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Abstract 

Substrate utilization of microbial cells extracted from soil with a 0.85% aqueous sodium chloride solution, was 
determined to estimate effects on soil microorganisms at the community level with microtiter plates (Biolog GN”) 
containing 95 different sources of organic carbon. A consistent pattern of utilized substrates was obtained after 24 h of 
microtiter plate incubation at 28°C. The absorbance values COD,,,) obtained from a microtiter plate reader after background 
correction were transformed by using the average absorbance values of oxidized substrates as a threshold to distinguish 
between well utilized and poorly or non-utilized substrates and thereby reduce variances between replicates. Doubling times 
of the extracted soil microorganisms in the microtiter plates were tested with 12 substrates and ranged from 1.96 h to 3.23 h, 
depending on the carbon source. The carbon source utilization assay was used to assess the effects of soil inoculation with 
Cnqnehucteriwn glutumicum with and without a genetically engineered plasmid (pUN1; 6.3 kb), which encoded for the 
synthesis of the mammalian protease inhibiting peptide, aprotinin. Additionally. aprotinin itself was added at two 
concentrations to soil samples. An identical decrease in the number of carbon sources utilized. especially carbohydrates, 
occurred upon soil inoculation with both C. glutumicum strains after inoculation with IO6 cells g-’ soil. This effect was 
only detectable during the first three weeks of incubation, as long as cell numbers of C. glutamicum (pUNI) were above 10s 
cfu g-1. Soil amendment with aprotinin resulted in utilization of additional substrates. most of them carbohydrates. With 0.1 
mg aprotinin g- ’ soil this stimulation lasted 2 days and with 10 mg g-’ it lasted for 7 days. 

Kewwds: Soil microbial community: Carbon source utilization; Aprotinin; Genetically engineered microorganism: Risk assessment 

1. Introduction isms is their establishment as members of natural 

One major concern associated with the environ- 
mental release of genetically engineered microorgan- 

microbial communities. By this process important 
functional groups may be displaced and as a conse- 
quence alterations in biodegradation and nutrient cy- 
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cling could occur [l-3]. To obtain information on 
such potential alterations, the analysis of the micro- 
bial community structure and the detection of changes 
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due to the introduction of genetically engineered 
microorganisms are important. Several experimental 
approaches for the assessment of the composition or 
diversity in environmental microbial communities 
have been developed. Most of them rely on charac- 
terizing its cultured constituents, e.g. by differentiat- 
ing the isolated microorganisms on basis of physio- 
logical tests [4-71, composition of fatty acids [8.9], 
protein analyses [lo- 121, nucleic acid hybridization 
[ 131, or DNA ‘fingerprinting’ [ 14,l S]. However, cul- 
turing techniques select only for a minority of the 
microbial populations from many habitats and there- 
fore lead inevitably to an underestimation and inac- 
curate assessment of species diversity [ l6- 181. Fur- 
thermore, species analyses are time consuming and 
thus, for the detection of changes in community 
structures, alternative ‘community level’ approaches 
have been developed [7,19-261. One recently applied 
method was the assessment of the immediate carbon 
source utilization of whole environmental samples 
using commercially available microtiter plates with 
95 different carbon sources [27]. Metabolic finger- 
prints. generated by this method, made it possible to 
differentiate microbial communities extracted and 
enriched from different soil types [27,28] and even 
between non-precultured microbial communities as- 
sociated with different size fractions of agricultural 
soils [29] or rhizospheres from different plants 
[30,3 I]. Thus. metabolic fingerprints, as generated 
with the carbon source utilization assay. are a charac- 
teristic property of a soil and it can be conjected that 
they are associated with actual or potential microbial 
activities of a soil. 

The aim of this investigation was to determine 
whether the microtiter plate based carbon source 
utilization assay can be used to detect an impact of 
soil amendment with a genetically engineered mi- 
croorganism or its recombinant gene product. As 
model organisms we selected two strains of the soil 
bacterium Coywwbacterium glutamicum. a wild-type 
as a control and a genetically engineered strain, 
harbouring a recombinant plasmid which encoded 
the synthesis of the mammalian peptide, aprotinin. 
Aprotinin has a protease inhibiting activity [32]. As a 
target of the impact of both, C. glutamicum and 
aprotinin we selected the fraction of soil microorgan- 
isms which could be extracted within 30 min with a 
0.85% aqueous sodium chloride solution. 

