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Abstract. Several Nocardia and Pseudomonas spp., as
well as some unidentified bacteria, isolated from lake
water containing high loads of waste lignin, were tested
for their capacity to release **CO, from specifically
14C-labelled dehydropolymer of coniferyl alcohol
(DHP) or corn stalk lignins. The bacteria were selected
according to their ability to degrade phenolic com-
pounds. However, only some of them could release
significant amounts of **CO, from the labelled lignin.
The tested Nocardia spp. were more active than the
Pseudomonas spp. and the unidentified bacteria. The
most active strains belonged to N. autotrophica. These
strains released CO,significantly from the methoxyl
group and transformed the other catbons from the
phenylpropane skeleton of lignin also into CO,. Other
less demethylating strains also released little CO, from
the other carbons of the lignin molecule. From corn
stalk materials which were specifically labelled in the
lignin part, only small amounts of labelled CO, were
released.

Key words: Lignin biodegradation — Bacteria —
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The role of bacteria in lignin degradation is still a
matter of conjecture. Some authors conclude that there
is no direct evidence to implicate any particular species
of bacteria which is essentially active in the breakdown
of lignin in situ (Jaschhof, 1964; Greaves, 1971;
Cartwright and Holdom, 1973). Other authors, how-
ever, demonstrated that either mixed (Sundman et al.,
1968) or pure cultures of bacteria (S@rensen, 1962) can
grow on lignin as a carbon source. Pseudomonas spp.

* To whom offprint requests should be sent

Non-Common-Abbreviation Used. DHP = dehydropolymers of co-
niferyl alcohol

were claimed by Kawakami (1976) and Odier and
Monties (1977) to degrade plant lignins. Odier and
Monties also indicated several other bacterial strains
that can use within seven days time more then 50 % of
the lignin supplied in a mineral medium containing
glucose. In a recent note in Chemical and Engineering
News (Anon., 1977), some bacteria were reported
which showed considerable activity in lignin
degradation.

The ability of bacteria to degrade phenols with a
structural relationship to lignin and to cleave
arylglycerol-B-aryl ether bonds may be of importance
as a criterion to screen for the ability to degrade lignin
(Crawford et al., 1973; Fukuzumi and Katayama,
1977). However, there is not yet a direct evidence for a
correlation between the ability to degrade monomer
phenols and the ability to degrade lignin (Crawford et
al., 1973).

Trojanowski et al. (1977) described a Nocardia sp.
(DSM 1069) from soil which released CO, from
methoxyl, side chain or ring carbons from specifically
14C-labelled DHP or corn stalk lignins. This species
also degraded numerous phenols with structural re-
lationships to lignins. A great number of other
Nocardia were characterized by Kutzner (1977) and
Hammann (1977) by their capacity to metabolize
phenols. Several of these strains were obtained from the
German Collection of Microorganisms and were tested
along with some well-characterized Pseudomonas spp.
for their capacity to release '*CO, from carbon-
labelled lignin. Furthermore, a number of unidentified
bacteria, isolated from lake water containing a high
load of waste lignin from paper mills, were checked by
the same method. These bacteria were selected from a
greater number by their ability to utilize several phenols
or lignin sulfonate as the only carbon source. Some of
these bacteria also responded positively in a plate test
for lignin degradation developed by Sundman and
Nise (1971).
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Methods

