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Lysine decarboxylase (LDC; EC 4.1.1.18) of Selenomo-
nas ruminantium is a constitutive enzyme and is involved in
the synthesis of cadaverine, which is an essential con-
stituent of the peptidoglycan for normal cell growth. We
purified the S. ruminantium LDC by an improved method
including hydrophobic chromatography and studied the
fine characteristics of the enzyme. Kinetic study of LDC
showed that S. ruminanitum LDC decarboxylated both L-
lysine and L-ornithine with similar K, and the decarboxy-
lase activities towards both substrates were competitively
and irreversibly inhibited by pL-a-difluoromethylornithine,
which is a specific inhibitor of ornithine decarboxylase (EC
4.1.1.17). We also showed a drastic descent of LDC activi-
ty owing to the degradation of LDC at entry into the sta-
tionary phase of cell growth.
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Diamines such as putrescine and cadaverine have been
reported to be essential constituents of peptidoglycan
and play a significant role in maintenance of the integri-
ty of the cell envelope in Selenomonas ruminantium,
Veillonella paruvulla, and V. alcalescens.!® In 8.
ruminantium grown with L-ornithine and L-lysine,
putrescine and cadaverine, respectively were found to
link covalently to the a-carboxyl group of the p-glutam-
ic acid residue of the peptidoglycan.** Previously, we
found that cadaverine is constitutively synthesized from
L-lysine” and transferred to the D-glutamic acid residue
of the lipid intermediate for the synthesis of the cadaver-
ine-containing peptidoglycan by a lipid intermediate:
cadaverine transferase.® The physiological function of
cadaverine in this organism was studied by using DL-c-
difluoromethyllysine (DFML), which was shown to be a
potent, irreversible, and specific inhibitor of lysine decar-
boxylase (L-lysine carboxylyase, EC 4.1.1.18) (LDC)”
and it was found that DFML markedly inhibited the
growth of S. ruminantium and caused rapid cell lysis ow-
ing to the synthesis of the abortive peptidoglycan

without cadaverine.? The growth inhibition by DFML
was completely reveresed by adding 1 mMm cadaverine or
putrescine to the medium, and cadaverine or putrescine
was exclusively incorporated into the peptidoglycan to
form a normal cell wall.? During study on the inhibitors
in the incorporaion of the diamines into the peptidogly-
can for the cell growth of S. ruminantium, we noticed
that 10 mM DL-a-difluoromethylornithine (DFMO),
which had been shown to be a specific and irreversible in-
hibitor of ornithine decarboxylase (L-ornithine carbox-
ylyase, EC 4.1.1.17) (ODC) both in vivo and in vitro,®
also completely prevented the growth of S. ruminanti-
um and caused formation of an abortive peptidoglycan
without cadaveine synthesis. These observations suggest-
ed that DFMO as well as DFML inhibits S. ruminanti-
um LDC, or that S. ruminantium ODC could decarboxy-
late L-lysine. Taken together with our previous report
that the molecular mass of the LDC preparation from S.
ruminantium is similar to that of eukaryotic ODCs but
not prokaryotic LDCs including Escherichia coli LDC
and Bacterium cadaveris LDC,” these suggestions
prompted us to investigate the substrate specificity of
the S. ruminantium LDC. We purified LDC from S.
ruminantium by a 4-step procedure to homogeneity with
approximately 10% vyield from the cells. The enzyme
thus obtained was characterized in its substrate specifici-
ty and the mode of inhibition of the enzyme by DFML
and DFMO in vitro. Here, we demonstrate that the S.
ruminantium LDC had decarboxylase activities towards
both L-lysine and L-ornithine with similar K, and that
the enzyme activities were inhibited by either DFML or
DFMO competitively against L-lysine and L-ornithine as
substrates. We also show that S. ruminantium does not
have a typical bacterial ODC with decarboxylase activity
only towards L-ornithine. This is the first report on an
LDC having a decarboxylase activities towards both L-ly-
sine and L-ornithine and being inhibited by either
DFML or DFMO.

Materials and Methods

Bacterial strains and cultivation. S. ruminantium
subsp. lactilytica, described previously,” was used. For
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preparation of LDC from the cells, the organism was
grown in a tryptone (Difco)-yeast extract (Difco)-sodi-
um lactate medium (TYL medium) or a tryptone-yeast
extract-glucose medium (TYG medium) at 37°C under
anaerobic conditions.” Large-scale cultivation of S.
ruminantium in 60 liters of TYG medium was started by
adding cultured bacteria at an initial concentration of
2% 107 cells/ml. When the cell density reached 7 x 10°
cells/ml, the cells were harvested quickly by continuous
centrifugation at 4°C. The packed cells were stored at
—80°C until preparation of the enzyme.