2. Materials and methods 

2. I. Microorga~~isms and cultk~atior~ 

Copnebacterium glutamicum ATCC 13032 was 
selected as a host strain. The recombinant gene was a 
174 bp sequence encoding for the peptide aprotinin 
[32]. The gene was inserted into the multicloning site 
of plasmid pEK0 [33] resulting in plasmid pUNl (6.3 
kb). Constitutive expression of the gene was medi- 
ated by the tcrc-promoter and resulted in an intracel- 
lular production and accumulation of aprotinin (U. 
Ney, S.D. Feldmann and H. Sahm, persona1 commu- 
nication, 1992). From I I of a broth culture with an 
OD,,,o of 2.0, corresponding to approx. IO” cells, 64 
,ug aprotinin were detected after cell rupture (U. Ney 
et al., persona1 communication). Both C. glutumicum 
and C. glutamicum with pUN1 were obtained from 
H. Sahm (Jiilich, Germany). The strains were culti- 
vated in LB-medium ( 10 g of tryptone. 5 g of yeast 
extract, 10 g of NaCl and I g of glucose I- ’ of 
distilled water, pH 7.0) or onto LB-agar (LB medium 
with 1.2% agar) and for plasmid maintenance, sterile 
filtrated kanamycin solution (final concentration 100 
mg l-‘1 was added. The recombinant gene product. 
the peptide aprotinin (58 amino acids: purity > 95%) 
was a gift from Bayer AG (Wuppertal, Germany). 
The growth of soil suspension inocula on selected 
carbon sources in microtiter plate wells was moni- 
tored on minimal agar with Winogradski’s mineral 
salts [35] and 10 mM of the respective carbon sources 
(pH 7.2). The numbers of colonies (cfu) were deter- 
mined after 1 to 3 days incubation at 28°C. 

1.2. Carbon sm4tre utili;atiorl .rytem 

The Biolog GN’ microtiter plates (Biolog, Hay- 
worth, CA), which consisted of 95 substrate-contain- 
ing wells and one control well without substrate 
were selected as a standard system to monitor the 
carbon source utilization. As an indicator of oxida- 
tive metabolism, each well contained the redox dye, 
tetrazolium violet. Substrate, dye and nutrients are 
supplied in a dried-film form which can be reconsti- 
tuted upon addition of aqueous samples [36]. 

-3.3. Soil 

The soil was a phaeozem. collected in spring from 
the plough layer (Ap horizon) of a field near Helmst- 
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edt. Lower Saxony, Germany. It had the following 
properties: 8.0% sand, 72.2% silt mineral, 19.8% 
clay material, pH 7.1, 49.4% total water holding 
capacity (WHC), 1.97% total organic carbon, and 
0.195% total nitrogen. The soil was sieved (mesh 
size 2 mm) and stored at 4°C in the dark for up to 6 
months at IO-20% WHC. 

2.4. Soil treatmettts and incubations 

Experiments with inoculated C. glutumicum cells 

were conducted in 100 g portions of soil, which were 
placed into 250-m] polypropylene test tubes (Nalgene 
Company, Rochester, NJ). To study the effect of 
aprotinin addition. 5 g of soil were incubated in 
15ml polypropylene tubes (Falcon tubes, Becton 
Dickinson, NJ). Soil samples were preincubated at 
20°C overnight to adapt to room temperature. C. 
glutamicum pUNl and C. glutatnicutn (without plas- 
mid) cell suspensions were obtained from batch cul- 
tures grown to early stationary phase, which were 
centrifuged for 10 min at 5000 X g at 4°C washed 
and resuspended in sterile 0.85% NaCl aqueous solu- 
tion. Cell concentrations were determined microscog 
ically using Thoma counter chambers (depth 0.02 
mm> and diluted with 0.85% NaCl to the desired cell 
concentration. Cell suspensions of the respective C. 
glutumicum strains were applied dropwise onto the 
soil surface to yield a concentration of lOh cells g-’ 
dry soil and 50% saturation of the total WHC. Sterile 
filtrated aqueous aprotinin solutions were applied in 
the same way. Controls were adjusted to the same 
soil moisture by addition of 0.85% NaCl. Soil’sam- 
ples were incubated at 20°C in the dark and humidity 
was maintained by the addition of sterile water 
throughout the experiments. All experiments were 
done in triplicate. 

