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Lon belongs to a unique group of proteases that bind
to DNA and is involved in the regulation of several im-
portant cellular functions, including adaptation to nu-
tritional downshift. Previously, we revealed that inor-
ganic polyphosphate (polyP) increases in Escherichia
coli in response to amino acid starvation and that it
stimulates the degradation of free ribosomal proteins by
Lon. In this work, we examined the effects of polyP on
the proteolytic and DNA-binding activities of Lon. An
order-of-addition experiment suggested that polyP first
binds to Lon, which stimulates Lon-mediated degrada-
tion of ribosomal proteins. A polyP-binding assay using
Lon deletion mutants showed that the polyP-binding
site of Lon is localized. in the ATPase domain. Because
the same ATPase domain also contains the DNA-binding
site, polyP can compete with DNA for binding to Lon. In
fact, an equimolar amount of polyP almost completely
inhibited DNA-Lon complex formation, suggesting that
Lon binds to polyP with a higher affinity than it binds to
DNA. Collectively, our results showed that polyP may
control the cellular activity of Lon not only as a protease
but also as a DNA-binding protein.

Inorganic polyphosphate (polyP)! is a linear polymer of many
hundreds of orthophosphate residues linked together by ATP-
like high energy phosphoanhydride bonds. This polymer natu-
rally occurs in microbes, fungi, plants, and animals (1). In Esch-
erichia coli, the level of polyP is very low in the exponential
phase, but it increases up to 1000-fold in response to amino acid
starvation and during the onset of the stationary phase (2, 3).

We demonstrated previously that polyP forms a complex
with the ATP-dependent Lon protease, an enzyme that de-
grades intracellular proteins during nutritional downshift (4),
We further showed that most of the proteins degraded by the
polyP-Lon were free ribosomal proteins. Thus, it appears that
polyP helps mediate adaptation to nutritional downshift by
directing the degradation of ribosomal proteins. PolyP also
binds to ribosomal proteins, suggesting that its interaction
with the substrate may be important for the stimulation of
degradation (4). However, whether polyP first binds to Lon or
to the ribosomal proteins has not been established.
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Lon is a highly conserved enzyme present in Archaea and
eubacteria as well as in the mitochondria of eukaryotes. The
Lon monemer includes an N terminus of unknown function, a
central ATPase containing a typical ATP-binding meotif, and a
C-terminal proteolytic domain with a catalytically active resi-
due at Ser-679 (5-8). The N-terminal region also contains a
“basic-acid-basic” region (9). A “sensor and substrate discrimi-
nation” domain has been identified between the ATPase and
protease domains (10). Purified sensor and substrate discrim-
ination demain binds to known Lon substrates (10), suggesting
that it plays a role in substrate recognition. Although E. eoli
Lon is thought to be a homo-tetramer or -octamer, recent strue-
tural analysis of the proteolytic domain of Lon revealed that it
assembles into hexameric rings (11).

Lon contributes to the regulation of several important cellu-
lar functions, including radiation resistance, cell division, fila-
mentation, capsular polysaccharide production, lysogeny of cer-
tain bacteriophages (reviewed in Refs. 12-14), and adaptation
to nutritional downshift (4). E. coli Lon is known to bind non-
specifically to DNA (15). However, human Lon binds specifi-
cally to a single-stranded GT-rich DNA sequence of human
mitochondrial DNA (16). In addition, Fu et al. (17) showed that
the E. coli Lon binds to 2 TG-rich site (pets) of the human
immunodeficiency virus type2 enhancer. Whether E. coli Lon
has a specific binding site on the E. coli chromosome is unclear.

It has been suggested that the basic-acid-basic domain is
involved in DNA binding (5). Another report speculated that
the protease domain is invelved in DNA binding, because the
amino acid sequence of this domain is similar to that of the
DNA-binding protein LexA (18). In both cases, the DNA-bind-
ing sites of Lon were predicted from its amino acid sequence.
Here, our experimental data suggested that both the polyP-
and DNA-binding sites of Lon are localized in the ATPase
domain. This explains why polyP competes with DNA for bind-
ing to Lon. Finally, based on these findings, we discuss the
regulatory effects of polyP on the proteolytic and DNA-binding
activities of Lon.

