
Vol. 172, No. 12

Saturation and Specificity of the Lon Protease of Escherichia colit
ETIENNE DERVYN,t* DANIELLE CANCEILL,t AND OLIVIER HUISMAN
Unite de Genie Microbiologique, Departement de Biotechnologie, Institut Pasteur,

75724 Paris Cedex 15, France

Received 29 May 1990/Accepted 27 September 1990

Lon is an ATP-dependent protease of Escherichia coli. The Ion mutation has a pleiotropic phenotype: UV
sensitivity, mucoidy, deficiency for lysogenization by bacteriophage lambda and P1, and lower efficiency in the
degradation of abnormal proteins. All of these phenotypes are correlated with the loss of protease activity. Here
we examine the effects of overproduction of one Lon substrate, SulA, and show that it protects two other
substrates from degradation. To better understand this protection, we mutagenized the sulA gene and selected for
mutants that have partially or totally lost their ability to saturate the Lon protease and thus can no longer protect
another substrate. Some of the SulA mutants lost their ability to protect RcsA from degradation but could still
protect the 0 thermosensitive mutant protein (Ots). All of the mutants retained their capacity to induce cell
division inhibition. It was also found that deletion of the C-terminal end of SulA affected its activity but did not
affect its susceptibility to Lon. We propose that Lon may have more than one specificity for peptide cleavage.

The ion gene, localized at 10 min on the Escherichia coli
genetic map, codes for the ATP-dependent Lon protease (5,
6). Cells carrying mutations in this gene were isolated by
their property of forming long filaments after UV irradiation
(15). Independently, protein degradation mutants were iso-
lated as mutations able to stabilize P-galactosidase nonsense
fragments and were localized to the deg locus (1, 2). The ion

and deg loci were mapped to the same position and were
indistinguishable phenotypically (13, 32). The extremely
pleiotropic effects of these mutants have been described:
they are hypersensitive to UV, mucoid, defective in bacte-
riophage X and P1 lysogenization, and defective in the
degradation of abnormal proteins. Each of these features is
attributable to the inactivation of Lon. UV hypersensitivity
is due to an irreversible stabilization of the cell division
inhibitor SulA (SfiA) induced as part of the SOS response by
any agent damaging DNA (11, 17, 29). The result is filamen-
tation and cell death. Mucoidy is related to overproduction
of capsular mucopolysaccharides due to the stabilization of
the transcriptional activator RcsA of the cps (capsular
polysaccharide synthesis) genes (12, 16, 22, 34, 35). The
lysogenization defect in a Lon mutant is due to both the
stabilization of the lambda antiterminator N and (an unex-
plained) increased degradation of the positive regulator of
lysogeny CII (10, 36, 38); the lysogenization defect is prob-
ably also due to the increased mucoidy. In vivo radioactive
labeling experiments provide evidence that Lon can degrade
SulA (20, 29), RcsA (34), and lambda N protein (10). Lon
inactivation strongly stabilizes some abnormal proteins such
as nonsense or missense fragments, foreign proteins, and
mutated proteins (8, 27).
The Ion gene has been cloned (40), and the Lon protease

has been purified and characterized (5, 6). Transposon in-
sertions have been introduced in the gene, leading to com-
plete loss of protease activity in the cell, showing that Ion is
dispensable (24).
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In vitro, in the presence of ATP and Mg2", Lon degrades
many substrates such as casein, globin, and denatured
albumin. Two molecules of ATP are hydrolyzed for each
peptide bond cleavage (39). Lon also degrades some small
peptides in the presence of nonhydrolyzable ATP analogs.
The binding of ATP may play a role in the allosteric
modification of the proteolytic site (25). Recently, in vitro
proteolytic activity of Lon has been demonstrated on phys-
iological substrates, i.e., the N protein of X phage (23) and
the SulA protein (M. R. Maurizi and D. Canceill, unpub-
lished data).

In an attempt to establish the basis of the specificity of
Lon for its substrates, we examined more precisely the
interaction between Lon and SulA. This choice was moti-
vated by several criteria. (i) SulA is a small (18-kDa) natural
protein of E. coli, with a known sequence, and which is
known in vitro to be a Lon substrate. (ii) The mode of action
of SulA is well known: after SOS induction, it interacts with
its target SulB (FtsZ), an essential protein of cellular division
apparatus, and transitorily blocks septation to permit repair
of DNA lesions (14, 18, 19). (iii) In lon+ cells, division is
restored by degradation of the SulA protein. (iv) SulA
activity is easy to test since in ion mutants its accumulation
after exposure to DNA-damaging agents causes filamenta-
tion and cell death.

