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ABSTRACT. Lon (La) proteases are multimeric enzymes that are activated by ATP afd idlgs and
stimulated by unfolded proteins such ascasein. The peptidase activity of the Lon protease from
Mycobacterium smegmatfi®s-Lon) is dependent upon both its concentration and that gfrMaddition

of a-casein partially substitutes for Mgin activating the enzyme. In chemical dissociation experiments,
higher concentrations of urea were required to inhibit Ms-Lon’s catalytic activities after an addition of
o-casein. Analytical ultracentrifugation was used to directly probe the effect of activators of peptidase
activity on Ms-Lon self-association. Sedimentation velocity experiments reveal that Ms-Lon monomers
are in a reversible equilibrium with oligomeric forms of the protein and that the self-association reaction
is facilitated by M@" ions but not by AMP-PNP or ATFS. NaCl at 100 mM facilitates oligomerization

and stimulates peptidase activity at suboptimal concentrations of M§&dimentation equilibrium analysis
shows that Ms-Lon associates to a hexamer at 50 mM Tris and 10 mMVistGiH 8.0 and 20C, and

that the assembly reaction is Kfgdependent; the mole fraction of hexamer decreases with decreasing
MgCl, to undetectable levels in 10 mM EDTA. The analysis of experiments conducted at a series of
initial protein and MgCl concentrations yields two assembly models: dimetetramer— hexamer and

timer <= hexamer, equally consistent with the data. Limited trypsin digestion, CD, and tryptophan
fluorescence suggest only minor changes in secondary and tertiary structure ugodinkied
oligomerization. These results show that activation of Ms-Lon peptidase activity requires oligomerization
and that Ms-Lon self-association reaction is facilitated by its activato?Mand stimulator, unfolded
protein.

Members of the Lon family proteases are multimers of than the saturating concentration of ATE;((2) the protease
~85 000 Da subunits whose native molecular masses by gelactivity of IBDVP2 VP4, a viral Lon homologue that lacks
filtration are >450 000 Da {, 2). Cryoelectron microscopy an ATPase domain is stimulated by kMg11). Finally, Sc-
suggests that the Lon protease homologue f&auncharo- Lon has a less symmetric shape with leglike protrusions in
myces cerdsae (Sc-Lon) is a toroid containing seven the absence of ATR3J. The peptidase and ATPase activities
subunits 8). ATP activates both the peptidase and protease of both Ec-Lon and Ms-Lon are stimulated by unfolded
activities of Lon proteases. The hydrolysis of ATP is required proteins, such ast-casein {, 4). In contrast, only the
for degradation of large protein substrates, but only ATP peptidase activity of Ms-Lon is stimulated by simple
binding is required for the hydrolysis of small peptidds ( copolymers of amino acids (rcAAs). The existing data
4). Active site labeling experiments suggested that ATP support a model of Ms-Lon containing two polypeptide-
activates peptidase activity, in part by increasing accessibility binding sites distinct from the peptidase active sie The
to the peptidase active sit®)( ATP is essential for the  model is based on the observations that (1) rcAAs stimulated
oligomerization of several ATP-dependent proteases. HsIVU, Ms-Lon’s peptidase activity without concomitant stimulation
ClpXP, and CIpAP proteases all undergo ATP-dependent of its ATPase activity; (2-casein stimulates the peptidase
oligomerization 6—9). The CIpA regulatory ATPase, which  activity of an Ms-Lon mutant lacking its N-terminal domain
forms part of CIpAP, itself oligomerizes in the presence of (N—E226) without concomitant stimulation of its ATPase
ATP (8, 10). It is not known whether ATP or Mg regulate activity; (3) additions of low concentrations afcasein cause
the oligomerization of Lon proteases. However, a role for a further stimulation of the peptidase activity of Ms-Lon
Mg?* in Lon’s catalytic activities in addition to its binding  already maximally stimulated by rcAAs. In the present study,
to ATP is suggested by the following observations: (1) the the model of Ms-Lon structure and function is extended to
concentration of Mg required for maximal activity of the include the effects of Mg, ATP, and-casein on protein
Lon protease fronkEscherichia col(Ec-Lon) is much higher  oligomerization and Ms-Lon’s catalytic activities.
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cpsB10::lacZ(immh)leu::Tn10 sulB* lon146:: Tn1PpREP4
(akar® lacIQ containing vector; Qiagen). Overnight cultures
of fresh transformants were diluted 1:100 into fresh LB
medium [ampicillin (Sigma) at 10pg/mL and kanamycin
(Sigma) at 25¢g/mL] and grown at 37°C until the Asoo
value for the culture reached1l.0, followed by growth in
the presence of 1.0 mM IPTG for an additional 3 h. Cells
were disrupted by sonication in lysis buffer (50 mM Tris,
pH 8.0, 1.0 mM imidazole). Nickel affinity chromatography
involved binding cleared lysate from disrupted cells to-Ni
NTA—agarose (Qiagen; 5 mL of NINTA—agarose/L of
original culture volume), followed by washing with 180
200 volumes of lysis buffer containing 15 mM imidazole
and elution with 5 volumes of lysis buffer containing 100
mM imidazole. Affinity-purified His-Lon was concentrated
using a Centriprep 30 concentrator (Amicon) and further
purified on a Hi Load 26/60 Superdex 200 column (Phar-
macia) equilibrated in lysis buffer. Additional rounds of gel
filtration on a Hi Load 26/60 Superdex 200 column (Phar-