Reaction mixture and enzyme assay. LDC was as-
sayed by measuring cadaverine converted from L-lysine
by LDC. The reaction mixture for measuring LDC activ-
ity contained 0.5 M sodium acetate buffer (pH 6.0), 5
mM L-lysine, 50 um PLP, and the enzyme fraction in a
total volume of 100 ul. The reaction mixture was incu-
bated at 40°C for 20 min. The reaction was stopped by
adding 34 ul of 20% trichloroacetic acid (TCA), and the
precipitate was removed by centrifugation at 10,000 X g.
The amount of cadaverine in the supernatant was meas-
ured by HPLC using a TSK-gel Polyaminepak column
(Tosoh, Tokyo) and a cellulose thin-layer electrophore-
sis using a cellulose thin-layer plate (Art. 5716, Merk) by
the method described previously.!”® For measurement of
cadaverine or putrescine in a reaction mixture, a
spectrophotometric assay was used as described
previously.!

Specific activity of LDC. One katal (kat) of enzyme ac-
tivity was defined as 1 mole of cadaverine formed from
L-lysine at 40°C in 1 second. The specific activity is given
as kat per kilogram of protein.

Protein measurement. Protein was measured by the
method of Bradford,'® with bovine serum albumin used
as the standard.

Purification of LDC from S. ruminantium. The previ-
ous purification procedure was composed of 7 steps in-
cluding affinity chromatography.® In this study, we im-
proved the purification procedure as follows. The cells
(125.7 g) derived from 60 liters of culture were suspend-
ed in 50 mM potassium phosphate buffer (pH 6.7, buffer
A) containing 10 mM 2-mercaptoethanol and 0.1 mm
PLP, and disrupted them in a French pressure cell.
After centrifugation at 17,500 x g for 20 min, the super-
natant was collected. Ammonium sulfate (3 M) in buffer
A was added to the enzyme fraction at a final concentra-
tion of 1 M with stirring. After 2 h, the supernatant was
collected by centrifugation and was put on a TSKgel
butyl-Toyopearl 650M column (4.0 by 24 cm). The
column was washed with 3.5 liters of buffer A contain-
ing 1 M ammonium sulfate and 50 um PLP. The enzyme
was then eluted with a linear gradient created by mixing
750 ml of 1 M ammonium sulfate in buffer A with 750 ml
of buffer A. The fractions which were eluted from 0.80
to 0.85 M ammonium sulfate were pooled. After 3 M am-
monium sulfate in buffer A was added at the final con-
centration of 0.8 M, the enzyme preparation was put on
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a TSKgel phenyl-5PW column (21.5 by 150 mm; Tosoh,
Tokyo). The column was washed with 450 ml of buffer
A containing 0.8 M ammonium sulfate and then eluted
with a linear gradient of ammonium sulfate in buffer A
(0.8 to 0 M). The fractions eluted from 0.54 to 0.56 M am-
monium sulfate were pooled. After being dialyzed
against 20 mM potassium phosphate buffer containing
50 um PLP (pH 6.5, buffer B), the enzyme preparation
was put on a TSKgel DEAE-5PW column (7.5 by 75
mm; Tosoh) equilibrated with 20 mM potassium phos-
phate buffer (pH 6.5, buffer C). The column was washed
with buffer C and then eluted with a linear gradient of
NacCl in buffer C (0 to 0.4 Mm). The fractions eluted from
0.18 to 0.20 M NaCl were pooled and dialyzed against
buffer B containing 20% glycerol.

Kinetic study. Kinetic parameters, K., Kn, and K
were calculated from initial rate measurements for decar-
boxylation of L-lysine or L-ornithine, by fitting to the
Michaelis-Menten equation using a nonlinear regression
algorithm.