In this work we examined the effect of overproduction of
the SulA protein on Lon activity with respect to its other
substrates. We observe that Lon can be saturated by an
excess of SulA, thus protecting the other substrates from
degradation. We also generated mutants of sulA which retain
SulA activity but do not saturate Lon.

MATERIALS AND METHODS
Strains and plasmids. Strains used for this study are

summarized in Table 1. P1 transductions were done as
described previously (28). The F' plasmid, carrying the
lactose repressor (lacJq iacZ::TnS), was used for conjuga-
tion; F' was selected by using kanamycin (50 pug/ml) and the
recipient was selected by using streptomycin (200 pug/ml).
The sulB* mutation is a double mutation in the sulB gene that
allows the strain to support the sulA gene on a multicopy
plasmid (18); the SulB* product has normal activity in the
cell division apparatus but is insensitive to SulA-dependent
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TABLE 1. Bacterial strains used

Escherichia Relevant genotype Reference, source, or
coli strain construction

JM101 A(lac pro) thi supE F' traD36 proAB laclJ lacZAMJ5 26
JM101 Lon- Alon-510 gal S. Gottesman
SG20250 F- araD139 AlacUl69flbB relA rpsL deoC 12
SG20582 cpsBJO:: lacZ (imm`) 4
JT4000 Alon-510 S. Gottesman
OHP3 Alon-510 leu::TnJO sulB* JT4000 + P1 GC2550
OHP7 Alon-510 leu:: TnlO sulB* F' lacq lacZ:: Tn5 OHP3 + GC2438
OHP8 cpsBIO::lacZ (immX) leu::TnJO sulB* SG20582 + P1 GC2550
OHP14 leu::TnlO sulB* SG20250 + P1 GC2550
OHP17 leu::TnJO sulB* F' laclq lacZ::TnS OHP14 + GC2438
GC2438 A(lac pro)XIII thi rpsE Valr F' lacIq lacZ::Tn5 pro' R. D'Ari
GC2550 thr pro his arg Ion str leu::TnJO sulB* pTU302(sulA Ap) R. D'Ari

division inhibition. This mutation has been transferred into plasmid carrying the sulA gene under the control of the
the OHP strains (Table 1) by cotransduction with the leu lacZp promoter. To 1 volume of DNA (1 ,ug/ml) were added
gene in which TnJO is inserted and was selected by using 5 volumes of 100 mM Na2PO4, 1 mM EDTA (pH 6), 2, 4, or
selecting 10 ,ug of tetracycline per ml. 6 volumes of 1 mM hydroxylamine, in 1 mM EDTA (pH 6).
The plasmids used in this work are described in Table 2 The tubes were then completed to 12 volumes with 1 mM

and Fig. 1. EDTA (pH 6). The samples were incubated for 45 min at 0°C
Media. All of the media used were described previously by and 30 min at 60°C and then dialyzed against 2 liters of 10

Miller (28). Strains were grown in LB medium. The Lac' mM CaCl2 for 4 h at 4°C. The mutagenized DNA was used to
phenotype was determined on MacConkey agar medium. TB transform strain JM101. Plasmid DNA was extracted in
medium and gelose H have been used for A phage experi- batch by the alkaline method (3) and used to retransform
ments. M9 minimal medium supplemented with 0.01% thia- OHP8. Mutants were screened and analyzed in strain OHP8.
mine, 0.4% glycerol, and 0.01% of appropriate amino acids C-terminal deletions in the sulA gene. The C-terminal
(aa) was used for strain constructions and the pulse-chase deletions in the sulA gene were generated by treating plas-
experiments with [35S]methionine. mid pOHP293 (containing sulA) with EcoRV followed by
Measurement of the saturation of RcsA degradation. RcsA BAL 31 "fast" enzyme (New England BioLabs). The ends

degradation was evaluated in the strain containing the gene were filled in with T4 DNA polymerase (New England
fusion cpsB::iacZ (OHP8). When RcsA accumulates, the BioLabs), and XbaI linkers containing a stop codon in all
cps::lac gene fusion is induced and a Lac' phenotype on three reading frames (New England BioLabs) were inserted.
MacConkey agar plates is detectable. Constructions were checked by sequencing with the dideoxy
Measurement of Ots protein stability. The stability of the 0 method (31).