EXPERIMENTAL PROCEDURES

Protein Purification—Lon protease fused with maltose-binding pro-
tein {MBP-Lon) was expressed in E. coli (pMal-Lon) and purified using
amylose resin as described by Sonezaki et ¢l. (19). MBP-Lon was further
purified by Hi Trap Q anion exchange chromatography (Amersham
Biosciences). MBP-Lon was eluted from the Hi Trap @ column with a
linear gradient of 0—1 M NaCl in buffer A (20 mum Tris-HCl, pH 8.¢, 1 mm
EDTA, and 20% glycerol). Lon was purified after the cleavage of pro-
teolytic removal of MBP as deseribed previously (19). The proteolyti-
cally inactive mutant, Lon-8679A, was also expressed as a fusion with
MEP (a gift from Dr. 8. Sonezaki (Toto Ltd., Kitakyushu, Japan)).
MBP-5ulA was purified as described previously (20).

Ribosomal proteins were purified from isolated ribosomes as follows.
Ribosomes were isolated from E. coli MG1655 by ultracentrifugation
(21}. Ribosomal proteins were extracted by incubating the purified

This paper is available on line at http://www.jbc.org



Effects of Polyphosphate on E. coli Lon Protease

TanLE 1
DNA sequence of primers

Primer DNA sequence

F1 ATGAATCCTGAGCGTTCTGA

F13s6 AGCCAGTTCGAAGGCTACAT

F181 CAGTCTGTTCTGGAGATSTC

F272 GAAGCAGAGTTGCAGARGCT

F320 GATACCGACCATTATGGTCT

F472 TCGAACTCCATGAACATTCCG

F618 GTTCCGGGTAAAGGCAAACTG

R302 ACGGAATTCTCACGGCACCTGTACCATCCA
R437 BAGGAATTCTCAGGCCGGATCGCCACGCAT
R616 ACCGAATTCTCATGCGETTTCAATGGTCEG
R713 ACGGARATTCTCATRECCTGACCACGCAGAGTGA
R775 CTGGAATTCTCACGGTTCATTTTGCAGCGA
R784

ACGGAATTCTCACTATTTTGCAGTCACARCCT

ribosomes for 20 h at 4 °C with 4.5 M LiCl and 6 mM B-mercaptoethanol
(22). After precipitating the ribosomal RNAs by centrifugation (5000 X
£, 5 min), the supernatant containing ribosomal proteins was dialyzed
against buffer B {50 mM ammonium acetate, pH 5.6, 10% glycere!, and
0.15 M NaCl). The supernatant was applied to a carboxymethyl cation
exchange column (PerSeptive Biosystems, Framingham, MA), and ri-
bosomal proteins were eluted with a linear gradient of 150-750 mMm
NaCl in buffer B over 15-column veolumes. Some ribosomal proteins
were further purified by gel filtration chromatography with Superdex
75 (Amersham Biosciences) in buffer A containing 150 mM NaCl.

Degradation of Ribosomal Proteins by Lon—Ribosomal proteins (5
ug) and Lon (L5 pg) were incubated in a buffer containing 25 mm
Tris-HCl, pH 7.8, 4 mm ATP, and 5 mmM Mg®* in the presence and
absence of 1.4 uM polyP.,, as a polymer at 37 °C and then separated by
12.5% SDS-PAGE. PolyP,, was synthesized by polyP kinase with ATP
as a substrate as described previously (4). After electrophoresis, ribo-
somal proteins were stained with SYPRO QOrange (Molecular Probes,
Eugene, OR) and then visualized with a Typhoon image analyzer (Am-
ersham Biosciences).

Construction of Deletion Mutants of Lon—To construct deletion mu-
tants of Lon fused to MBP, a DNA fragment corresponding to Lon 1-713
was amplified using primers F1 and R713 and pMal-Lon (S6T9A} as the
template. The amplified DNA fragment was digested with EcoRI and
then inserted into Xmnl and EcoRI-digested pMal-c-2x (New England
BioLabs, Ontario, Canada). Lon 1-302, Lon 136-784, Lon 272-784, Lon
320-784, Lon 181-302, Lon 272—-437, Lon 320-437, Lon 472-6186, and
Lon 618-775 were constructed with using primers F1 and R302, F136
and R784, F272 and R784, F320 and R784, F181 and R302, F272 and
R437, F320 and R437, F472 and R616, and F618 and R775, respec-
tively. DNA sequences of these primers are shown in Table L

PolyP Blotting—Deletion mutants of Lon fused to MBP were ex-
pressed in E. coli DHS5a on 2X YT medium (16 g of tryptone, 10 g of
veast extract, and 5 g of NaClliter) (23) with 0.5 mm isopropyl-B-p-
thiogalactopyranoside. Cells were collected by centrifugation and sus-
pended in 8DS sample buffer (23). After boiling for 5 min, samples were
separated by 12.5% SDS-PAGE. Separated proieins were transferred to
nitrocellulose membranes. The membranes were washed twice with an
incubation buffer (60 mum Tris-HCL, pH 7.4, 50 mm NaCl, 1 mym MgCl,,
and 0.1% Triton X-160) and incubated for 12 h at 37 °C in the same
buffer containing 1% bovine serum albumin. PolyP,,, (10.3 pmol) la-
beled with 2P (4) was added, and the mixture was incubated for 2h at
37 °C. The membranes were washed twice with the incubation buffer
and then exposed to a film (Bas-IP, Fujifilm, Kanagawa, Japan). The
exposed film was analyzed using the Typhoon image analyzer (Amer-
sham Bicseiences).