Preparation of antiserum against S. ruminantium
LDC. Rabbit antiserum raised with recombinant S.
ruminantium LDC was prepared by a following
method. The recombinant LDC was prepared from Es-
cherichia coli DH5« having a plasmid, pTLDC, which
contained the S. ruminantium LDC gene (Takatsuka et
al., unpublished data). One ml of a purified recom-
binant LDC preparation (1 mg/ml) was emulsified with
1 ml of Freund’s complete adjuvant (Wako Pure Chemi-
cal Industry, Osaka) and injected subcutaneously into a
female NZW rabbit (2.5 kg). Two weeks later, the sec-
ond injection of 1 mg of enzyme preparation (1 mg/ml)
emulsified with an equal volume of Freund’s incomplete
adjuvant (Wako Pure Chemical Industry, Osaka) was
given in the same way. Every two weeks, injections of 1
mg enzyme with Freund’s incomplete adjuvant were
repeated 5 times. Two weeks after the seventh injection,
the rabbit was anesthetized and killed for preparation of
antiserum,

Chemicals. DL-2,7-diaminoheptanoic acid dihydro-
chloride was synthesized chemically by the method us-
ing diethyl acetamidomalonate.!® 5-Carbethoxypentyl
tosylate was condensed with diethyl acetamidomalonate
to give ethyl 2-carbethoxy-2,7-diacetamidoheptanoate.
This ester was hydrolyzed directly to pL-2,7-diaminohep-
tanoic acid dihydrochloride by treatment at reflux tem-
perature with concentrated hydrochloric acid. The struc-
ture of the product was confirmed spectroscopically.

DFML and DFMO were kind gifts from Dr. McCann
of Merrel Daw Research Institute (Cincinnati, OH,
U.S.A). Other chemicals used were of the best grade
commercially available.

Results and Discussion

Decision of the timing of harvest of cells for prepara-
tion of the crude extract

Figure 1 shows fluctuation in LDC activity during
growth of the S. ruminantium cells in the medium upon
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Fig. 1. Fluctuation in the Activity of LDC during Growth of S.
ruminantium.

S. ruminantium cells were grown in 1 liter of TYG medium at
37°C under anaerobic conditions, and the cell growth (@) and the
LDC activity (A) were measured. To measure LDC activity, at the
time indicated in this figure, 4 ml of the culture was taken up and
centrifuged. The cells, suspended in 20 mM potassium phosphate
buffer (pH 7.0) containing 0.1 mM PLP, were sonicated. The LDC
activities in the cell extracts were measured by the amount of
cadaverine formed from lysine by HPLC using a TSK-gel Poly-
aminepak column (Tosoh, Tokyo, Japan). The incubation mixture
contained 0.5 M sodium acetate buffer (pH 6.0), 5 mm L-lysine, 50
uMm PLP, and the cell extracts in a total volume of 50 ul. The reac-
tion mixture was incubated at 40°C for 60 min. The reaction was
stopped by adding TCA at a final concentration of 5%, and the
precipitate removed by centrifugation. The amount of cadaverine in
the supernatant was measured. One katal (kat) of enzyme activity
was defined as 1 mole of cadaverine formed from L-lysine at 40°C in
1 second.

inoculation of cells that were grown overnight with an in-
itial cell density of 2% 107 cells/ml. The sonicated ex-
tracts from the cells taken at various times pointed out
in this figure were prepared and the decarboxylase activi-
ty towards L-lysine was assayed. The enzyme activity in
total cells in a culture increased up to 4.5 h and reached
approximately 7 x 10~° katal/liter of culture and here-
after a sudden decrease of the total enzyme activity hap-
pened to occur. Accordingly, the timing of cell harvest
for the preparation of the crude extract from the cells
was decided to be during 3.5-4.0 h (O.D.s=1.0) after
inoculation. The fluctuation of LDC will be discussed

1065

later.

Enzyme purification

Through the four steps shown in Table 1, the enzyme
was purified about 1,100-fold to electrophoretic
homogeneity with a specific activity of 0.198 kat/kg of
protein. The N-terminal amino acid sequence of the en-
zyme was MKNFRLSEKEVKTLAKRIPXPFLYV, in
which X represents unidentified amino acid residue, and
it was identical with that deduced from the DNA se-
quence of a LDC gene (/dc) cloned from the chro-
mosonal DNA of S. ruminanitum (Y. Takatsuka et al.,
DDBJ/EMBL/Genbank nucleotide sequence databases
with the accession No. AB011029). Although the
purified LDC lost its activity within two weeks even at
—80°C, it can be stored at —80°C for one month
without any appreciable loss in the presence of 20%
glycerol.

Characteristics of S. ruminantium LDC

(i) The presence of the enzyme molecule as a dimer-
ic form with the decarboxylase activity. The apparent
molecular mass of the purified LDC preparation is 88
kDa, as judged by gel filtration analysis, and 42 kDa by
SDS-PAGE. It has an isoelectric point of 4.7. On gel
filtration, the monomeric form of LDC of 42 kDa was
also separated with no enzyme activity (data not shown).
The data show that the active LDC comprises two identi-
cal monomeric subunits.