thermosensitive mutant protein of X phage (Ots) was mea- Filamentation test. Plasmids containing the native or mu-
sured (13) as follows. The Ion' (OHP14) and Ion (OHP3) tated sulA gene were introduced in the JM101 Ion' and Ion
strains, with or without the SulA-overproducing plasmid, strains. At the beginning of exponential growth (optical
were grown in TB medium. The Ots phage was adsorbed for density at 600 nm, 0.2), the culture was diluted twofold and
30 min at room temperature, spread in gelose H on TB isopropyl-3-D-thiogalactopyranoside was added to a final
plates, and incubated at the nonpermissive temperature concentration of 1 mM to induce SuIA synthesis. The size of
(39°C). In a Ion' strain, the protein was degraded and no the cells was followed by microscopic observation.
plaques formed; in the Ion strain, Ots was stabilized and SuIA half-life measurement. Measurements of SulA half-
plaques formed. life were performed on strains with or without the lactose

In vitro mutagenesis of the sulA gene on multicopy plasmid. repressor, containing a cloned copy of sulA under control of
Hydroxylamine mutagenesis was performed on the pOHP241 the lac promoter. An overnight culture was diluted 20-fold

TABLE 2. Plasmids used

Plasmid Relevant properties Reference or source

Cloning vectors
pBR322 Apr, Tcr
pUC8 Apr; pBR322 derivative carrying the Plac 37
pRS414 Apr; pBR422 derivative carrying a strong terminator (T1) 33
pACYC184 Cmr, Tcr; compatible with pBR322 4

Other plasmids
plon+500 Apr; Ion gene (EcoRI-SphI fragment) cloned in pBR322 24
pGC165 suIA+ Apr; pja&c-suA operon fusion constructed on the plasmid pUC8 18
pOHP241 Apr; pUC8 derivative (Fig. 1) This work
pOHP280 Apr; Plac-sulA from pOHP241 (PvulI-BamHI fragment) cloned in pRS414 (Smal- This work

BamHI digested) downstream of T1
pOHP293 Apr; pBR322 derivative (Fig. 1) This work
pOHP469 Tcr; ion gene (EcoRI digestion after insertion of an EcoRI linker in the EcoRV This work

site of plon'500) cloned in the EcoRl site of pACYC184
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FIG. 1. Map of the plasmids pOHP241 (pUC8-derived plasmid)
and pOHP293 (pBR322-derived plasmid). To construct the plasmid
pOHP241, the plasmid pGC165 sulA' was cut by EcoRI (between
Plac and sulA) and then digested by the BAL 31 enzyme to delete the
SOS box (binding site of the SOS repressor, LexA) to obtain better
expression of sulA. To construct the pOHP293 plasmid, the Plac-
sulA fusion was cloned into the pBR322 plasmid after subcloning
into the pRS414 plasmid to introduce upstream of the promoter a
strong terminator. The PvuII-BamHI fragment of the pOHP241
plasmid was cloned in the pRS414 plasmid digested by SmaI-
BamHI; the plasmid obtained, pOHP280, was digested by PstA-
BamHI and the fragment with the Plac-SUlA fusion was cloned into
the pBR322 plasmid, also digested by PstI-BamHI.

and incubated with shaking at 30'C. At an optical density at
600 nm of 0.6, cells were diluted twofold with isopropyl-p-
D-thiogalactopyranoside added to a concentration of 5mM
and incubated for 30 min at 30TC. The cells were then labeled
with 100 RCi of [35S]methionine (Amersham; 1,000 Ci/mmol)
at 30'C for 30 s for the Ion' strain (OHP17) or for 2 min for
the Ion strain (OHP7). The label was chased by the addition
of nonradioactive methionine (final concentration, 0.025%).
At given time points, 100-pil samples were removed and
prepared by the Laemmli method (21) for loading onto a 15%
sodium dodecyl sulfatepolyacrylamide gel. After electropho-
resis, the labeled SulA protein bands were identified by
autoradiography and the corresponding bands were cut out,
solubilized in NCS (Amersham), and evaluated for radioac-
tivity in a scintillation counter.