PolyP- and DNA-binding Assays—Deletion mutants of Lon fused
with MBP were purified using amylose resin. Purified proteclytically
inactive MBP-Lon (S679A} or its deletion mutants (35 pmol) and
[*2P]polyP (1 pmol) were mixed for 5§ min at room temperature in 50 pl
of 25 mm Tris-HC], pH 7.8, 5 mM MgCl,, and 1 mM ATP. The mixture
was applied to a nitrocellulose filter (0.45 pum), and the free [**PlpolyP
was washed off under a vacuum with a solution of 25 mM Tris-HCI, pH
7.8, 5 mm MgCl,, and 100 mmM NaCl (4). The radioactivity remaining on
the filter, corresponding to the amount of polyP-protein complex, was
measured by scintillation counting. For the DNA-binding experiment, a
DNA fragment (722 bp) coding leuC (514-1189 bp from the transla-
tional initiation site) was amplified using CAGGTCGACTCTAGAG-
GATC and CAGTGAATTCGAGCTCGGTA as primers and pUC-lexC as
a template, and then labeled with [y-**PJATP (23). The DNA-binding
activity of Lon was assessed as described above except using 32P-labeled
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Fic. 1. Degradation of ribosomal and MBP-SulA proteins by
Lon in the presence of polyP. A, purified ribosomal protein (5 pg)
was incubated with Lon (1.5 pg) in the presence (polyP'+) and absence
{polyP—) of polyP,y, (1.4 uM as a polymer) at 37 °C for the indicated
amount of time. B, MBP-SulA (5 ug) was incubated with Lon (1.5 pg)in
the presence and absence of polyP,q, (1.4 M as a polymer). For both
experiments, reaction mixtures were subjected to 12.5% SDS-PAGE,
and the gel was stained as described under “Experimental Procedures.”

0 10 30 60 (min)
(i) Lon+ 124 emem—
(i} L24 + POlyP~>LoN smesmmsmrenim
(iii) LON + pOlyP— .24 wmmme el e

Fic. 2. Effect of order of addition on degradation of L24 by
Lon. Ribosomal protein L24 (1.2 ug), Lon (0.6 ug), and polyP (0.7 uM as
a polymer) were mixed together in different orders, (i), Lon protease
and 1.24 were mixed without polyP; (i), L24 and polyP were mixed and
incubated for 5 min at 37 °C after which Lon was added to the mixture;
(iii), Lon and polyP were mixed, incubated for 5 min at 37 °C, and after
which L24 was added to the mixture.

DNA instead of polyP. The radioactivity remaining on the filter was
measured by scintillation counting,

Sequencing of DNA Extracted from DNA-Lon Complex—Proteolyti-
cally inactive Lon fused with MBP was expressed in E. coli harboring
pMal-Lon{S6794). After the E. coli cells were disrupted, a lysate con-
taining MBP-Lon-DNA complexes was applied to the immobilized am-
ylose column. The ecolumn was washed with five volumes of 20 mM
Tris-HCI, pH 8.0, 1 mM EDTA, and 0.25% Tween 20 and then washed
with five volumes of the same buffer containing 200 mum NaCl. After free
DNA was completely eluted from the column, MBP-Lon was eluted with
the same buffer containing 10 mm maltose. The fraction containing
MBP-Lon was extracted twice with the same volume of phenol-chlore-
form, after which DNA was precipitated with ethanol, The DNA was
dissolved with water, inserted into the Smal site of pUC119, and then
used to transform E. coli. Inserted DNAs obtained from 21 individual
recombinants were sequenced (23).