Rudyak et al.

Equilibrium analytical ultracentrifugation experiments
were carried out in six-channel centerpieces and monitored
by the protein’s absorbance at 280 nm. Three initial
concentrations of S675A ranging from 1 to L% were
centrifuged under each experimental condition analyzed.
Absorbance scans were collected after 22 and 24 h at 4000,
6500, and 9000 rpm. Equilibrium was assumed to have been
reached if the 22 and 24 h sets of scans were identical. The
absorbance offset was determined by “overspeeding” the
samples. The equilibrium data were analyzed using the
Optima XL-A/XL-I analysis software (Beckman/Coulter)
within Origin v4.1 (MicroCal).

Limited Trypsin Digestion of Ms-LonFive hundred
microliters of the proteolytically inactive Ms-Lon mutant
S675A (0.5u4M) was incubated with 0.8«g of trypsin
(Sigma) in 50 mM Tris (pH 8.0), with or without 10 mM
MgCl,. At selected time points, aliquots were withdrawn,
and the digestion was stopped by the addition of BD®f
10% trichloroacetic acid. Aliquots were chilled on ice for

macia) were employed to remove minor contaminants. This 20 min, centrifuged at 14 000 rpm for 10 min, and subjected

material was concentrated te-30 mg/mL as measured by
the Aggo Of the sample 12) and analyzed for homogeneity
using SDS-PAGE.

Peptidase and ATPase Assaysptidase assays contained
50 mM Tris (pH 8.0), either 0.5 or 4.0 mM ATP, 0.3 or 0.5
mM of Glt-Ala-Ala-Phe-4MpNA, and the indicated concen-
trations of Ms-Lon and MgGlin a total volume of 20Q«L.
Reactions were incubated for 30 or 60 min at 20 or’G7
and stopped by the addition of 1@0 of 1% SDS and 1.2
mL of 0.1 M sodium borate (pH 9.2). Fluorescence was

to 12% SDS PAGE. The stable S675A fragments were
visualized by staining the SDSPAGE with silver nitrate.

