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SUMMARY 

Serr&a rnarcescens was found to degrade kraft liinin by only 15%. When “C-radiolabellcd 
lignocelluloses and DHP lignins were used as substrates the bacterium mineralized to “CO,only 1.1-1.996 and 
0.4-0.82 of the lignins respectively. However, some 44.4% of the “C-RDHP lignin was recovered as soluble 
radiolabelled products. 

INTRODUCl’lON 

The degradation of lignin by bacteria was reported many years ago but more recently attention has 
been given to the role of the bacteria in this proce~ss (Zimmermann, 1990). The ability of filamentous and non- 
filamentous bacteria struinq including Slreptornyces (McCarthy, 1987). Nocamiia (Trojanowski et al., 1977), 
Pseudomonas (Kaplan and Hartenstein, 1980), Adzrobacter (Kerr et al., 1983), BuciZZus (Robinson and 
Crawford, 1978), Xun~konrorras (Kern, 1984), and Acinefobader (Vasudevan and Mahadevan, 1991), to 
degrade radiolahelled natural or synthetic lignins, has been established. 

Different enzymes have been described in relation to lignin degradation. Particularly, lactase, a 
phenoloxidase enzyme, huve been involved in ligninolysis by causing demethoxylation of lignin and formation 
of phenoxy radicals as the initial step in C-C bond cleavage (Shimada and Hiichi, 1991). 

In this work, we have studied the ability of a Serratia marcesccns strain to attack kraft liinin and 
natural aud synthetic radiolabelled lignins. 

MATERlALS AND MEl’HODS 

Isolation and sp&fiion of the bacGrium.- The bacterium was isolated from compost heaps (Perestelo et al. 
19890). 

Media and culture conditions.- IlIe basal medium was prepared according to Odier and Monties (1978). When 
kraft lignin degradation was studied, the medium was dispensed into 1L Erlenmeyer flasks (300 ml/flask), the 
pH adjusted to 7 with phosphoric acid, and uutoclaved at 12l’C for 20 min. Kraft liinin sterilized by 
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Iikration~ wss added to basal medium to a final concentration af lg/l, and glucose was added at f g/l and 5 
g&4 thud flask being without ghrcose. Two controk without t&da, aad rontaiaiag gktfose to the above 
snentmd concentrations, were incubated in the same conditions (I25 strokeslmin and 2SQ. A third co&r& 
was carried out by inwbati~ eeli suspenskms in pbospbate buffer iXo0 mM, pa 3 in order to prove that 
cellular lysis was absent. The same medii with 2% agar were used for counts of viable cells. 

When specif~nfly radiolrrhelled substrates were used, cultures and bacterial counts were carrir?d out 
as Indicated by Benner et al, (X984). AU incubations were done in duplicate. 

w m.- Kraft pine llgnin polymer (Indulin AT, Wiestvaco Co., Charleston, S.C., USA) WPS used, 

s a&#&es.- Dierent radiolabelled substrates have been used (Table 1). (‘4C-W-llgnln) 
IignoceUulose and [‘%-J-side chain l&in) lignocellulose were provided by Dr. Hotin, Department of 
MicrobMogy~ University of &or&t, Athem, GA, USA. (“C-2-side chain lignin) tignocelh&se, NC-Cellulase~ 
and (%IMng) or C’C-2&e c&In) dehy~~l~e~ of coniforyl alsohol @HP), were provided by Dr. 
‘lk&nowsG Forstbotanisches Iastitut der Universiti%t GBttingen, FRG. 

V my.- ~olour~t~on activity of the bacterium on the polymeric dye PaIy R-411 
(polyvinalamine sulfonate-antbmquinone) was determined as indicated by Chet el al., (1985). 

lbWsummti of lignin and txdhkse degradation.- The extent of kraft liinin degradation after 7 days 
incubation was estimated by IN-spectroscopy (Ulmer et al., 1983) using uninoculated cultures as controls. 
Minersliition rates of the radiulnrhelled substrates were monitored as described by Benner et al.(198& 

Assay f&r laazre.- Lactase activity was determined ils indicated by Law and Tiiberlake (1980). 

This paper reports for the first time, the ability of S, nturcesceas to degrade krati liiin a& natural 
and synthetic radiolahelled lllnias. Before inoculation onto liinin substrates, the bacterium was tested to 
decolourize Poly B411 (Fig. I). A good correlation between lignocellulose degradation and the ability to 
decolourize Poly B4ll by filirmcntous bacteria, has been reported (Pasti and Crawford, 1991). Resu1t.s show 
that this Sermtti strain iq more effective at decolourizing the dye than the Streptornyces strains tested by Pa& 
and Crawford (1991) (Fig. I). 