Gel-shift Assay—LeuC DNA (0.5 pmol) and Lon (S679A} {1 ug) were
incubated for 5 min at room temperature in the presence or absence of
polyP. The reactions were then mixed with loading dye and separated
by 1% agarose gel electrophoresis (23). After staining with ethidium
bromide, DNA was visualized under UV light. Double-stranded pets
DNA (GATCCAGCTATACTTGGTCAGGGCGAATTCTAACTA (A7)
was synthesized and used as a competitor,

RESULTS

PolyP Affects the Substrate Specificity of Lon—In the pres-
ence of polyP, Lon degrades most LiCl-extracted ribosomal
proteins (4). We purified several ribosomal proteins of the large
subunit (L1, L3, L6, 19, L13, L15, L17, L18, and L24) and
subjected them to Lon-mediated degradation in the presence or
absence of polyP. Lon degraded L1, 1.3, L6, and L24 in the
presence but not in the absence of polyP (Fig. 14). PolyP also
stirmnulated the degradation of purified L3, L13, and L17 but not



34408

(A)

MBP

Effects of Polyphosphate on E. coli Lon Protease

BAB ATPase SSD proteciytic

: Posltion(aa) polyP blotting

1-713

1-437

1-302

136 - 784
272 -784
320 -784

(B)

Fi5.3. PolyP- and DNA-binding
sites of Lon. A, primary structure of the
MBP-Lon shown with propoesed domains.
Structures of deletion mutants are shown
with the number of amino acids (aa) of
Lon fused to MBP. Results of the polyP
blotting are indicated to the right. BAB,
basic-acid-basic; SSD, sensor and sub-
strate discrimination. B, total protein
from E. ¢oli expressing the MBP-Lon de-
rivatives were separated by SDS-PAGE
and stained with Coomassie Brilliant
Blue. The polyP blotting to the MBP-Lon
derivatives was performed using **P-la-
beled polyP as a probe. C, polyP. and
DNA-binding assays of the purified MBP-
Lon derivatives. The radioactivity re-
maining on the nitrocellulose filter, corre-
sponding to the amount of polyP- (left) or
DNA-protein (right) complex, is plotted.
Froteolytically inactive Lon (S67%A) was
used to avoid proteolysis, BSA, bovine se-
rum albumin.

p
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181 -302
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L15 and L18 (data not shown). Lon is known to be responsible
for the rapid turnover of regulatory proteins, including SulA, a
cell division inhibiter produced in response to DNA damage.
Therefore MBP-SulA was subjected to degradation by Lon in
the presence and absence of polyP. In contrast to the ribosomal
proteins tested, the degradation of the MBP-SulA protein was
slightly inhibited in the presence of 1.4 pum polyP (Fig. 1B).
Therefore, our results showed that polyP does not always stim-
ulate Lon-mediated protein degradation and that polyP affects
the substrate specificity of Lon.

PolyP-Lon Complex Formation Is Important for the Stimula-
tion of Ribosomal Protein Degredation—Most ribosomal pro-
teins bind to polyP and are degraded by Lon in the presence of
polyP (4}. The MBP-SulA protein does not bind to polyP, indi-
cating that polyP binding is necessary for the polyP stimulation

SDS-PAGE
olyP blotting - e - o
—~
<
o v A © i
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NG » [ .
S oas NN o X
GRS VP2

o 3 5 B OB
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of Lon-mediated proteolysis. However, not all polyP-binding
proteins are degraded by Len in the presence of polyP. For
example, polyP kinase, L15, and L18 can bind to polyP, but
they are not degraded by Lon in the presence of polyP. There-
fore, it is likely that polyP binding is necessary but not suffi-
cient for the polyP stimulation of Lon-mediated proteolysis.
Lon also binds polyP (4). Does polyP first bind to Lon and
then the polyP-Lon complex degrades the ribosomal proteins?
Alternatively, does polyP bind to ribosomal proteins and then
Lon recognizes the polyP-ribosomal protein complex for degra-
dation? In the latter case, polyP may function as a molecular
tag, much like ubiquitin in eukaryotic cells (reviewed in Refs.
24 -26), to identify ribosomal proteins for degradation by pro-
teases. To answer these questions, we examined the effect of
the order of addition on L24 cleavage (Fig. 2). We found that



Effects of Polyphosphate on E. coli Lon Protease

Compétit'or : polyP

0.1 025 0.5 25 (pmol)

~

DNA-Lon complex

0.5pmol

¥ .\ -

Fic. 4, Gel-shift assay for DNA-Lon complex. LeuC DNA (0.5
pruol) and Lon {1 pg) were incubated for § min at room temperature in
the presence of the indicated amounts of polyP, The mixtures were then
mixed with loading dye and separated by 1% agarose gel electrophore-
sis. After staining with ethidium bromide, DNA was visualized under
UV light.

Lon efficiently degraded L24 when Lon and polyP were mixed
together prior to the addition of L24, whereas there was little
degradation of L24 when L24 was first mixed with polyP before
the addition of Lon (Fig. 2), This indicated that polyP-Lon
complex formation is important for the stimulation of protein
degradation and that polyP does not act as a tag for Lon-
mediated degradation.