RESULTS

Ms-Lon Peptidase Actity Is Dependent on Mg and
Protein ConcentrationThe dependence of Ms-Lon’s pep-
tidase activity on Ms-Lon concentration was measured at 1
and 10 mM MgC4. The slopes of the curves shown in panels
A and B of Figure 1 reflect the relative rates of hydrolysis
of the Ms-Lon substrate Glt-Ala-Ala-Phe-4MA. In the

measured in a Photon Technologies QM-1 spectrofluorometerpresence of 10 mM MgG| the peptidase activity of Ms-
with excitation at 335 nm, and emissions were monitored at Lonis independent of enzyme concentration from 1.0to 0.1
410 nm. In continuous peptidase assays, fluorescence,m (Figure 1A). However, further decreasing the Ms-Lon
increases were directly measured in discrete reactions at 2QGoncentration below 0,2M resulted in a significant decrease

°C. The amount of 4MNA (4-methoxyfg-naphthylamide)

in peptidase activity. In contrast, Ms-Lon peptidase activity

released during peptidase assays was calibrated using th@lepended strongly on Ms-Lon concentrations at 1 mM MgCl
free compound (Sigma). In chemical dissociation experiments over the 1.6-0.1 M range of concentrations (Figure 1B).

Ms-Lon was incubated for 20 h at Z&« at the indicated

ATPase activity was also dependent on Ms-Lon concentra-

concentrations of urea. Reactions were started by additiontion at 1 mM but not 10 mM MgGl(data not shown). At an
of ATP and peptide substrate. ATPase assays were performed/s-Lon concentration of 0.LkM, the protein’s peptidase

as described previously,(13).

Analytical UltracentrifugationVelocity and equilibrium
analytical ultracentrifugation studies of Ms-Lon and S675A
were performed at 20C using a Beckman XL-I analytical

activity displays a sigmoidal dependence on Mg&incen-
tration (Figure 1C). Together, these results suggest that
oligomerization of Ms-Lon is required for its enzymatic
activity and that Mg"™ mediates the self-association reaction.

ultracentrifuge. Samples were dialyzed overnight against Therefore, a direct analysis of Ms-Lon self-association was

buffer containing 50 mM Tris (pH 8.0) and the indicated
concentration of MgGlor 10 mM EDTA. Sedimentation

undertaken.
Mg?" Stimulates Self-Association of Ms-Loknalytical

velocity experiments were conducted at 20 000 or 40 000 ultracentrifugation was used to directly determine whether
rpm in Al-Epon two-channel centerpieces using interference Ms-Lon exists in reversible subunit equilibrium in solution.

optics. The concentration of S675A or Ms-Lon was-116

Initial sedimentation velocity experiments compared Ms-Lon

uM unless otherwise indicated. The sedimentation boundariesand a proteolytically inactive S675A mutant in the presence
are presented as the change in boundary concentration witrand absence of Mg&lAnalyses of these data revealed that

time [dc/dt] vs s* [ =In(r/rm)/w?t] using DCDT+ vI.13 (14),
wherer is the radial position;, is the radial position of the
solution column meniscusy is the speed in radians per
second, andlis time. The observed values were normalized
to standard conditionssfw and Do) by correcting for
solvent density and viscosity. A value for the partial specific
volume, v, of 0.7361 crig ' was calculated from the amino
acid composition of the protein using SEDNTERP v1.04

(15).

Ms-Lon and S675A had essentially superimposable profiles
in all tested conditions (data not shown). Thus, subsequent
ultracentrifugation experiments employed the S675A mutant
in order to avoid possible complications arising from self-
proteolysis.

Sedimentation velocity experiments were conducted in
order to establish a qualitative picture of Ms-Lon self-
association. Figure 2 shows the results obtained upon
sedimentation of S675A at concentrations of 13, 6, and 2
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62 4 6 8 10 FiGURE 2: Sedimentation velocity profiles in the presence and
MgCly (mM) absence of 10 mM MY. The sedimentation velocity profiles are

. ; ity hown for the samples containing (A) 13, 6, angM Ms-Lon,
Ficure 1: The Ms-Lon peptidase activity is dependent on Ms- S -
Lon and Mg" concentration. The continuous time traces of Ms- 10 MM MgCh, and 50 mM Tris, pH 8.0, and (B) 13, 6, and:&