RESULTS

The overproduction of SulA can saturate the Lon protease.
The effect of overproduction of SulA protein on its sensitiv-
ity to degradation by Lon was measured by determining its
half-life. The SulA gene was cloned under control of the
lactose promoter on two multicopy plasmids, pBR322 and
pUC8; the copy number of the pUC8 derivative is 5 to 10

100 z

50

5 10 15 20 25

Chase timemn
FIG. 2. Measurement of the stability of SulA produced by the

lacZp-sulA fusion cloned on a multicopy plasmid. The half-lives
were measured as described in Materials and Methods. The strains
either contained (OHP17; closed symbols) or did not contain
(OHP14; open symbols) the lactose repressor. The plasmids carry-
ing the lacZp-sulA fusion were either a pBR322-derived plasmid
(pOHP293; triangles) or a pUC8-derived plasmid (pOHP241;
squares).

times higher than that of pBR322 derivative (30). The half-
life of SulA was measured in strains containing the sulA gene
in multicopy with or without the lactose repressor. In a
strain containing either of the sulA clones, in the presence of
the lactose repressor (F' lacJq), the half-life of SulA is 2 min.
In strains without the repressor, i.e., SulA is overproduced,
the half-lives are 10 min (pOHP293: pBR322-derived plas-
mid) and about 100 min (pOHP241: pUC8-derived plasmid)
(Fig. 2). The higher stability of SulA overproduced by
pUC18 is probably not due to the formation of inclusion
bodies because a biphase stability curve was not observed.
As SulA overproduction seems to saturate Lon and thus

limit its own degradation, we tested its effect on other Lon
substrates. The RcsA protein is the transcriptional activator
of the cps (capsular mucopolysaccharide synthesis) gene. A
Ion' strain which contains a cps::lac operon fusion on its
chromosome (OHP8) is phenotypically Lac- because the
activator is degraded by the Lon protease and the cps genes
are not transcribed. If the plasmids overproducing SulA
(pOHP241 or pOHP293) are introduced in this strain
(OHP8), the cells have a Lac' phenotype; we interpret this
result as an accumulation of RcsA caused by the saturation
of the Lon protease by the excess of SulA. Thus, the RcsA
protein seems to be protected from Lon degradation by SulA
overproduction.
A second substrate of the protease, the X phage protein

Ots, was tested. At 390C in the lon+ strain (OHP14), the
phage cannot grow (because of degradation of Ots) and no
plaques form on the plates, whereas in the Ion strain the
phage grow and plaques form at normal frequency (13). In a
Ion' strain containing the SulA-overproducing plasmid
pOHP241 or pOHP293, plaques are present at 390C; this
stabilization of Ots protein is another indication of the
saturation of the Lon protease. If the explanation for the
above results is that Lon is present in limiting amounts and
can be saturated by an abundance of substrate, the introduc-
tion of a Lon overproducer should reverse this saturation. A
multicopy plasmid containing the Ion gene (pOHP469; Table
2) was introduced into strains OHP8 or OHP14 together with
SulA-overproducing plasmids (pOHP293 or pOHP241). As
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TABLE 3. Characteristics of the SulA mutants obtained from
hydroxylamine mutagenesis

Filamentation' Competitionb SulA half-
Plasmid life (min)

Ion' Ion Ots RcsA Ion' Ion

pUC8 - - - -

pOHP241 (wt) + ++-+ ++ ++ 2 55
Mutant
A - +++ - - 2 60
B - +++ - - 2 50
C - +++ + - 5 60
D + +++ +++ - 5 55
E + +++ + - 2 60

a Symbols: -, no filaments observed; +, small filaments observed; +++,

large filaments observed.
b Symbols: -, no competition; +, low levels of competition; + +, wild-type

levels of competition; + ++, higher levels of competition.

above, Lon activity was measured by the Lac phenotype of
the cps::lac fusion (in strain OHP8) or by the ability of the X

phage Ots to grow at 39"C (in strain OHP14). The Lac+
phenotype was reversed, and no growth of the X phage Ots
at the nonpermissive temperature was observed in the pres-

ence of pOHP469 in the appropriate strains tested. Thus,
protection of RcsA or the abnormal protein Ots permitted by
the overproduction of SulA was abolished by the introduc-
tion of the Lon-overproducing plasmid. These results indi-
cate that the Lon protease is the limiting element in the
degradation of proteins.