PolyP- and DNA-binding Sites of Lon Are Loealized within
the ATPase Domain—Lon consists of basic-acid-basic, ATPase,
sensor and substrate discrimination, and proteolytic domains
{Fig. 34). To determine the polyP-binding site of Lon, we gen-
erated proteins containing deletion mutants of Lon fused to the
C terminus of MBP. These proteins were expressed and trans-
ferred to a nitrocellulose membrane (Fig, 3B). PolyP blotting
was performed using [*?PlpolyP (Fig. 3B). The results of this
experiment showed that the polyP-binding site is localized on
Lon between amino acids 272 and 437. Because Lon 320-784
also bound to polyP, the polyP-hinding site is presumably re-
stricted to the region between amino acids 320 and 437. There-
fore, polyP binding appears to be mediated by the ATPase
domain.

We examined this further using purified Lon deletion mu-
tants. The fusion proteins were purified by amylose chroma-
tography and then used in a polyP-binding assay (Fig. 3C). We
found that the binding activity of the purified Lon 272-437 was
almost same as that of intact Lon. This supports the idea that
the polyP-binding site is localized in the ATPase domain of Lon,

Although Lon was criginally identified as a DNA-binding
protein (5, 15), the location of the DNA-binding site has not
been determined. We therefore performed a DNA-binding as-
say using the purified Lon deletion mutants. We used 32P-
labeled E. ecoli le:C DNA as a probe because, as shown below,
a leuC DNA fragment was co-purified with MBP-Lon. Fig. 3C
shows that the DNA-binding site also appears to be localized in
the ATPase domain of Lon.

Lon Binds to polyP More Strongly than to DNA—Because the
ATPase domain contains both polyP- and DNA-binding sites,
polyP may compete with DNA for the binding to Lon. To ex-
amine this possibility, we determined the effect of polyP on the
DNA-Lon complex using a gel-shift assay (Fig. 4). DNA (lexC)
formed a complex with Lon, but in the presence of an equimolar
amount of polyP, formation of the DNA-Lon complex was al-
most completely inhibited, This suggested that polyP binds to
Lon more strongly than to DNA. To further confirm that the
DNA-Lon complex is inhibited in the presence of polyP, we
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Fic. 5. Elution of Lon from DNA-immobilized column with
polyP. MBP-Lon (50 pg) was applied to a DNA-cellulose (Amersham
Bicsciences) column equilibrated with 20 mu Tris-HCI, pH 8.0, contain-
ing 50 mm NaCl. After washing with two volumes of the same buffer,
MBP-Lon was eluted from the column with the buffer containing 0.14
pM polyP as a polymer. Each fraction was separated by SDS-PAGE, and
MBP-Lon was visualized by sliver staining. M, molecular marker.

TasLe 11
DNA fragments co-purified with MBP-Lon
Gene Position®
b0899 893 to 1363
b2324 —45 to 964
b2973 2200 to 2806
cynS 204 to 700
fisd —84 to 546
leuC 514 to 1189
lon 845 to 1616
IpdX 686 to 1071
malk 313 to 932
rhsE 1006 to 1864
rplM 162 to 664
secD —67 to 673
yacK 118 to 675
yafA 703 to 1417
ybbC 31 to 413
yecA 72 to 605
yecS 393 to 1072
yejB -23to 512
YK 430 to 1033
ygelU 375 to 861
ymfE 15 to 498

¢ Nucleotide number from the start site of translation is indicated.

examined the effect of polyP on MBP-Lon binding to a DNA-
cellulose column. MBP-Lon was not eluted from the column by
a buffer alone, but was eluted when the buffer contained polyP
(Fig. 5). This result suggested that polyP can bind to Lon at the
same site as DNA (Fig. 5).

During the course of the studies using amylose chromatog-
raphy, we observed that purified MBP-Lon contains bound
DNA. This bound DNA was lost when the MBP-Lon was fur-
ther purified using an amion-exchange column. Interestingly,
when the E. coli cells were subjected to nutritional downshift,
which increases polyP level as much as 1000-fold (2, 3), we
found a significant amount of polyP associated with the amy-
lose resin-purified MBP-Lon {(data not shown). Together, our
results showed that although Lon can form a complex with
DNA in vitro and in vivo, Lon forms a complex with polyP when
it is present.