(i) Substrate specificity and inhibitors. To examine
the substrate specificity of the enzyme preparation, the
enzyme concentrations used for the enzyme reaction
were around 8-100 nMm. The purified LDC preparation
decarboxylated both L-lysine and L-ornithine to the
same extent. The general chemical structure of di-
aminocarboxylic acid is shown as NH,(CH,),CH(NH,)
COOH; ornithine and lysine correspond to n=3 and 4,
respectively. We examined whether or not the other di-
aminocarboxyric acids could act as substrates. We used
L-2,4-diaminobutyric acid dihydrochloride (n=2,
ACROS) and pL-2,7-diaminoheptanoic acid dihydroclo-
ride (n=>5) which was synthesized chemically, but both
chemicals were not decaboxylated by the enzyme prepa-
ration. Neither D-lysine, pL-2,6-diamimopimelic acid, L-
arginine, L-glutamine, L-histidine, nor g-aminocapronic
acid was able to act as substrate (decarboxylase activity
towards the substrates were below 4% compared with
that towards L-lysine, data not shown). The kinetics of

Table 1. Purification of the Lysine Decarboxylase from S. ruminantium
LDC
Purification Total vol. Total protein Yield Purification
steps (ml) (x107%kg) Total activity Specific activity (%) (Fold)
(x 107° kat) (kat/kg)

Crude extract* 429 5990 1081 0.000181 100 1
Butyl-Toyopearl 650M 118 85.7 532 0.00621 49.2 34.5
Phenyl-5PW 15.8 2.59 141 0.0544 13.0 302
DEAE-5PW 2.75 0.531 105 0.198 9.71 1100

* Prepared from the cells of 60-liter culture (125.7 g wet cells).
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Fig. 2. Lineweaver-Burk Plots of Lysine Decarboxylase (A, B) and Ornithine Decarboxylase (C, D) Activities of the Purified LDC Preparation
with or without Inhibitors. Inhibitors; DFML and DFMO were used for A and C, and B and D, respectively.

decarboxylation of both L-lysine and L-ornithine by the
LDC preparation were analyzed by measuring initial
velocities over a range of the substrates concentrations
(0.125 to 4 mm). Over the concentration range used,
both L-lysine and L-ornithine behaved as Michaelis-Men-
ten-type substrates (Fig. 2). A double-reciprocal plot of
the initial velocities demonstrated that the K, for L-ly-
sine and L-ornithine were 0.63 mM and 1.2 mMm, respec-
tively and the V., were 14.7 and 6.71 umol min~! mg™!
of protein for L-lysine and L-ornithine, respectively
(Table 2). To ascertain that the S. ruminantium LDC
had the novel characteristic of decarboxylating both L-ly-
sine and L-ornithine, the /dc was cloned from the S.
ruminantium chromosomal DNA and expressed in a
ldc-lacking E. coli mutant which was constructed previ-
ously.’” When the recombinant LDC (rLDC) was
purified and assayed for the decarboxylase activity
towards L-lysine and L-ornithine, the rLDC decarbox-
ylated both substrates with the K, identical with that of
the intact LDC from S. ruminantium (Takatsuka, Y. et
al., unpublished data).

It is well known that ODC preferentially decarboxy-
lates L-ornithine and that the enzyme activity is inhibit-
ed competitively by DFMO.!® Taken together with the
evidence, the novel characteristic of our enzyme having
decaboxylase activities towards both L-lysine and L-or-
nithine led us to examine, by using DFML and DFMO,
whether or not the catalytic domains of our LDC for
recognition of both substrates are identical. If the cata-
lytic domain(s) in LDC for decarboxylating both L-ly-
sine and L-ornithine is/are identical, the decarboxyla-
tion of L-lysine and L-ornithine should be inhibited by
DFML and/or DFMO. Accordingly, we examined the
inhibitory effects of both inhibitors on the decarboxy-
lase activities towards L-lysine and L-ornithine. As
shown in Table 2, both DFML and DFMO inhibited the
decarboxylation of L-lysine by the LDC preparation
with K; of 17.5um and 5.25 uM, respectively. In the
same manner, both DFML and DFMO prevented decar-
boxylation of L-ornithine by the LDC preparation with
K; of 28.0 um and 8.20 uM, respectively. In the ranges
from 0 to 40 um DFML and 0 to 10 um DFMO, plots of
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Table 2. Kinetic Analysis and Inhibition of Lysine Decarboxylase from S. ruminantium