In vitro mutagenesis of the sulA gene on a multicopy
plasmid. We have demonstrated that, in a lon+cpsB::lacZ
strain, the introduction of the plasmid overproducing SulA
conferred a Lac+ phenotype, probably by stabilizing RcsA.
We asked if SulA mutants could be generated so that the
second "natural" substrate, RcsA, is not protected from
degradation by Lon and the strain would be Lac-. Such
SulA mutants may not be recognized by Lon, i.e., are Lon
insensitive. To test this, plasmid pOHP241 was mutagenized
with hydroxylamine and used to transform strain OHP8.
Transformants were examined on MacConkey lactose plates
for white Lac- colonies among red Lac+ colonies. Plasmid
DNA was prepared from 73 white colonies and used to
retransform the strain to be sure that the mutation respon-

sible for the Lac- phenotype was plasmid associated. Re-
striction enzyme patterns were analyzed to eliminate the
plasmids in which DNA rearrangements had occurred. For
the 60 remaining clones, we carried out a 30-s
[35S]methionine pulse-label after isopropyl-4-D-thiogalacto-
pyranoside induction in lon+ strains and analyzed the SulA
product on polyacrylamide gels. Bands corresponding to
SulA in size were excised and counted in a scintillation
counter. All clones producing an abnormal amount of pro-

tein (promoter mutations) or a protein of abnormal size
(nonsense mutations) were discarded. Five mutants were

retained after this test.
Biological activity of sulA mutants. For the five sulA

mutants, we tested cell filamentation in Ion or Ion+ strains,
the half-life of the SulA protein, and competition with an

abnormal protein, Ots (Table 3). Every plasmid expressing
mutated SulA induced filamentation in the Ion strain after
isopropyl-,-D-thiogalactopyranoside induction, indicating
that the mutant proteins were still active in their ability to
interact with SulB and inhibit cell division. As the mutants
were selected indirectly, i.e., for their inability to protect
RcsA from degradation by Lon, we then tested directly

TABLE 4. Characteristics of the SulA C-terminus deletions

No. of Filamentation" Competitionb SulA half-
Plasmid aa in life (min)

protein Ion+ ion Ots RcsA Ion' Ion

pBR322
pOHP293 wild type 169 + + + + ++ ++ 2.5 46
Deletion

1 71 - - - - ND" ND
2 113 - - - - 2 40
3 127 - - - - 2.5 48
4 149 - - - - 2 35
5 169 + +++ ++ ++ 2 44
6 169 + +++ ++ ++ 2 42

a Symbols: -, no filaments observed; +, small filaments observed; + ++,
large filaments observed.

b Symbols: -, no competition; + +, wild-type levels of competition.
C ND, Not done.

whether their own degradation by Lon was altered (Table 3).
The half-life measurements show that none of the mutants
was significantly stabilized: half-lives were between 2 and 5
min, compared with 2 min for the wild type. The protective
effects of the SulA mutant proteins with respect to Ots were
not all diminished as they were for RcsA; two of the mutants
lost their ability to protect Ots from degradation, while the
other three protected Ots. These results suggest that Lon
may have several aa sequence specificities, one for native
substrates and possibly one for abnormal substrates.

C-terminal deletions. Results of maxicell experiments (20)
suggested that SulA cleavage by Lon takes place at a
polypeptide end. Since the C-terminal region of SulA con-
tains a sequence similar to the Lon cleavage site of the
lambda N protein (4-aa identity in a 9-aa box; 7, 23) and is
the conserved region in the family of known SuIA-related
proteins (the unique N-terminal 30-aa sequence is thought to
be the part of SulA interacting with SulB) (7), it was
proposed that the C-terminal end is recognized by Lon (7).
To test this, we generated C-terminal deletions in the SulA
protein. After digestion by BAL 31 enzyme and insertion of
XbaI linkers at the end of the deletion, the DNAs of the
clones obtained were analyzed by restriction enzymes. The
C-terminal endpoints of the mutants were precisely deter-
mined by sequencing the region adjacent to the inserted
XbaI linker.
Four deletions were obtained in the sulA gene (deletions 5

and 6 are at 22 and 35 nucleotides after the TAA stop codon,
respectively). Activities of these mutants were examined
(Table 4). In every case, the deleted SulA protein lost all its
known characteristics; the mutants did not induce filamen-
tation in a Ion strain and were unable to protect either RcsA
or Ots from Lon degradation. Nevertheless, the proteins
were still actively degraded by Lon, with a half-life in lon+
strains equal to that of the wild-type protein. We conclude
that the N-terminal 113 aa of SulA are recognized by the Lon
protease, possibly by a secondary specificity. In addition,
the activity of SulA depends at least in part on the integrity
of the C-terminal end of the protein, as deletion of the
C-terminal 20 aa resulted in inactivation of SulA.