Lon Binds Nonspecifically to E. coli Chromosomal DNA—
Although Fu et al. {(17) showed that the E. coli Lon binds to a
TG-rich pets site of the human immunodeficiency virus type2
enhancer, it is unclear whether Lon binds to specific sites on
the E, ecoli genome. To examine this in greater detail, we cloned
and sequenced the DNA fragments that were co-purified with
the amylose resin-purified Lon. Twenty-one DNA clones were
randomly selected for analysis. Their DNA sequences corre-
sponded to 382-1009-bp fragments containing 60899, b2324,
ftsd, leuC, lon, IpdX, malE, rhsE, secD, yacK, yafA, ybb(C, yecA,
yeiB, yfhK, ygel, and ymfE, and 496-679-bp fragments con-
taining the intercistronic regions between 52973 and 52972,
cynS and ¢ynX, rplM and rpsl, and yecS and yeeC (Table II).
There was no significant similarity among the sequences of
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these DNA fragments. Thus, in agreement with Charette et al.
(15), it appears that Lon binds nonspecifically to E. coli chro-
mosomal DNA,

We also examined the relative affinities of leuC and the pets
DNA. We used synthesized 36-bp TG-rich pets DNA as a com-
petitor in the LeuC DNA-binding experiment. The leuC DNA-
Lon complex was still observed in the presence of a 100-fold
molar excess of the pets DNA (data not shown), suggesting that
the pets DNA has lower affinity toward Lon than the
LeuC DNA.

DISCUSSION

PolyP Regulates the Proteolytic Activity of Lon by Forming a
polyP-Lon Complex—Regulatory proteolysis is generally quite
specific, and the features of proteins that target them for deg-
radation are well known in eukaryotic cells. Specifically, con-
jugation of proteins with ubiquitin (ubiguitination) targets
them to the proteasome and is essential for the degradation of
many proteins in eukaryotic eells (24—26). In bacteria, the
SsrA-mediated tagging and degradation system provides a
unique mechanism for the destruction of abnormal proteins
produced by inappropriate translation termination (27). There-
fore, we suspected that pelyP acts as a tag to direct Lon-
mediated protein degradation. However, our current order of
addition experiments suggested that polyP first binds to Lon
rather than to the targeted ribosomal proteins, suggesting that
polyP does not function as a tag for Lon-mediated degradation.

We recently found that based on gel chromatography, the
polyP-Lon complex is very large (>2000 kDa).? Furthermore,
dynamic light scattering measurements indicated a molecular
mass of ~8750 kDa (data not shown). Because one molecule
polyP binds to approximately four molecules of Lon (4), it might
be considered that the polyP-Lon complex is a multiple of the
Lon hexamer. Additional studies must be performed to more
precisely determine the structure of the polyP-Lon complex.

PolyP Affects the DNA-binding Activity of Lon—Analysis of
polyP and DNA binding by Lon mutants indicated that the
polyP- and DNA-binding sites of Lon are localized in the
ATPase domain, Also, polyP bound to Lon more strongly than
DNA, which allows polyP to displace the Lon-asseciated DNA
in vitro as well as in vivo. The ATPase domain is thought to be
involved in the important chaperon activity (10), and DNA has
been reported to stimulate the ATPase activity of Lon (15).
However, we have shown previously that polyP slightly inhib-
its the ATPase activity of Lon in the absence of substrates (47,
It is a bit puzzling that both of the polyP-Lon and DNA-Lon
complexes show ATPase activities if polyP and DNA persis-
tently cover the ATPase domain. It might be possible that
polyP and DNA binding to the ATPase domain are dynamic
rather than s{atic.

Regulatory Effects of polyP on the Proteolytic and DNA-bind-
ing Activities of Lon—Goff and Goldberg (28) reported that
overproduction of Lon causes the proteolysis of normal proteins
in cells and is lethal to the host cells. We also observed that E.
coli growth stopped immediately when Lon was overproduced
(data not shown). Excess Lon is unfavorable to celis under
normal conditions. Sonezaki et al. (29) speculated that Lon is
normally localized in the multiprotein-DNA complex (nucle-
cid), which might restrict its ability to access and degrade
proteins under normal conditions. They also showed that MBP-
Lon was dissociated from DNA in the presence of denatured

2K. Nomura, J. Kato, N. Takiguchi, H. Ohtake, and A. Kuroda,
unpublished observation.
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but not native bovine serum albumin and that treatment of
MBP-Lon at 47 °C reduced its DNA-binding ability but does not
affect its protease activity. These findings suggested that ex-
posure to heat shock causes a release of Lon from DNA allow-
ing it to degrade denatured proteins. Similarly our data sug-
gested that when the levels of polyP increase in response to
nutritional downshift, the polyP-Lon complex is released from
DNA whereupon it can access and degrade free ribosomal
proteins.

