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A poly(aspartic acid) degrading bacterium (strain KT-1 [JCM10459]) was isolated from river water and
identified as a member of the genus Sphingomonas. The isolate degraded only poly(aspartic acid)s of low
molecular masses (<5 kDa), while the cell extract hydrolyzed high-molecular-mass poly(aspartic acid)s of 5 to

150 kDa to yield aspartic acid monomer.

The poly(aspartic acid) (PAA), belonging to the family of
synthetic polypeptides, is a biodegradable water-soluble poly-
mer. PAA polymers attract attention as environmentally de-
gradable water-soluble materials to be used as dispersants, as
detergent builders, and in biomedical applications (13).

Recently, an attempt to produce PAA on large scale was
made by the thermal polymerization of L-aspartic acid to yield
polysuccinimide as prepolymer, followed by hydrolysis of poly-
succinimide (4, 19). The thermal polymerization of L-aspartic
acid with or without catalyst leads to the formation of a mix-
ture of L- and D-succinimide units, and the resulting PAA after
the hydrolysis of polysuccinimide is composed of 70% of
B-amide and 30% of a-amide units (5, 11, 12, 20). Several
research groups reported that the thermally synthesized PAA
has a branched structure and several irregular end groups (8, 9,
20). The thermal polymerization of L-aspartic acid in the ab-
sence of catalyst gives low-molecular-mass PAA of <10 kDa.
In contrast, high-molecular-mass PAA (10 to 90 kDa) can be
prepared by the hydrolysis of the polysuccinimides synthesized
from L-aspartic acid in the presence of phosphoric acid as a
catalyst (7).

Several research groups have studied the biodegradability of
PAA in activate sludge and reported that the biodegradability
of PAA is affected by the structures of branching and irregular
end groups in PAA (1, 3, 6, 16). The biodegradation of PAA
chains must be caused by some bacterium in the natural envi-
ronment. However, there has been no report on the isolation
of PAA-degrading bacteria, which prompted us to isolate
PAA-degrading bacteria from environments. In this study, we
examined the biodegradability of thermally synthesized PAA
polymers in natural river water, and we isolated a PAA-de-
grading bacterium.

The biodegradabilities of PAA samples in river water (Ara-
kawa River, Saitama, Japan) were measured by biochemical
oxygen demand (BOD) assay and by gel permeation chroma-
tography (GPC) analysis. Two types of PAA samples were
used for the biodegradation test. PAA-T sample (number-
average molecular weight [M, ], 2,100; weight-average molec-
ular weight [M,,], 4,500; number of branched units/100 mono-
mer units, 5.6) was obtained by hydrolyzing polysuccinimide
prepared by the thermal polymerization of L-aspartic acid with-
out catalyst at 180 to 240°C. PAA-P sample (M,,, 7,500; M,,,
20,000, number of branched units/100 monomer units, 3.1) was
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obtained by hydrolyzing polysuccinimide prepared by the ther-
mal polymerization of L-aspartic acid with phosphoric acid as a
catalyst at 160 to 200°C. The procedures of the BOD biodeg-
radation test were previously reported (2, 21). The BOD bio-
degradabilities of PAA-P and PAA-T in river water at 25°C
increased with time to reach ca. 78 and 70%, respectively,
within 15 days. The time-dependent changes in molecular
weights of PAA-P and PAA-T samples in river water at 25°C
are shown in Fig. 1. PAA-P sample was completely hydrolyzed
within 12 days, and no product was detected by GPC. In con-
trast, high-molecular-weight fractions of PAA-T sample that
were greater than 1,000 were completely degraded within 12
days, while low-molecular-weight fractions of less than 1,000
were slowly degraded, and a portion remained after the test of
28 days. These results indicate that PAA-degrading microor-
ganisms are present in river water.