Vmax
Substrate K (umol/min- k“_’ 1 kf‘{‘/ Ki‘l Inhibitor K; Type of inhibition
(mm) (sec™) M™sec”) (um)
mg enzyme)

. DFML 17.5 Competitive
L-lysine 0.63 14.7 10.6 17,000 DFMO 525 Competitive
iy DFML 28.0 Competitive
L-ornithine 1.2 6.71 4,83 4,000 DEMO 8.20 Competitive

Table 3. Comparison of S. ruminantium LDC with Bacterial and Eukaryotic ODCs Including ODCs from E. coli, Lactobacillus sp. 30a,

Mouse, Trypanosoma brucei, and Neurospora crassa

Bacterial ODC? Eukaryotic ODC?*

Property S. ruminantium LDC

. 1 Lactobacillus sp. .
(cofstiilolilive) 30a (inducible) Mouse  T. brucei  N. crassa
Subunit M, 42,000 82,000 85,000 53,000 45,000 53,000
Native M, 88,000 146,000 1,040,000 100,000 90,000 110,000
Subunit structure Dimer Dimer Dodecamer, Dimer Dimer Dimer
Dimer

pl 4.7 4.55 4.8 5.0 5.25&5.5
Cofactor PLP PLP PLP PLP PLP PLP
Substrate specificity

K., L-lysine (mM) 0.63 5.2 21

K, L-ornithine (mm) 1.2 5.6 1.7 0.09 0.24 0.35
Inhibitor DFML & DFMO not inhibited DFMO DFMO DFMO

K, for LDC activity (um) 18 5.3 by DFMO

K, for ODC activity (um) 28 8.2 39 220
Optimal pH 6.0 8.1 5.8 7.4 7.3 7.1
Optimal temperature 45°C

pH stability

Thermal stability for 30 min
with PLP
without PLP

5.5-8.0 (>80%)

50°C (50%)
35°C (50%)

2 Data are derived from Refs. 15-21.

the reciprocals of reaction velocities against both L-ly-
sine and L-ornithine gave a series of straight lines inter-
cepting a single point on the 1/v axis (Fig. 2, A-D), in-
dicating that the inhibition type of both inhibitors is
competitive. Thus, it was concluded that S. ruminanti-
um LDC has decarboxylase activities towards both L-1y-
sine and L-ornithine with similar K, and that catalytic
domains of the enzyme activities towards both sub-
strates are identical. When the enzyme was incubated
for 60 min at 4°C with DFMO (500 um) and dialyzed
against buffer C, about 97% of the decarboxylating ac-
tivities towards both substrates was irreversibly lost
(data not shown), indicating that DFMO as well as
DFML is a irreversible inhibitor of S. ruminantium
LDC. This is the first report on the existence of LDC
with decarboxylase activities tawards L-lysine and L-or-
nithine. Table 3 shows a comparison of properties of the
S. ruminantium LDC with that of ODCs from E. coli
and Lactobacillus sp. 30a, representative of prokaryotic
ODC, and that of eukaryotic ODCs, such as ODCs
from mouse, Trypanosoma brucei, and Neurospora
crassa, which have been extensively studied.'®2? There
are several similarities between the enzymes from S.
ruminantium and three kinds of eukaryotes, including

subunit structure, p/, cofactor requirement, inhibition
by DFMO, and decarboxylase activity towards L-or-
nithine. In contrast, the molecular structure of the en-
zyme in S. ruminantium is markedly different from that
in Lactobacillus sp. 30a which has been analyzed crystal-
lographically.”? The molecular weight of the native
enzyme of the former is 88,000, and it consists of two
identical subunits, whereas the latter has a dodecameric
structure with a molecular weight of 1,040,000, consist-
ing of 12 identical subunits. The ODC from E. coli and
Lactobacillus sp. 30a were also found to have a strict
substrate specificity for L-ornithine, with a very weak ac-
tivity towards L-lysine. The E. coli ODC is not inhibited
by DFMO.!®

The entire amino acid sequence of S. ruminantium
LDC was found to be 34% identical with that of ODCs
from mammalian species (Takatsuka, Y. ef al., unpub-
lished data). This prompted us to examine the occur-
rence of ODC which is specifically involved in decarbox-
ylating only L-ornithine in S. ruminantium. While
purifying the ODC preparation from S. ruminantium us-
ing L-ornithine as a substrate, the elution profile of
ODC preparation in any chromatography was identical
with that for LDC, and the purified ODC preparation



1068

(x10-9 ng/cell) (%1079 nkat/cell)
140 10
- 9
1201 % Amount of enzyme/cell | g
] % [0 Enzyme activity/cell
Z 1004 Z 7 O
.
T e % 6 3
R 1 | 3
: . s 3
E 60 % H
3 % 4 ©
] / o
s % , &
5 401 % §
£ | .
< | 2
|
%
|
|

Time (h)

Fig. 3. Fluctuation in the Quantity of LDC during Growth of S.
ruminantium.