Lon peptidase activity were obtained at the following concentrations MS-Lon, 10 mM EDTA, and 50 mM Tris, pH 8.0. Thevalues

of MgCl: (A) 10 mM MgCl; (B) 1 mM MgCl. Ms-Lon peptidase corresponding to the maximum of the peaks were 15.8, 14.9, and
activity was measured in a continuous time assay, with Glt-Ala- 14-0 S for samples containing 13, 6, andi@ Ms-Lon and 10
Ala-Phe-4MBNA as peptide substrate at 20, and the traces were MM MgClz, and 12.4, 11.7, and 9.7 S for samples containing 13,
divided by the concentration of Ms-Lon ranging from 0.05 to 1 & @nd 2uM Ms-Lon and 10 mM EDTA, respectively.

uM. The fluorophore 4MNA becomes fluorescent only upon

cleavage from peptide. This allows us to measure the Ms-Lon association was less dramatic than that of Mg®Gut still

activity in real time. The traces become nonlinear at higher measurable. The shift of the Ms-Lon’s sedimentation bound-

concentrations of Ms-Lon>(2 uM), probably due to inhibition by ; ; ; thi
ADP or substrate exhaustion. The repeats of these experimentsarles to highes values reached approximately one-third of

produced similar results. (C) Shown are the 30 min peptidase assaydhat in the presence of 10 mM MgQ(Figure 3A). While
containing 0..uM Ms-Lon, 0.5 mM Glt-Ala-Ala-Phe-4MNA and NaCl at 100 mM was unable to support degradation of Glt-
incubated at 20C. Reactions contained 0.2 mg/nakcasein, where Ala-Ala-Phe-4MBNA in the absence of MgGl at low
indicated. The peptidase activity is in moles of peptide hydrolyzed ~qncentrations of MgG) 100 mM NaCl stimulated the Ms-

per mole of Ms-Lon monomer per minute. The solid lines represent , . o . o - .
the fit of data into the Hill equationil() with values ofKeq = 4.0 Lon’s peptidase activity, consistent with its stimulation of

and 3.5 mM andny = 2.2 and 1.9 for samples containing no oligomerization (Figure 3B).

a-casein or 0.2 mg/mia-casein, respectively. Although the results presented above clearly show that
uM in buffer containing 10 mM MgGl (panel A) and 10 nucleotide binding is not required for Ms-Lon self-assembly,
mM EDTA (panel B). The shift of the sedimentation the b|r_1d|_ng of nucleotides has been showr_1 to st|_mulate self-
boundaries to highers values with increasing protein ~@ssociation of a number of proteases including CIpAP,
concentration is indicative of a reversibly associating system. CIPXP, and HsIVU 6—8). Figure 4 shows that 0.5 mM
Other hallmarks of an interacting system exhibited by Ms- ATPyS or 0.5 mM AMP-PNP in the presence of 10 mM
Lon include the asymmetry of the boundary shapes and thatEDTA has no effect of Ms-Lon self-association. Additional
the shapes change with protein concentration. The shift of Sedimentation velocity studies of Ms-Lon in buffer containing
the sedimentation boundaries to higlseralues at 100 mM 0.5 mM ATFyS or 0.5 mM AMP-PNP at the conditions
MgCl, and the appearance of additional higeaks suggest ~ Where Ms-Lon is partially dissociated (2 mM Mgfland
that Mg?* ion binding facilitates Ms-Lon self-association. fully oligomerized (10 mM MgGj) were indistinguishable

Similar studies conducted at 25 and 50 mM Mg@id not from sample containing no nucleotide. An alternative model,
yield sedimentation profiles appreciably different from those that ADP inhibits Ms-Lon activity by inhibiting its oligo-
obtained at 10 mM MgGl(data not shown). merization, was also tested. However, no change in the

Sedimentation velocity experiments with samples contain- sedimentation pattern was observed in the presence of
ing 100 mM NaCl were analyzed in order to ascertain saturating ADP (data not shown). Overall, these results reveal
whether the effect of Mg ions on Ms-Lon oligomerization  that Mg* stimulates association of Ms-Lon, while ATP
was specific. The effect of 100 mM NaCl on Ms-Lon self- analogues and ADP have little effect on it.
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The s values corresponding to the maximum of the peaks were 4 ' P 3 10 12
14.9, 13.1, and 11.4 S, respectively. (B) Shown are the peptidase N-mer

activities of samples containing O Ms-Lon, 50 mM Tris, pH
8.0, and the indicated concentrations of Mg®@ith or without the
addition of 100 mM NaC1.