A PAA-degrading bacterium was isolated from Arakawa
River water by an enrichment culture in the mineral medium
containing 0.15% PAA-T sample as a substrate. The compo-
sition of mineral medium was as follows (per liter); 4.60 g of
KH,PO,, 11.60 g of NaHPO, - 12H,0, 1.00 g of NH,Cl, 0.50 g
of MgSO, - 7H,), 0.05 g of CaCl, - 2H,0, and 0.01 g of FeCl, -
6H,0. One bacterial strain capable of degrading PAA-T was
isolated and designated strain KT-1. Strain KT-1 has been
deposited in the Japan Collection of Microorganisms under
accession number JCM10459. Strain KT-1 was a gram-nega-
tive, motile rod with more than one polar flagellum. Strain
KT-1 grew aerobically, and oxidase and catalase activities were
absent. No fermentative growth was observed under anaerobic
conditions. Methanol did not support growth. The colony was
circular and yellow. Cellular quinone type and (G+C) content
of DNA were Q10 and 63%, respectively. On the basis of these
phenotypic properties, strain KT-1 was identified as a member
of the genus Sphingomonas belonging in the alpha subclass of
Proteobacteria. To clarify the phylogenetic relationships be-
tween strain KT-1 and known strains belonging to the genus
Sphingomonas, we determined the 16S ribosomal DNA se-
quence of strain KT-1 and compared with the sequences of six
species belonging to the genus Sphingomonas. The sequence of
16S rDNA was determined by PCR (15) by using the MicroSeq
16S rRNA gene kit (PE Applied Biosystems). The 16S rDNA
sequence of the PAA-degrading strain KT-1 has been depos-
ited in the GenBank database (National Center for Biotech-
nology Information, National Library of Medicine) under ac-
cession number AB022601. The GenBank database was used
to search for 16S rDNA sequences. The sequences were
aligned, and phylogenetic tree was constructed with the Ge-
netics Program (Software Development Co. Ltd.) by using the
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FIG. 1. Time-dependent changes in the molecular weights of PAA-P (A) and
PAA-T (B) in fresh water. PAA at 0.175 mg/ml was incubated in fresh water at
25°C, and the molecular weight was analyzed by GPC.

neighbor-joining method and the Jukes-Cantor distance cor-
rection method (14). Figure 2 illustrates the phylogenetic re-
lationship of bacteria in the Sphingomonas group. The closest
relative to strain KT-1 was Sphingomonas macrogoltabidus
(97.3% similarity).

The effect of carbon source on the growth of strain KT-1 was
investigated by measurement of turbidity at 660 nm of culture

Sphingomonas adhaesiva {D13726)
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FIG. 2. Phylogenetic tree based on the partial 16S rRNA gene sequence of
Sphingomonas sp. KT-1 and the six species belonging to the genus of Sphingomo-
nas. The bar insert represents 5% sequence divergence as determined by mea-
suring the lengths of the horizontal lines connecting any species. Nucleotide
sequence database accession numbers are shown in parentheses.
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TABLE 1. Yields and PAA degradation activities of strain
KT-1 grown on various carbon sources

PAA degradation activity®

Carbon source® ODye? (Ufmg of protein)
Glucose 0.05 0.27 = 0.10
Fructose 0.04 0.29 = 0.20
Succinate 0.05 0.17 = 0.05
Alanine 0.06 0.19 = 0.09
Isoleucine 0.04 0.58 =0.24
Valine 0.05 0.02 = 0.01
L-Aspartic acid 0.50 6.32 = 3.17
D-Aspartic acid 0.48 10.18 = 4.66
L-Asparagine 0.53 1.79 = 0.42
L-Glutamic acid 0.57 042 =0.12
Oxalacetic acid 0.03 0.03 = 0.02
PAA-P 0.04 6.62 = 1.25
PAA-T 0.04 7.35 £291

¢ Strain KT-1 was grown in mineral medium containing a 0.15% (wt/vol)
carbon source at 25°C for 3 days.

® The optical density (OD) of the culture medium was measured at 660 nm.

