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Acetyl coenzyme A synthase/carbon monoxide dehydrogenase 300 -

(ACS/CODH= ACS) is a bifunctional enzyme found in anaerobic

archaea and bacteria that grow chemo-autotrophically on simple 250 +
inorganic compounds such as &@,.! The enzyme fronMoorella E
thermoaceticas a 310 kDao,f3, tetramer in which thet subunits e 200 1
contain the active-sitA-clusterand are used to synthesize acetyl- S 150
CoA from CO, CoA, and a methyl group donated by a corrinoid- T
iron—sulfur protein (CoFeSP) subunits contain clusters required 8 100 4
for CO/CQ redox catalysis. The A-cluster is composed of agSire ;g
cubane bridged by a cysteine thiolate to a binuclea?Sitee metal < 50
of the binuclear site distal to the cubane is a square-planar Ni
coordinated to two bridging thiolates and two amide nitrogens from 0
the protein backbone. The proximal metal of the binuclear site can 0 1 2 TimSmin 4 5 6

be Ni, Cu, and Zn. Thet subunits can be stabilized openand ) - )
| d f . d . iin th Figure 1. Acetyl-CoA synthase activity (performed as descrfbasing
closed con ormgtlons. Reporte strL_Jctu_res contain Ni in the cp THE CoA CoFeSP, Cgin 50 mM MES buffer pH 6.3, 25C). (#),
proximal site (Nj) when the conformation is open, and Cu and Zn  native ACS (0.:M, final); (W), ACS treated with 10 equiw of ZnSQ,,
when closed. Ni, is selectively removed by 1,10-phenanthroline passed through Sephadex G_25 and as_sayed in a solution containing 100
(phen)? Consistent with this lability, Niis surface-exposed, as ~#M EDTA; (a), ACS treated with 10 equis/of ZnSQ, and passed through
robably required for methyl group transfer from CoFeSP; in Sephadex G25[1), ACS treated with 10 equis/ZnSQy, (1), ACS treated
P y req . y! group . ' with 100 equivéx of ZnSQy; (@), ACS treated with phen, passed through
contrast, the Cu and Zn in the closed conformation are buried. G25, and then treated with 10 equivbf ZnSQ; (*), ACS treated with
Consensus is emerging that the, Norm is active, while Cu is phen, passed through G25, treated with 10 equdf/ZnSQ;, and then 10
inhibitory 45 Occupancy by Zn is negatively correlated to actiity, ~ equivit of NiCla.
but more direct evidence fqr this is reqqlred. Als_o uncertalr_] isthe rpe 1. Summary of CO Oxidation Activity, Methyl Group
role, if any, of thea-subunit conformations during catalysis. In  Transfer, and ACS Activity
this communication, we provide evidence that Zn inhibits catalysis, CODH

. X K methyl transfer ACS
methyl group transfer, and NiFeC signal development when it sample (M min~* mg?) ) (min-?)
replaces Nj. Importantly, thIS replacemen_t occurs only when the ACS 284 26 203
enzyme functions catalytically, suggesting thatundergoes a ACS+ Zn (with EDTA) 397 25 183
conformational change during catalysis and that Zn replacgs Ni  ACS+ phen 383 ] 02
only when the conformation is open. ACS+ phen+ Zn 392 0 0

Native ACS was examined for activity as a control (Figure 1, ﬁggi pﬂggi g'u 3% 1g‘ 12%'
®). As expected;* phen-treatment completely inactivated the ACS+Bhen+ Zn+ Ni 326 0 0
enzyme, and~70% of the original activity was recovered upon
subsequent treatment with NiCINo activity developed upon aData from previous work.