It is also possible that Lon binds to DNA at a site adjacent to
a regulatory protein-binding site, thus leading to enhanced
degradation of the regulatory protein. In agreement with this
model, some early studies have suggested that Lon controls the
level of mRNA transcription from the E. coli gal operon (30). In
this case, polyP may modulate the function of Lon in transerip-
tional regulation. However, like Charette et al. (15), we sus-
pected that E. coli Lon is a DNA-binding protein with low
specificity. Further investigations are required to clarify the
role of Lon in transcriptional regulation.

It remains unclear whether the main role of the DNA-bind-
ing ability of Lon is to prevent it from accessing and degrading
substrate proteins or to mediate enhanced degradation of reg-
ulatory proteins. In any event, the drastic change in intracel-
lular polyP levels that occurs during nutritional downshift can
affect the DNA-binding ability of Lon and its regulation of
cellular functions.
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UWB i AT LIBT3 AT LEFHERD6HD
EE R RICET SR
A Pulse Design for UWB-CDMA System to Reduce Inter-System

Interference
R SR A f2ARER* G
Hiroki HARADA Kentaro IKEMOTO Ryuji KOHNO

Abstract— As a communication system of new indoor
short distance radio-communications Wireless Personal Area
Network (WPAN) by which the Ultra Wideband (UWB)
system is examined towards standardization. In such ex-
amination, UWB system use limited bandwidth and trans-
mitted power in order to avoid a interference with other
systems. The possibility of realization of the direction of
systems, such as a Multiband type which uses a subearrier,
is higher than the system which does not use a subcarrier
like the Impulse Radio (IR) system considered convention-
ally. In this research, we exploit notches of the *Modulated
and Modified Hermite Pulses” to reduce an interference
with the 5.2GHz-band WLAN system. In order to apply
notches of the pulses of all orders, we propose a new design
of a set of the "Modulated and Modified Hermite Pulse”.
Furthermore, about the characteristic and the performance
of the waveform, it evaluates using a computer simulation,
and excelling in the BER characteristic as compared with
a Multiband-FHTH system is shown.

Keywords— Ultra Wideband, Modulated and Modified
Hermite Pulse, Inter-System Interference Reduction

1 LB

BE, KOEmEEEIEMNERIN TV 2RESERITE
FEOREFICHWTHILFERETH S Ultra Wideband
(UWB) #EEAZMEERESH TS 1. 2002 F
2 HXET FCC »5 UWB ORMFIANDIEASN T D
ECETRAKEMTDN 2 X S5k -Th, UWB
VAT LB EOBSEEY A7 L A AT
LROBREFREINIERICELHFENS. FCCDE
ERHIEIBARY MV A2 Zilfil- L6 8EETN
ZiE< BT, UWB ZRWIOEEREER Y P77 —
% Wireless Personal Area Network (WPAN) ¥ AF L
DKL 3.1GHz 5 10.6GHz DHiEZ EICEAT S
HEBEREE>TETWS.

UWB-WPAN ¥ A7 LADWEEIC EWT, RIVFIRT
=V I RMEETHEE SRR TEBNEXLNTWS
A, FTE 5.2GHz D WLAN & A7 L (IEEES02.11a)
EOHETHOMBIMRTNEEELRETHS.
T WPAN OER#HE W DM HEIL, 5.2GHz §
DERZ BT 5 X 5% 52, (Dual-band, Multi-band %
) BREThTVS.

“T 240-8501 BRI RL Y BRMEE 79 B 5 BEIRET AL

PEL4KF Graduate School of Engineering, Yokohama National

University, 79-5 Tokiwadai, Hodogaya-ku, Yokohamarshi 240-
8501 Japan, E-mail: hhirokiQkchnolab.dnj.ynu.ac.jp

ARFTR, IREUWBERBCHBOTERSRIENT
WBETI 2 —F 79V A (Modified Hermite Pulse:MHP )
2] ZMRABI Lo TERBLERBELNI— MUV
Z (Modulated and Modified Hermite Pulse:MMHP)
EHWE UWB BRESARKDVWTRETS. T
MMHP #iEiciE, RO Buifdsitic /v 5%
ROLWORESH 5 3. T/ vF% 52GHz HiZIH
AT EICED UWB-WPAN & A7 L& WEAN ¥ A
FLEOHED SEHEEROTE DL U, Tz ER
TR EREZD. BWETE, FHTILTORED
MMHP #JED ./ »F 5 5GHz B AL & S BIERIE
BERRTS. EFNEERRAESc VW TIERHK
FBLEZINFIRAT o~=T 07 A \DHEL LT
HOHBERFEOENEEERVAT LREGTHS.
REWERIThTIYREEEEE HET 5B TH S
18, HOHBERER 5T Dual-band % Multi-band
FROBERL DB TS, 5 Fa—EREC
MIET 54, #EFT2 MMHP BEOXEE 1—FHEIC
BhAtDEAVSC Eic LY, WEMTHBOERLT]
Rek .