¢ PAA-degrading activity by cell extract was determined by measuring the
amount of NH,-terminal amino acid.

media (Table 1). PAA-degrading activities of strain KT-1 cell
extract were evaluated from the time-dependent changes in the
amount of NH,-terminal amino acid by measuring the fluores-
cence of products from the reaction with o-phthalaldehyde
(10). As shown in Table 1, the growth of the bacteria and the
PAA-degrading activity of cell extract were dependent of the
kinds of carbon substrates. When L-aspartic acid, p-aspartic
acid, or L-asparagine was used as sole carbon source, strain
KT-1 grew well and a high PAA-degrading activity was de-
tected. L-Aspartic acid and p-aspartic acid are the final end
products of PAA degradation by cell extract of KT-1. These
results suggest that there is no end product inhibition of the
enzyme responsible for this activity. A weak growth was ob-
served on PAA-P and PAA-T, but PAA-degrading activities
were as high as the activities in the presence of aspartic acids.
When strain KT-1 was incubated with L-glutamic acid, the
strain grew well, but the PAA-degrading activity was relatively
low.

Strain KT-1 was grown on PAA as the sole carbon source,
and the degradation of PAA was analyzed by GPC. Low mo-
lecular weight components (M, <5,000) of PAA-T sample
were degraded by strain KT-1 during the test for 5 days at
25°C, while high-molecular-weight components of greater than
5,000 were hardly degraded for 5 days. When PAA-P was
incubated with strain KT-1, only low-molecular-weight compo-
nents of <5,000 were degraded, as was the case with PAA-T.
Thus, strain KT-1 is capable of degrading only low-molecular-
weight PAA polymer chains. In this study, strain KT-1 was
isolated on the basis of the ability to grow on PAA-T. As shown
in Fig. 1A, high-molecular-weight PAA chains were completely
degraded in river water. Therefore, other bacteria capable of
degrading high-molecular-weight PAA must be present in river
water.

The hydrolysis of PAA samples by cell extract of strain KT-1
was analyzed by GPC. The changes in GPC profile of PAA-P
and PAA-T samples by treatment with cell extract are shown in
Fig. 3. It is of interest that the cell extract hydrolyzed the
high-molecular-weight PAA-P sample to yield a low-molec-
ular-weight product (Fig. 3A). The molecular weight of the
PAA-P sample decreased gradually with time, and aspartic
acid monomer was accumulated in solution as a final product.
After 9 h, most of the PAA-P sample was converted into
aspartic acid monomer by the cell extract. It is apparent that
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FIG. 3. Time-dependent changes in the molecular weights of PAA-P (A) and
PAA-T (B) treated with cell extract of strain KT-1. Cells of strain KT-1 were
disrupted by ultrasonic treatment, and the cell extract was incubated with 0.15%
(wt/vol) PAA in carbonate buffer (pH 7.0) at 28°C. The solutions were then
removed and analyzed by GPC.
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the cell extract can hydrolyze high-molecular-weight PAA
chains of greater than 5,000, though strain KT-1 degraded only
PAA polymers with low molecular weights (M, <5,000). When
PAA-T sample was incubated with cell extract, the molecular
weight of the PAA-T sample decreased with time, as with
PAA-P, and the amount of aspartic acid as final product in-
creased with time (Fig. 3B).

The cell extract could hydrolyze PAA polymers with high
molecular weights of up to 150,000, while the strain KT-1
degrades only low-molecular-weight PAA components (M,
<5,000). A study on the localization of PAA-degrading activity
revealed that the activity was localized in the cytoplasmic mem-
brane within the cell (data not shown). These results suggest
that high-molecular-weight PAA polymers (M, >5,000) are not
transported within the cell. As shown in Fig. 2, strain KT-1
belongs to the group consisting of Sphingomonas adhaesivia,
Sphingomonas terrae, and Sphingomonas macrogoltabidus,
which utilize polyethylene glycol (PEG) (17, 18). S. macrogolta-
bidus, which was the most similar to strain KT-1, was reported
to utilize only low-molecular-weight PEG (M, <4,000), while
an intracellular PEG dehydrogenase in the cytoplasm of S.
macrogoltabidus was found to dehydrogenate high-molecular-
weight PEGs (M.s 6,000 and 20,000) (22). Thus, degradation of
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PAA by strain KT-1 showed some similar characteristics of the
PEG degradation by S. macrogoltabidus.

The structure and properties of an intracellular PAA de-
polymerase in strain KT-1 are under investigation.
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