The preparation of the labelled DHP by polymerizing labelled
coniferyl alcohol and the preparation of the corn stalk material
labelled in the lignin component followed the same methods as
described by Haider and Trojanowski (1975) and Trojanowski et al.
(1977). These labelled lignins were incubated with the bacteria in
liquid culture media and the CO, released was collected and
measured for its radioactivity. The Nocardia strains were obtained
from the German Collection of Microorganisms (DSM). They were
grown in a medium No. 65 of the DSM-Catalogue (1977). The
medium consisted of 4g glucose, 4g yeast extract, 10 g malt extract
dissolved in 1 1 H,O. Replicate flasks with 50 ml of the medium were
inoculated and after incubation for one day, 3 mg of labelled DHP or
50 mg of the corn stalk material was added. The Pseudomonas spp.
were cultivated in a medium consisting of 1 g p-hydroxybenzoic acid,
1 g casein hydrolysate (Merck), 0.01 g FeSO, dissolved in 11 H,O.
S0 ml of this medium were inoculated with the following
Pseudomonas spp.: P. putida (ATCC 17433), P. putida (DSM 50906),
P. sp. (Inst. Pasteur No. 6323, probably P. putida, it degrades
cinnamic acid derivatives by o-cleavage), P. sp. (isolated by Dr.
Reber, FAL Braunschweig, utilizes phenol as only carbon source), P.
testosteroni (DSM 50244), P. acidovorans (described by Reber, 1973).
The bacteria isolated from lake water were cultivated in a medium
consisting of 2 g NH,Cl, 2.9 g K,HPO,, 0.1 g NaCl, 0.3 g MgSO,
- 7H,0, 1 g yeast extract, 1 g vanillic acid dissolved in 11 H,O and
adjusted to pH 6.5. The incubation experiments were made at 30° C
and the cultures were shaken with 110 rpm for 10—15 days.

Results and Discussion

Table 1 shows the 1*CO,-release by several of the tested
Nocardia spp. and Pseudomonas spp. from the 3 mg of
added methoxyl labelled DHP within a 10 and 15-day
period. The figures indicated the CO, release in per cent
of the added activity and the standard deviation for 3
replicate flasks. According to the table, the Nocardia
spp. released more **CO, than the Pseudomonas spp.
The most active strains were representatives of N.
autotrophica. Some N. spp., not shown in Table 3,
released only about 2—39% of the added activity as
14CQ, in 10 days. These were N. autotrophica (DSM
43083 and 43100), N. opaca (43203, 43204 and 43135)
and N. aurantia (DSM 43287). However, most of them
were more vigorous than the pseudomonads. Among
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these less active N. strains in this latter group, the N.
autotrophica strains also released more 1*CO, than the
other species.

The Nocardia spp. were screened before by Kutzner
(1977) and Hammann (1977) for their ability to grow on
benzoic, p- and m-hydroxybenzoic and protocatechuic
acids or on catechol. They also determined whether
catechol or protocatechuic acid was metabolized
through o- or m-cleavage. Generally, there was a
correlation between the findings of Hammann (1977)
and Kutzner (1977) about the ability to utilize the
indicated phenols and the ability to release **CO, from
DHP. For example the two N. autotrophica strains
(DSM 43083 and 43100) and N. corallina (DSM 43230)
could not utilize several of the compounds tested by
Hammann (1977). Others, however, which readily
metabolized the phenols were not very active in
demethylating DHP. Furthermore, the degradation
rates of p-hydroxybenzoic and vanillic acid were tested
in our laboratory and it was found that N. autotrophica
strains metabolized these compounds not as rapidly as
some of the other N. spp.

The Pseudomonas spp. were sclected according to
their ability to utilize compounds such as p-
hydroxybenzoic, vanillic, veratric or anisic acids.
However, most of them released only small amounts of
CO, from the methoxyl group of DHP lignin. Among
the most active ones was P. testosteroni which cleaves
aromatic compounds through m-cleavage. However, P.
acidovorans, which also degrades aromatic compounds
through the m-pathway, released similar amounts of
14C0, as some of the P. spp. which cleave aromatic
compounds through o-cleavage.

Some characteristics of the bacteria which were
isolated from lake water containing high loads of waste
lignin are shown in Table 2. This table also indicates the
14CO, release from the methoxyl-labelled DHP-lignin
within a 10 and 15 day period. The bacteria showed a
negative Gram stain only RP 40 was Gram variable.
The bacteria released relatively little CO, from the

Table 1. Release of 1“CO, from '“C-methoxyl labelled DHP-lignin by several Nocardia and Pseudomonas spp. and within a 10- and 15-day
period. Figures indicate the accumulative release of 14C0, in % of the applied radioactivity