FIGURE 6: Variance for monomer> n-mer models. The variance
(parameter, which is proportional to the deviation of residual) was
calculated for models containing monomer amoher for samples
containing the indicated concentrations of MgCTlhe minimum

T T T T

?3“ 0.006 £ 3 point for each curve indicates the optimal fitting model.

v ——@— 110 nucleotide

& 0005 F o e fast-moving boundaries that comprise-B0% of the total

éb signal were evident in the sedimentation velocity experiments

B (Figure 2A), suggesting that higher order Ms-Lon oligomer-

;’ ization is possible. These species could be accounted for in
the equilibrium data by extending the fitted model to include
dodecamer at this condition (data not shown). Further fitting

of alternative oligomerization models indicates the minimal
10 o fgvedbsg ! 40 oligomer is larger than a monomer. Equivalently good fits
& were obtained to the dimer tetramer—> hexamer and trimer
Ficure 4: Sedimentation velocity profiles in the presence and < hexamer models (Figure 7) that were superior to the
absence of nucleotides. The sedimentation velocity profiles are monomer<> hexamer and dimes> hexamer models. A

;rll?;\{nlfg/zmew?sa_rlr_]g:]e'slcoomi}lngg_?i rgmﬁé?%rﬁ.?rims{vl&Mgbl dissociation constant of4 4M (in Ms-Lon monomer units)
The s values corresponding to the maximum of the peaks were Was obtained for the trimer hexamer transition at 10 mM
11.6,11.2, and 11.6 S for samples containing 0.5 mM ASF0.5 EDTA, decreasing to~0.5 uM at 1 mM MgCkL and to
mM AMP-PNP, and no nucleotide, respectively. undetectable at 10 mM Mgglindicating that Ms-Lon is
Sedimentation equilibrium was used to further explore the mostly hexamer at the later condition.
Mg?*-linked oligomerization of Ms-Lon. The weight average The Secondary Structure of Ms-Lon Does Not Change
molecular weight of Ms-Lon increases as a function of MgCl  Significantly upon Mé-Linked AssociationThe interpreta-
concentration (Figure 5) with a dependence comparable totion of the sedimentation velocity studies assumed that
that of peptidase activity. Further increase of Mg€bn- changes in the ultracentrifugation profiles were solely
centration up to 50 mM did not detectably increase Ms-Lon attributable to changes in the oligomerization state of Ms-
self-association (data not shown). Analysis of the equilibrium Lon. However, this assumption would not be appropriate if
concentration distributions obtained at each concentration ofthere were significant Mg-dependent rearrangements of the
MgCl, against the model monomer n-mer withn ranging Ms-Lon monomer. To probe Ms-Lon structural change upon
from 4 to 12 yielded the hexamer as the oligomer that overall Mg?*-linked oligomerization, limited proteolysis by trypsin
best describes this ensemble of data (Figure 6). At 10 mM was employed. A gel showing the trypsin digestion profile
MgCl, the minimum of the variance shifts to armer value of Ms-Lon as a function of MgGlconcentration is depicted
greater than six (Figure 6). However, under this condition, in Figure 8. Previously, we identified the most stable
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Ficure 7: Sedimentation equilibrium profiles of Ms-Lon. The fits are shown as solid lines for the following equilibrium models: (A)
dimer< tetramer— hexamer; (B) trimet=> hexamer. The sample contained Ms-Lon (loading concentratioryd8) n the buffer containing