DISCUSSION
In this work we have shown that it is possible to saturate

degradation by the Lon system: the overproduction of one
substrate of Lon protease is able to protect a second
substrate from Lon degradation. This protection is active on
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either a natural substrate (RcsA) or a mutant protein (Ots)
which may be recognized as an abnormal protein. This
observation, together with the fact that degradation is re-
stored by introduction of a Lon-overproducing plasmid,
suggests that the limiting element is the protease itself.
By using these observations, we isolated five mutants of

SulA which have lost the ability to protect a natural sub-
strate, RcsA, from Lon; these were expected to have lost
their Lon recognition sites. All of these SulA mutants
retained the capacity to induce filamentation in a lon+ strain,
indicating that their interaction with SulB is correct. Surpris-
ingly, of five such mutants isolated, all were still recognized
by Lon (the half-lives of the mutants obtained were 1- to
2.5-fold that of nonmutated SulA) and they were not de-
graded in a Ion strain. However, these mutants had different
effects on a second Lon substrate; while two mutants lost the
ability to protect the abnormal protein Ots from Lon degra-
dation, one had an even greater ability to protect it. Two
mutants showed intermediate phenotypes with respect to
Ots. To explain these results, we propose that Lon has two
active sites, one with a high affinity for specific substrates
such a RcsA and SulA and the second with low affinity for
secondary sites exposed on abnormal proteins. Mutants of
SulA which have lost the primary recognition site may no
longer compete with RcsA for high-affinity sites. However a
SulA mutant protein may take on a new conformation which
could change the availability of its low-affinity sites for Lon.
The competition would be hierarchical: high-affinity active
sites compete and are more active than the low-affinity sites.
However, the latter are also in competition. Thus, SulA
mutants no longer compete with the high-affinity RcsA sites
but, having undergone structural changes, will compete with
Ots. These proposals are still at a speculative stage; a more
quantitative measure of Lon activity and a comparative
measure of its affinities are necessary.
The hypothesis that Lon has several specificities has been

previously suggested (9). It will be of interest to examine the
peptide digestion patterns of SulA and the mutants to see if
the latter differs from the parental. A more direct approach
to identify Lon protease specificity is to look for SulA
mutants which give rise after induction to irreversible fila-
mentation and cell death; this mutant may be Lon resistant.
Such mutants could be studied for their effects on the
degradation of other Lon substrates.
We have shown that the elimination of a small part of the

C-terminal sequence of the SulA protein is correlated with
the loss of both the saturation and filamentation properties
but does not affect protein half-life. Even with the shortest
deletion (20 out of 169 aa from the C terminus), filamentation
is abolished in the ion strain, possibly because of an inability
of mutant SulA to interact with SulB. This loss of functional
activity is concomitant with the loss of the ability to protect
the second substrate from degradation by Lon. Neverthe-
less, these truncated proteins are still substrates for Lon
degradation because their half-lives are comparable to that
of wild-type SulA and they are stabilized in the Ion strain
(Table 4). These results are consistent neither with the
proposal that SulA is cleaved exclusively by Lon at its
C-terminal end (7) nor with the idea that interaction with
SulB is affected only by the N-terminal end. However, they
are consistent with the hypothesis described above, i.e., that
Lon has two pathways of degradation; a specific one, whose
target may be deleted from the truncated SulA proteins, and
a nonspecific pathway, to which the deleted proteins become
sensitive. This secondary activity may be due to Lon or
controlled by it. The deleted proteins cannot compete with

specific substrates of Lon (RcsA) nor with a nonspecific
substrate (Ots). Their recognition, like that of mutants A and
B (Table 3), may not have sufficient affinity to saturate the
Ots degradation.

All of these results show that the three phenotypes, i.e.,
filamentation, saturation, and stability, are separable: a SulA
mutant can induce filamentation but lose its ability to protect
RcsA from degradation, but without appreciably changing its
own susceptibility to Lon.
Lon proteolysis is more complex than the recognition of a

simple signal on the substrate and the degradation of pro-
teins that carry this signal, since even with the deletion of
nearly half of the SulA protein we could not obtain a protein
resistant to degradation. The obtainment of proteins that are
not degradable by Lon could be rendered more difficult in
view of our results which suggest that Lon has more than
one specificity (9), so that more than one mutation would be
necessary to obtain such a mutant. Another difficulty could
be that this kind of mutant is toxic to the cell by induction of
an irreversible filamentation.
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