Nocardia spp. 10 days 15 days Pseudomonas spp. 10 days 15 days
N. autotrophica DSM 43089 8.2 13.8+1.1 P. testosteroni DSM 50244 1.8 22
N. autotrophica DSM 43099 7.5 12.5+0.7 P. sp. (anisate)® 1.8 2.3
N. autotrophica DSM 43088 6.5 11.3+09 P. sp. (phenol)® 241 2.5
N. corallina DSM 43001 4.1 53405 P, putida ATCC 17433 0.9 1.0
N. opaca DSM 43202 4.0 48+0.2 P. putida DSM 50906 0.5 0.8
N. asteroides DSM 43003 3.8 42402 P. sp. Inst. Past. 6232 0.7 0.9
N. globerula DSM 43273 3.8 42401 P. acidovorans (Reber)® 0.8 0.9

2 Utilizes anisate by o-cleavage
b Utilizes phenol
¢ Described by Reber (1973)
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Table 2. Characteristics of several bacteria isolated from lakewater with high load of waste lignin. Utilization of aromatic compounds and ability
to release 1*CO, from *#C-methoxyl labelled DHP-lignin within a 10- and 15-day period (in % of the applied activity)

Characteristics RP 26 RP 40
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? According to Sundman and Nise (1971)
® CO,-release within 10 and 15 days, respectively

Table 3. Release of '“CO, by several Nocardia and Pseudomonas spp. from DHP-lignin labelled by 1#C in the methoxyl, C, of the side chain or in
the benzene ring, respectively, within a 10- and 15-day period. Figures indicate mean values of the accumulative release of 1*CO, in % of the
applied activity of 2 replicate flasks. The deviation was mostly less than 19

Bacteria 0!*CH, 4C, 14C g
10d 15d 10d 15d 10d 15d

N. autotrophica DSM 43089 7.5 14.1 6.8 9.5 : 53 7.6
N. autorophica DSM 43088 6.3 121 4.8 6.5 4.0 5.3
N. autotrophica DSM 43099 6.9 12.5 5.3 7.9 5.4 6.1
N. corallina DSM 43001 44 6.1 1.8 2.1 2.5 3.1
N. globerula DSM 43273 2.9 4.0 1.1 1.7 1.1 1.5
N. opaca DSM 43202 3.9 4.5 1.4 1.7 0.9 1.0
P. putida DSM 50906 0.8 — 0.7 — 0.2 -
P. testosteroni DSM 50244 21 - 11 - 1.1 —
P. sp. (phenol) 2.2 - 1.8 - 1.1 —

methoxyl group. The strains RP 126 and RP 137,
however, which were positive in the lignin degradation
test by Sundman and Nise (1971), also showed the
highest release of *CO, from the labelled lignin.
Several authors (Sundman et al., 1968) reported a
decrease in the methoxyl contents of lignin or some
detachment of side chain by bacteria (Jaschhof, 1964).
Trojanowski et al. (1977) found with N. sp. (DSM 1069)
a more rapid release of CO, from the methoxyl group
also, however, the significant CO,-release from other
carbons of labelled DHP lignin indicated a
considerable attack of the carbon skeleton. Several tests
made with some of the Nocardia and Pseudomonas spp.
for their ability to release **CO, from the side chain or
ring carbons of specifically labelled DHP-lignin are
shown in Table 3. This table indicates that the tested
strains of N. autotrophica attacked vigorously the
carbon framework of DHP-lignins. The other N. spp.
and the P. spp. which had little demethylating activity
were also not very active in degrading the carbons of the
side chain and of the rings.

The experiments with the Nocardia spp. were made
in a culture medium which contained carbohydrates as

the main carbon sources. Preliminary experiments
where the carbohydrates were partly substituted by
vanillic acid showed with labelled DHP-lignins that the
CO,-release from the labelled groups was significantly
inhibited. Further experiments conducted with corn
stalk materials labelled in the lignin part showed that
the N. spp. released only small amounts of “CO, from
the labelled lignin if it was located in an organized cell
wall. As with the DHP-lignin, the plant lignin was most
actively degraded by strains of N. autotrophica.
Experiments with cultures of mixed cellulolytic bacteria
or fungi and the lignolytic Nocardia spp. are in
progress.
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