2.5. Detection of microorgntlisms 

Total heterotrophic microorganisms were deter- 
mined by inoculating soil dilutions onto plate count 
agar (PCA; Unipath Ltd., Basingstoke, UK). For this 
purpose 5 g of soil were suspended in 10 ml of a 
0.1% sodium hexametaphosphate solution, first by 
vortexing 3 times for 5 s at 2500 rpm (VF2, Janke & 
Kunkel, IKA Labortechnik. Staufen, Germany), then 
by incubating in an overhead shaker (Guwina-Hof- 
mann GmbH, Berlin. Germany) at 45 rpm and 4°C 

for 1 h. The obtained suspension was immediately 
diluted in 0.85% NaCl for further analysis. Survival 
of soil seeded C. glutcltt~icutn pUNl cells was moni- 
tored on LB agar containing kanamycin (final con- 
centration: 100 mg I -’ 1 and subsequent colony hy- 
bridization was carried out using the aprotinin gene 
as a probe. Colonies from agar plates, which were 
incubated for 3 to 5 days at 28°C. were transferred 
onto nylon membranes (Diagen. Diisseldorf, Ger- 
many) and lysed by lysozyme (6 mg per ml lysozyme 
in TE: 10 mM Tris and I mM EDTA, pH 8.0; 20 
min at 37°C) and SDS treatment (10% SDS for 10 
min at room temperature). Membranes were then 
incubated with a denaturing solution (I .5 M NaCl. 
0.5 M NaOH) for 20 min. After 10 min in neutraliza- 
tion solution (1.5 M NaCl, 0.5 M Tris, pH 8.0) the 
membranes were washed with 2 X SSC [37] and 
incubated in a dry oven at 120°C for 30 min to bind 
the DNA to the membranes. Hybridization was car- 
ried out with the aprotinin gene probe (174 bp). 
Construction and digoxigenin-labelling (Boehringer, 

Mannheim, Germany) of the probe and the hy- 
bridization procedure have been described elsewhere 
[38]. 

2.6. Soil extraction and microtiter plate itwculatiotl 

Microorganisms were extracted from 5 g of soil. 
For the experiments with C. glutcrmic~m~ and con- 
trols, aliquots were taken successively from the 100 
g soil samples, for the experiments with aprotinin the 
total amount of a test tube was extracted. The soil 
samples were suspended for 30 min at 4°C with 10 
ml of a sterile 0.85% NaCI at 45 t-pm in an overhead 
shaker. The soil slurry was sedimented for 1 h at 
4°C. If not otherwise stated, 4 ml were removed and 
diluted with 12 ml 0.85% NaCl. The effect of inocu- 
lation densities was tested by selecting different dilu- 
tions. More vigorous extraction procedures, e.g. with 
sodium hexametaphosphate (0.1%) and without a 
sedimentation step yielded 30-fold higher cfu nuti- 

bers from soil as determined on PCA after 3 d at 
28°C. This latter extraction procedure, however, was 
not applicable for the microtiter plate assay because 
of the strong colorization and occurrence of particles 
in the suspensions. Thus, we restricted the assay to 
an easily extractable fraction of the soil microbial 
community. 
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Table 2 

Effect of inoculation density of microbial cells extracted from soil 

on the number of oxidized substrates in microtiter plates after ‘71 h 

of incubation 

Amount of extracted soil 

per well (mg) 

0.1 

I.3 
13.3 

26.5 

Number of oxidized 

substrates ,’ (S.D.) 

17 (4) 

‘2 (6) 

52 (2) 

51 (3) 

“ After data transformation using the average colour development 

method (see Materials and methods). 

the overall activity observed on each plate. A linear 
correlation between substrates with positive ab- 
sorbance values and substrates scored as ‘utilized’ 
was observed with microtiter plates which had less 
than 85 substrates with positive absorbance values. 
This correlation was not observed on microtiter plates 
with 8.5 and more substrates with positive ab- 
sorbance values (Fig. 2B). Therefore, the data trans- 
formation to identify the ‘utilized’ substrates was 
particularly important when high overall activities 

