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S| Methods

GFP-15 Unfolding Assay. Reaction mixtures (100 wL) contained
buffer A [20 mM Tris'HCI, pH 7.5, 100 mM KCl, 5 mM DTT,
0.1 mM EDTA, and 10% glycerol (vol/vol)], 0.005% Triton
X-100 (vol/vol), 4 mM ATP or 2 mM ATP, and 2 mM ATPvS
(Roche) where indicated, an ATP regenerating system (20 mM
creatine phosphate and 6 ug creatine kinase), 10 mM MgCl,, 2.0
1M GFP-15, 3.0 uM GroELyp, and 1.0 uM total ClpB. GFP-15
contains the N-terminal 15 aa of the P1 RepA replication
initiator protein fused to the C-terminus of GFP (1). A mutant
form of GroEL, GroELi.p, that binds but does not release
unfolded proteins was included in the reaction mixtures to
prevent GFP-15 refolding (2). Unfolding was monitored over
time at 23 °C using a Varian Cary Eclipse fluorescence spectro-
photometer with a well-plate reader. Excitation and emission
wavelengths were 395 and 510 nm, respectively. For subunit
mixing experiments, ClpB) and ClpB mutant proteins, as
indicated, were added to a total ClpB concentration of 1.0 uM
and reactions initiated by the addition of MgATP. GFP-15
unfolding rates were determined from the initial linear decrease
in fluorescence intensities.

GFP Reactivation. GFP reactivation assays (100 wL) contained
buffer A, 4 mM ATP, an ATP regenerating system as above, 10
mM MgCly, 10 nL heat-aggregated GFP (heated 10 min at 80 °C
at4.5 uM), and 1.0 uM total ClpB, either ClpB), ClpB mutant,
or a mixture containing both in various ratios as indicated.
Reactions were initiated by the addition of MgATP, and reac-
tivation was monitored over time at 23 °C as described above for
GFP-15 unfolding. GFP reactivation rates were determined from
the initial linear increase in fluorescence intensities.

MDH Disaggregation. Reaction mixtures (60 nL) contained buffer
A, 5 mM ATP, an ATP regenerating system as above, 0.005%
Triton X-100 (vol/vol), 17 mM MgCl,, 25 nL heat-aggregated
[*HIMDH (prepared by heating 2.0 uM [*H]MDH in 50 mM
TrissHCI, pH 7.5, 150 mM KCI, 2 mM DTT, and 0.1 mM EDTA
for 33 min at 47 °C), 1.4 uM Dnak, 0.25 uM Dnal, and 0.13 uM
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GrpE, and 0.5 uM total ClpB, either ClpB), ClpB mutant, or
a mixture containing both in various ratios as indicated. Reac-
tions were initiated by the addition of MgATP. After a 40-min
incubation at 30 °C, reactions were stopped with 75 mM EDTA
and 75 mM (NH,4),SO4. The soluble fraction of [PH[MDH was
separated by centrifugation and quantified by scintillation count-
ing.

GFP-38 Reactivation. Reactivation assays (100 wL) contained
buffer A, 4 mM ATP, an ATP regenerating system as above, 10
mM MgCl,, 5 L heat-aggregated GFP-38 (heated 15 min at
80 °C at 14 puM, frozen on dry ice, thawed, and used immedi-
ately), 0.9 uM Dnak, 0.15 uM Dnal, 0.08 uM GrpE, and 0.5 uM
total ClpB, either ClpBt), ClpB mutant, or a mixture containing
both in various ratios as indicated. Reactions were initiated by
the addition of MgATP, and reactivation was monitored over
time at 23 °C as described above for GFP-15 unfolding. GFP-38
reactivation rates were determined from the initial linear in-
crease in fluorescence intensities.

RepA Activation. Reaction mixtures (20 nL) contained buffer A,
4mM ATP, 10 mM MgCly, 50 ug/mL BSA, 0.005% Triton X-100
(vol/vol), 4 nM RepA, and 1.0 uM total ClpB, either ClpBwy),
ClpBB1,82), Or a mixture containing both in various ratios as
indicated. Reactions were initiated by the addition of MgATP.
After 10 min at 23 °C, 25 mM EDTA was added, and the
reactions were chilled to 0 °C. Calf thymus DNA (1 pg) and 15
fmol of [*H]oriP1 plasmid DNA were added. After 5 min at 0 °C,
the mixtures were filtered through nitrocellulose filters, and
retained radioactivity was measured.

ATPase. Reaction mixtures (50 uL) contained buffer A, 0.005%
Triton X-100 (vol/vol), 4 mM ATP or 2 mM ATP, and 2 mM
ATPyS as indicated, 0.1 pCi of [y->*P]JATP (>3,000 Ci/mM;
Perkin Elmer), 10 mM MgCl,, and 1.0 uM total ClpB, either
ClpBwi), ClpB(s1,82), or a mixture containing both in various
ratios as indicated. Reactions were initiated by the addition of
MgATP, incubated 30 min at 25 °C, and analyzed as described
in ref. 3.
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