10 mM EDTA and 50 mM Tris, pH 8.0. The absorbance of the cell was measured at 280 nm at speeds of 6500 and 9300 rpm. The weighted
fits for corresponding equilibrium models were calculated as described in Experimental Procedures.
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Ficure 8: Limited trypsin digestion of Ms-Lon. The indicated fragments of Ms-Lon (L) were identified previously as containing the
following sequences: + T205-G-M-E-K-T; Il = G335-M-A-V-V-G; Il = M (within affinity tag)-R-G-H6. Proteins were fractionated by

12% SDS-PAGE and stained with silver nitrate. Numbers correspond to time of digestion in minutes.

fragments as consisting of highly conserved C-terminal the MgCh concentration was varied from 0 to 10 mM and
domains and parts of ATPase domains (fragments | and Il, Ms-Lon was at 2M. Furthermore, tryptophan fluorescence
corresponding to fragments containing the Ms-Lon sequenceof Ms-Lon showed only a minor change upon MgCI
starting from residues 205 and 335, respectively) and the 25addition. The tryptophan fluorescence of Ms-Lon(!)

kDa N-terminal domain (fragment 111)2f. The number of decreased by less than-8% upon addition of 10 mM
stable fragments remained essentially the same upon additioiVigCl,, and the emission maximum remained the same at
of 10 mM MgCh; however, the half-life time of the Ms- 336 nm. We conclude that Mt+linked association does not
Lon fragments increased. To control the effect of Mg@i involve the significant change of the tertiary structure of the
trypsin activity, we measured the cleavage of the fluorescentmonomer.

peptide Glt-Glt-Arg-AMC by trypsin in the presence and Peptidase Actity Stimulation by a-Casein Is Mg"
absence of 10 mM MgGl We observed no inhibition of  Concentration Dependerferevious studies demonstrated that
trypsin activity by MgC}, indicating that stabilization of  both the peptidase and ATPase activities of Lon proteases
trypsin digestion fragments is not due to modulation of are stimulated by unfolded proteins, suchvasasein {, 4).
trypsin activity by Mg+ ions. These results indicate that Ms- We measured the stimulation of Ms-Lon’s peptidase activity
Lon trypsin cleavage sites are protected at high MgCl by a-casein at 0.5, 1, 2, 4, 6, and 10 mM Mg@Figure 9).
concentrations; however, the profile of stable fragments The stimulation reached several hundred percent when the
remains unchanged. To probe further the secondary structureMgCl, concentration was below 1 mM (Figure 9). By
changes of Ms-Lon, the CD spectra at 0, 0.5, 1, 2, 4, 6, and contrast, the peptidase activity was stimulated only by few
10 mM MgChL were determined (data not shown). The percent when MgGI concentration was>4 mM. The
differences between CD spectra were minor; only a small stimulation was also temperature dependent and was practi-
4—6% increase ofx-helical structure was observed when cally nonexistent at room temperature. Howewefasein
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containing~17uM Ms-Lon and the indicated concentration of urea
in 10 mM MgCL and 50 mM Tris, pH 8.0. The profiles were
corrected for the viscosity and density of the solutions. Shalues
corresponding to the maximum of the peaks were 14.8, 14.9, and
15.9 S for the samples containing 1 M, 0.5 M, and no urea,
respectively.

T T T T

g Peplidase
—& - ATPase

e

j)

(=)
T

300 [

Stimulation (%)

0 0.2 0.4
Urea (M)
Ficure 12: The peptidase and ATPase activities of Ms-Lon are
stimulated bya-casein. Stimulation of peptidase and ATPase
activities bya-casein. Ms-Lon (0.2M) was incubated for 60 min

at 37 °C with or without 0.2 mg/mLa-casein after denaturation
with urea for 20 h.

experiments were performed in the presence of up to 1 M

urea. Although the concentration of Ms-Lon in the sedimen-

tation velocity experiments is appreciably higher than that

present in the peptidase assays, protein dissociation is
observed as a function of urea. Valuesd@peak) corrected