CCTREIBHTEFHECIN I—MIUALDNT
B, BEIETREARNTHIAERBEDINI—F 0V
AW UWB ¥ AF LCDOWTHEAT 5. H 45
T, ISR EN TV, IEEEAVWTERRE
IR GET AREFEER v RO VFRVE
UWB A (Multiband TH-FH-UWB) ¥ AFDRES
AEHEMY Iab—Y avic kD HBIL EHERZERT.
RIRICH 5 BETHRB L SHROFBICOVTIHNRS.

2 EHBETLE—/ALR

AETIE, EREETN I—12YVA (Modulated and
Modified Hermite Pulse, MMHP) QERRE L HEDRE
T DOWTEHHT 5.

2.1 FTHRSEEINLZI—MSLZR
2] TRENTEBEINI—F BRI, HEEf D
cos WERET B LAR (1) D& SIc%3.

mhq(t)

ke (t)cos(2r f.t)

(-1)"6‘;-(%;(3";)cos(2wfct) (1)
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H1: EFEETLVI—b0 1] 2 ZBEETLI—h L
ADMEGE (KR8 0,1,2,3)  ZAOFHRESE (KK 0,1,2,3)

ZOEMNE £, 1 6.85GHz £ LT 2ns D2 UV XED
MMHP 24 KL, E1, 2iKFRFIEEGS, AR
B RT.

COEBBEEIN I—F UL AR TIcET5L5
RN B 5.

o REDEKLD MMHP EEE LI, BENICHE

SERA-TWB L XHENTHS.
» MMHP HBiZ, XELEU EZD B ietic
S uF D,

2.2 2L ABERNE & AR Ao LR
ZRBETLI-F 7V ZERDORE, R (1) ZLTD
FHEEETS.

(e Jeos(2mf,t)

@)

CCT N, BERMNTA—2THB. f.13685GH:z
LU, t, BEZBT LI DUV ADORIRE BT S,
t, D{EZERELT S, Thbb/WABRRT2E, &
BoSEHEIR G, BROBEETEART ML
A7 DEFARICIND BT ERTES, 3] &b, t, =22
OFf, ERFTREEAEE 8 THS.

(ﬁf@
dtﬂ

mha(t) = N,(-1)"e

3 REVATA
AETLE, AMOERY A7 LTHS MMHP 2V
iz UWB B8 AF LIS DWW TEIET 5.

3.1 5GHz% WLAN LOTFSRED-HORRER
A D, MMHP BRI RSSO R L R ¥
Fon/oFE2Focetbhd, 2T/ vFouul
ZHEEL, 52CHz # WLAN ¥ A7 L L OF 5% ER
T B HOWBREEZIRET 5.
BIEION (2) ZLLTO & SIHEET S,

3
+)

mhy(t) = Npy(—1)"e™ 4~

TTT AL, BREECBREZPEGEREFETSH
5, TOEEFEECEL, @TORNT 5.2GH: L
JwFHEL &BICT BT L TYRF KO TH% 5

(=7 Jeos(2n(f. + Afn}t)

-3¢

AO T A

45 Ffi-4

50§

Power Spectral Density(dBMHZ)
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X 3: FORESREEEL, 5.2GHz B/ vFEmEiTT
MMHP @ PSD ¢k

2 1: 5.2GHz T /v FRENT BAD, IEEOHLHE
TR IEE
FERRE R

o G B LT (GHz)
1.15
-1.65
-1.08
-0.66
-0.31
-0.01
0.26
-.29
-0.04

ool Ean N>R Ll o L0 N e

5 (H3). Af, ZHRHBH, 5.2GHz 5./

FIIaCGHz e |/ AW HED /wF kL1 k¥

FORLFHEREEERZR 11RT. PORBE . Q
6.85GHz &L, HFrUVAENT A—2 ¢, 13227
HTLET, RS ONEERETER VST EELE.

LT, 740,123 DIEEDREEREORRELE,
B ERE 4, slomd. £, BREOBCIEE,
EHEREEE, TIRRY.

3.2 ZEEBETF—A4LEH

BRARNTHR, 2—¥PZhFhicFoBHOER
Ry ¥ 7 HDEZE PN R &b EAET 5 MMHEP
DORBPEREL, Elha—VEED THRIICEbE
A I T THREL I REO MMHP 23435, 3] T
i, TOREAEERAVAT L THERITSBLUNS
MIFSHRERINBT EBRRINTWS, #-T1EB
DA—FOREEREE PN AR TEENS.



