCo*"FeSP.
were incubated in CO and examined by EPR. Native ACS and Ni-  Besides}” there are no reports of Cu-containing proteinguiy
reactivated phen-treated samples exhibited NiFeC signals with organism known to contain an ACS or CODBHM.Taken in
intensities of 0.2 (Figure 1C, I) and 0.05 spifi/ respectively. Phen- conjunction with the results presented here, this raises the possibility
treated and Cu-and-phen-treated samples did not exhibit this signalthat Cu is irrelevant and detrimental to the metabolism of these
The Cu-treated sample was then incubated in NiGb activity organisms. ACS/CODH-containing organisms grow at low poten-
developed. This suggests that Cu had bound to the labile site andtials where Cu ions would be most stable in the Cu(l) state and
that it bound more tightly than Ni and blocked Ni from inserting competing with essential metals (e.g., Ni and Fe) for sulfur ligands.
into that site. Since Doukov’s structure shows that Cu binds in the Cu may have become embraced by living systems only after they
proximal site of the A-cluster, we conclude ththe proximal Ni employed Q in respiration and abandoned metabolisms involving
site is the preiously identified labile Ni site and that act ACS 0O,-and-Cu(l)-sensitive ACS/CODH’s.
contains Ni in this siteWe add a cautionary note that Cu might
also bind to other sites on ACS, as the Cu-treated sample, after
desalting, contained 11 Guj.

A native ACS sample accepted methyl groups from;€EH
Co**FeSP withkapp~ 20 s°1 (Figure 1B, 1), while a matching phen-
treated ACS sample was unreactive (Figure 1B, Ill). Ni-reactivated References
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