incubating phen-treated ACS in 10 equiwf ZnSQ, (Figure 1,
@), nor did activity develop after subsequently treating with 10 Subsequent addition of Ni to this sample had no effect (Figure
equivie of NiCl; (Figure 1, *). These results suggest that: (a) a 2D). EPR spectra of CO-treated ACS exhibited the NiFeC signal
Zn ion bound to the proximal site of phen-treated ACS, (b) the (Figure 3, I) while phen-treated ACS that was subsequently
Zn-bound form was inactive, and (c) Ni could not displace Zn once incubated in Zn (and then in CO) did not exhibit this signal (Figure
bound at the proximal site. Similar results were observed using 3, IIl). When another sample treated similarly with phen and Zn
Cu} but the effect of Zn appears restricted to ACS activity, as it was subsequently incubated in Ni (and then CO), no NiFeC signal
had no effect on CO oxidation activity (Table 1). In contrast, Cu developed (Figure 3, IV). These experiments indicate that the Zn
inhibited both CODH and ACS activities. form of the A-cluster cannot be reduced and bound with CO as is
Binding Zn at the proximal site prevented methyl group transfer required for the development of this signal. They also indicate that
from CoFeSP and abolished the NiFeC EPR signal. Using stopped-the Zn form cannot be methylated; like €uthe Zr#* ion appears
flow, Ti%*citrate-reduced ACS (Figure 2A) accepted a methyl group insufficiently nucleophilic to accept a methyl group from CoFeSP.
in accordance with a second-order rate constant gfMI1! s™1, To determine whether added Zn could replacg Bisample of
similar to previous reportd® A phen-treated sample was unable to ACS was incubated fo3 h in 100 equivk of ZnSQ, and then
accept a methyl group before or after Zn was added to it (Figure used in the synthesis of acetyl-CoA. Surprisingly, during the first
20). minute of reaction, the catalytic rate of the Zn-treated ACS sample
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0.2 - catalysis in the presence of EDTA exhibited activity (Figur@},
0.18 A corresponding to 90% of that from native ACS.
3 0.16 - We interpret these results as follows. Simply incubating Zn in
§ 0'14 | / ACS for an extended period is NOT sufficient to replace. Ni
® O |F Rather, Zn replaces ponly after the enzyme engages in catalysis;
§ 01271 B under the conditions used, this replacement reaction occurred with
0.1 1 f/’ kapp & 0.6 mim™. Once Zn replaces Nithe enzyme irreversibly
0.08 ¢ inactivates. The rate of Zn attack is too slow to quantitatively replace
¢ 0.06 I Ni, during the period required for methyl group transfer; thus,
T 004 4 incubation in Zn had no noticeable effect on methyl group transfer
¢ 0.02 C rate, but it slowly attenuated the rate of acetyl-CoA synthesis.
' D Treatment with Sephadex G25 removes some but not all Zn; thus,
° 0 0'1 0'2 0'3 0'4 0'5 ole EDTA functions to chelate excess Zn and prevent its attack gn Ni
' Time. Second ' ' We have attempted to understand the conditions required for Zn

to replace Nj. Incubating Zn-treated ACS with CO had no effect
Figure 2. Methyl group transfer from CkHCoFeSP to ACS prepared in  on NiFeC signal intensity (Figure 3, I1). Samples of Zn-treated ACS
different states monitored at 390 nm, 25, as describell(A) ACS (10 were separately incubated with reduced methyl viologen, CoFeSP,
uM final concentration, in 50 mM Tris buffer pH 8.0) was preincubated . .
with Tis*-citrate (1 mM, final) for 20 min, then mixed with GHCoFeSP and CoA for 2 h prior to CO treatment and EPR analysis. In all
(5 uM, final) that had been similarly preincubated; (B) same as A, except cases, the NiFeC signal was observed, with intensities comparable
that ACSAwaS ad(iittir?nfkslcgfemcutbat'téddWit_:lh 1100 eqﬂi_‘d}‘ ﬁnSQ; (© J to that of native ACS. A sample of ACS treated with all substrates
same as A, exce al was treated wi e en, passe i i i imiti i

through G35, andpthen incubated in 10 eqof ZnSCgL;HZjD? Samgas e required for catalysis (with CHTHF limiting) was |n_cubate_d 3h
except that the phen-G25-Zn-treated ACS sample was subsequentlyand then f”:lnalyzed by EPR spectroscopy. The NiFeC S!gnal was
incubated in 10 equie of NiCly. observed in this positive control. However, when Zn was included
in a similar assay mixture, no such signal was observed.

What phenomenon would allow Zn to effectively remove, Ni
when the enzyme is engaged in catalysis but not when it is
disengaged? Zn appears to replacgwien the enzyme is in one
or more intermediate states of catalysis but this(these) state(s) must
I not be present when ACS is reduced in CO alone or in the presence
of CoA, CoFeSP, or MV¥". The most reasonable conclusion is that
Ni, is susceptible to Zn-attack in the open conformation and
protected from attack in the closed conformation and that the
. conformation of thex subunit changes during catalysis. However,
more than just the conformational change observed by X-ray might
be required for metal exchange (e.g. reduction of Might also

Intensity

v be required). Nevertheless, this is the first evidence that the
structurally characterized conformations of thesubunit serve a
2100 2200 2300 2400 2500 mechanistic role in ACS catalysis.
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described). (I) ACS (0.27 sping3); (Il) ACS plus 10 equiwk of ZnSQy . : . :
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