When S. rttorcescens was grown in the presence of 0.1% kraft lignin, as sole carbon and energy 
source, the bacterial population declined until tot4 kill after 4 days incubation Wig. 2). lhis inhibitory effect 
was not present when medium was supplemented with 1 and 5 g/l glucose, in which the viable celi counts at 
the end of the incubation period (44 x IO6 &u/ml and 69.4 x IO6 cfu/ml, respectively), were sliihtly lower than 
those in the absence of kraft ligain fc-. 1) 5 x 18’ cfulml and 63.1 x IQ’ cfulml, respectively) @Zig. 2). ‘Ibis same 
~~i~~ry effect of kraft Jig&n brrs been observed previously (peresteko et al., f989b), R may be due to some 
low molecular weight fr@mtnts of lignin (Eemek, 1979; Perestelo e& al., 1989b). 

Quantitative drtermimltion of acid-precipitable polymeric Ii&n, showed 15% degradution when 
Semztio nuzccescens \VL~S irlcuhatad with 1 g/l glucose, while no uppreciahle lignin loss was observed when the 
bacterium was incubated with 5 p/l glucose nor in its absence @ati not show&The lower extent of lignin 
degradation in the medium with 5 g/l glucose may be due to the delay in the appearance of liininolytic activity 
at tbls time, ors to catabolite repression (Forney and Reddy, 1979). 

The maximum level of Iaccuse uctivity (25 U/ml) was recorded after 24 h of growth, and no faccm 

activity was detected in the presence of 2 m&l thioglycollate (Evane, 1985). Results showed that when krcrise 
activity IYDS not present in the culture medium, neither acid preeipitable lignin luss nor changes in total lignin 
spectrum were observed* Thus, a positive correliltion between filecase production and liinin degradation was 
fomid. 
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Figure I.- Scanning speclroxopy of Poly- 
II411 (a) before and (b) after 16 days 
incubation, in presence of the bacterium. 
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Fire 2.- Viable cell counts in different 
media containing 0.5% glucose (0); 0.5% 
glucose and 0.1% kraft ligniu (A); 0.1% 
glucose (0); 0.1% glucose and 0.1% 
kraft lignin (0); O.l%kraft Iignln (m). 
Each value is the mean of four 
determinations. 

Table I.- Radiolabelled substrates and degradation produced by Setmh mamescens. 

Substrates Source Specific Activity 
(dpm/mg) 

Lignin Degradation’ 

Sol. Prod. “CO2 

Natural Lignins: 

(“C-U-lignin)-lignocellulose 
(lJC-2-side chain lignin) 

lignocellulose 
(“C-3-side chain lignin) 

lignocellulose 

Synthetic lignim: 

Pine !2,160 N.T.b 1.9 (14) 

Spruce 4,525 N.S. 1.1 (25) 

Sedge 1,424 N.S. 1.2 (14) 

(“C-U-ring) DIIP 
(“C-2-side chain) DIIP 

“Cellulose Spruce 

61,512 N.S. 0.4 (25) 
370,729 44.4 0.8 09 

9,000 N.S. 6.7 (2s) 

’ Values are the percentlrges of the initial radioactivity recovered as either soluble products (Sol. Prod), or as 
“CO,. Incubation periods (days) are shown in parenthesis. 
b Values found were 
N.T.= Not tested 
N.S. = Not signifcantly different from controls 
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SC& marccoccns mineralized between 1.1-1.9% and between 0.40.8% from (“C-l&tin) 
Bgaocelbtloses and “C-DHPs, respectively (Table 1). When (“C-2-side chain) DHP was used as; a substrate, 
an additional 44.4% of the initial radioactivity was recovered as soluble products in the culture medium. 
FIutbermore, the bacterium mineralized 6,7% from ‘~Ccellulose (Table 1). 

As far as is known, only Kern (1984) and Vasudevan and Mahadevan (1991). have reported high rates 
of B&n degradation by bacteria, using radiolabelled DHPs. Degradation percentages reported for Sernmia 
marcescens, are similar to those reported by Kaplan and Hartemtein (1980) for some PseudomoMs strains, 
using “C-DHPs. More recently (Riittimann et al., 1991) have reported higher miner~t~n rates of 
radiolabelled DHPs in two Pse~o~no~s s&aim. However, water soluble radio~~lled products have not been 
reported for these bacteria, while this Sermtia marcescens strain solubiliied 44.4% of the (‘4C-2-side chain) 
DHP lignin. As far as we know, similar solubilization rates of (“C-2-side chain) DHP lignin have only been 
reported in fungi by Trojanowski and Htittermann (1987). This bacterium has a greater capacity to solubilize 
(‘XX-side chain) DHP compared to (“C-2-side chain lignin) lignocellulose. Thus (“C-2-side chain) DHP 
appears to have characteristics which facilitate biotransformation by Sermtia nmrcescens, probably due to a 
lower degree of polymerization. In conclusion, this SermGa rnarcescens strain shows a limited mineraliition 
rate of natural lignins and high soluhili7~tion rate of (“C-2 side chain) DHP. 
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