To measure the amount of the LDC protein in the cells immuno-
logically, S. ruminantium cells were grown as described in the
legend of Fig. 1, and at the time indicated in the figure, 4 ml of the
culture was taken up and centrifuged. The cells were suspended in
0.4 ml potassium phosphate buffer described in the legend to Fig. 1.
The suspension (10 ul) was then treated with SDS (2%) in the
presence of 2-mercaptoethanol (2%) at 100°C for 5 min and ana-
lyzed on 12.5% SDS-polyacrylamide gel. The proteins on the gel
were transferred to nitrocellulose membrane (Hybond-C pure,
Amersham), and cross-reacted with anti-LDC antibodies. Antigen-
antibody complex was detected with anti-rabbit IgG (Fc)-alkaline
phosphatase conjugate (Seikagaku Kogyo Co., Tokyo). The LDC
band was developed with Nitro blue tetrazolium and 5-bromo-4-
chloro-3-indolyl phosphate as the substrate.

decarboxylated L-lysine as well as L-ornithine and its ac-
tivity was completely blocked by both DFML and
DFMO with the K, and K; identical with that of the
LDC preparation described above. Thus, we conclude
that the ODC which is involved in decarboxylation of L-
ornithine alone is lacking in S. ruminantium and that
LDC acts in the biosynthesis of both cadaverine and
putrescine from L-lysine and L-ornithine, respectively,
in this organism.

Fluctuation of the amount of LDC during cell growth

The result from Fig. 1 suggests that the drastic vanish-
ing of the LDC activity after 7 h of incubation of the
cells might be due to a degradation of the LDC or the in-
activation of LDC by an unknown inhibitor(s). To exa-
mine these possibilities, the amount of the LDC was
measured using specific antibodies raised against an
LDC preparation. As shown in Fig. 3, the accumulation
of the enzyme protein in the cells proceeded up to 3.5 h
and reached approximately 120X 107° ng/cell. There-
after, the amount of LDC in the cells decreased with a
gradual slope within one hour, and a dramatic descend-
ing of the LDC was observed between 4.5 to 6 h of inocu-
lation. After 7 h of inoculation, the LDC was not detect-
ed in the cells (Fig. 3). At 7 h after inoculation, mRNA
for LDC still remained in 29% maximal amount at 4 h
of inoculation (data not shown). The data indicate that
the vanishing of the enzyme activity after 4.5 h of inocu-
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lation is due to the degradation of LDC in the growing
cells. To detect the degradation products of LDC, total
protein preparation from the cells through the growth
was analyzed by SDS-PAGE and immunoblotting using
the specific antibodies raised against S. ruminantium
LDC. No significant protein band except for intact LDC
could be detected by the Western immunoblotting (data
not shown), suggesting that the LDC molecule is degrad-
ed into small peptide fragments. Recently, the antizyme-
mediated ODC degradation mechanism in mammalian
cells has been established.”® According to the mechan-
ism, active ODC, comprising two identical monomer
subunits, is in rapid equilibrium with the inactive mono-
meric form. Antizyme, which is induced by the accumu-
lation of putrescine in the cells preferentially, binds with
an inactive ODC monomer to form an ODC-antizyme
complex. This binding causes a conformational change
of the ODC subunit allowing it to be attacked by pro-
tease, and the ODC is broken down by the protease to
small peptides of 5-11 amino acid residues. Although
the presence of an LDC-antizyme complex in S.
ruminantium has not been demonstrated, the degrada-
tion mechanism of the mammalian ODC might be ap-
plicable to that in our S. ruminantium LDC, i.e. during
entry into the stationary phase of S. ruminantium cells,
the a-carboxyl group of the D-glutamic acid residue of
the peptidoglycan has been saturated with cadaverine,-?
and an excess of free cadaverine were accumulated con-
stitutively in the cells. The accumulation of free cadaver-
ine in S. ruminantium might prompt the induction of
the synthesis of a negative regulation factor like anti-
zyme in the cells.
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