FiGURE 10: The peptidase and ATPase activities of Ms-Lon are for viscosity and density are 15.9, 14.9, and 14.8 S for O,
inhibited by low concentrations of urea. (A) Peptidase and ATPase 0.5, and 1.0 M urea (Figure 11), respectively. The stimulation

activities of Ms-Lon (0.2uM). The reactions were incubated for
60 min at 37°C with or without 0.2 mg/mLa-casein after
denaturation with urea for 20 h. (B) Ms-Lon tryptophan fluores-
cence. The samples containing @ Ms-Lon were incubated for

of the peptidase and ATPase activities of Ms-Lon was
measured in the presence of 0.2 mg/micasein (Figure
12). The peptidase activity of Ms-Lon at 3€ and 10 mM

20 h in the presence of the indicated concentration of urea. The MgCl, in the absence of urea is stimulateeb0% by
fluorescence spectra were recorded at an emission wavelength ofy-casein, increasing to several hundred percent at higher

345 nm (excitation at 295 nm) in duplicate.

concentrations of urea (Figure 12). In addition, the concen-

is stimulatory even at room temperature when Ms-Lon is tration of urea required to half-maximally inhibit Ms-Lon

incubated at low MgGlconcentration (Figure 9). Ms-Lon

peptidase activity in the presence @fcasein increased by

peptidase and ATPase activity is inhibited at concentrations ~0-2 M. The ATPase activity of Ms-Lon in the absence of

of urea (0.5-0.8 M, Figure 10A) significantly lower than
the 2-3 M urea required for the denaturation-induced

urea is stimulated 150% bw-casein, also increasing to
several hundred percent in the presence of subdenaturing

decrease in Ms-Lon tryptophan fluorescence (Figure 10B) concentrations of urea (Figure 12). The stimulatory effect
and shifting of the maximum of tryptophan fluorescence to Of a-casein on Ms-Lon activity as a function of urea is
longer wavelengths (data not shown). These results sugges€omparable to that described above for Mgons and is

that the observed inhibition of Ms-Lon’s catalytic activities

most plausibly linked to urea-induced dissociation of the

by urea is not due to protein denaturation. An alternative catalytically active Ms-Lon oligomer. Initial attempts to
explanation suggested by the data presented above is thalemonstrate-casein stimulation of Ms-Lon oligomerization
urea destabilizes the Ms-Lon oligomer and hence its pepti- by analytical ultracentrifugation were not successful due to
dase activity. To test this hypothesis, sedimentation velocity self-association oft-casein.
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DISCUSSION

All major ATP-dependent bacterial proteases are either
homo- or heterooligomers. The results presented in this pape
show that oligomerization is also required for Ms-Lon
activity. By analogy with other proteases, we expected that
the regulation of oligomerization might occur through an
ATP-dependent mechanism. However, Ms-Lon oligomer-
ization requires only ions, not nucleotide binding. At the low
Mg?* concentrations found in cellular milieu, the equilibrium
favors low oligomeric forms of Ms-Lon. At high Mg, Ms-

Lon existed almost exclusively as higher order oligomers.
While the present dgta cannot distinguish between the trlmerby unfolded protein through increased oligomerization is not
< hexamer and dimer> tetramer<> hexamer assembly : L

the only mechanism of activation.
models, the data do suggest that the Ms-Lon monomers are

concentrations of free Mg [1—2 mM (16)] such stimulation
would be important, because Ms-Lon is almost inactive at
rthose conditions (Figure 1C). Hence, at the biological
concentration of M§", Ms-Lon is postulated to be inactive
until it binds an unfolded protein substrate, thus protecting
normal cellular proteins from degradation. This effect would
be in addition to the stimulation of peptidase activity through
change in accessibility of catalytic nucleophile. We have
previously demonstrated that unstructured polypeptides
increase the rate of labeling of the cysteine substituted for
the catalytic nucleophile by pyrene maleimide, indicating
opening of the active sit&). Hence, activation of Ms-Lon
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