occurred. 
Growth of microbial populations of selected sub- 

strate wells was monitored by taking samples from 
each well immediately after microtiter plate inocula- 
tion and 24 h later. The samples were cultivated onto 
minimal agar which contained the respective sub- 
strate where they had been incubated in as a sole 
carbon source. From all I2 substrates tested. micro- 
bial populations could be recovered. Initial popula- 
tions varied from I .6 X IO” to 4.7 X IO5 cfu g-’ 
soil depending on the carbon source (Table I). Dou- 
bling times ranged from 1.96 h for growth with 
sucrose to 3.23 h for growth with cu-keto butyric 
acid. Formazan formation in the substrate wells did 
neither depend on the initial cell concentration (r’ = 
0.13) nor on the growth rate (r2 = 0.16). Utilization 
of a-keto butyric acid was not indicated by an 
increase m the OD,,, at all. The growth rate in this 
case, however, was much slower than observed with 
the other substrates (Table I). Data transformation 
resulted in a negative score for this substrate. The 
optimum amount of extracted soil for the standard 
assay was derived from 13 mg of soil (Table 2). 
Lower concentrations resulted in less substrates uti- 
lized but a two-fold increase did not alter the total 
amount of utilized substrates. The 50 most frequently 
utilized substrates by the soil suspensions consisted 

Table 3 

Carbon source utilization of microbial communities extracted from the non-amended phaeozem soil as determined after average colour 

development data transformation (see Materials and methods) 

Carbohydratea Carboxylic acids Amino acids 

Tween 40 civ-aconitic acid 

Tween 80 citric acid 

N-acetyl-wglucosamine o-galactonic acid lactone 

L-arabinose Bgalacturonic acid 

Pfructose rrgluconic acid 

rrgalactose D-glucuronic acid 

cu.Bglucose P-hydroxybutyric acid 

rn-inositol y-hydroxybutyric acid 

o-mannitol IT-hydroxy phenylacetic acid 

maltose itaconic acid 

Pmannose wketoglutaric acid 

msorbitol 

sucrose 

o-trehalose 
methyl pyruvate 

oklactic acid 

malonic acid 

quinic acid 
sebacic acid 

succinic acid 

Bsaccharic acid 

succinamic acid 

rsalanine 

L-alanine 

kasparagine 

I.-aspartic acid 
L-glutamic acid 

L-histidine 

hydroxy L-proline 

L-proline 
L-pyroglutamic acid 

L-serine 
y-amino butyric acid 

Other carbon sources 
urocanic acid 

inosine 

I-amino-ethanol 
phenyl ethylamine 

putrescine 

glycerol 
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of 15 carbohydrates, 11 amino acids, 18 carboxylic 
acids, and 6 substrates from other chemical groups 

(Table 3). 

3.2. Carbon source utilization by pure culture cells 
qf Coqnebacterium glutamicum strains 

To determine whether the soil inoculated cells of 
C. glutamicum potentially would affect the substrate 
utilization pattern under standard conditions. washed 
cells of overnight-grown pure cultures were inocu- 
lated in IO-fold dilutions into the standard microtiter 
plates. At least lo7 cells of C. glutumicum had to be 
present per well to obtain a consistent pattern of 
oxidized substrates after 24 h of microtiter plate 
incubation. A total of 29 (& 3) substrates was uti- 
lized (data not shown). The presence of the recombi- 
nant plasmid PUN 1 did not alter the substrate utiliza- 
tion pattern. C. glutamicum cells metabolized 12 
substrates, which were not utilized by the extracted 
soil suspensions (data not shown). 

3.3. Efect qf soil inoculation with C. glutamicum 

Both. C. glutamicum without and with plasmid 
pUN1 were inoculated into non-sterile soil samples 
at an initial density of lo6 cfu g - ’ . The number of 
C. glutamicum pUN1, which could be detected 
specifically among the soil bacteria with the apro- 
tinin gene probe after colony hybridization, de- 
creased to 10’ cfu g- ’ during a 15 week incubation 
period. The consistent number of culturable, het- 
erotrophic bacteria (1 O7 cfu gP ’ ) indicated that the 
decrease of C. glutamicurn was strain specific (Fig. 
3A). Immediately after soil inoculation with both C. 
glutamicum strains, the number of utilized substrates 
decreased to 27. As expected, no additional utilized 
substrates as a result of the metabolic activity of the 
inoculated C. glutamicum cells could be detected. 
When the cell numbers of C. glutamicum pUN1 had 
decreased to lo5 cfu g-’ after 7 weeks, no differ- 
ences could be observed between inoculated and not 
inoculated soil. Both C. glutamicum strains caused 
the same transient reduction of utilized substrates by 
the soil suspensions. The evenness of the substrates 
contributing to the overall activity was in the range 
of 0.92 to 0.95 and was not significantly different 

A. 

0 2 4 6 8 10 12 14 

Time (weeks) 

B. 
1.4, 

l.O- 

1 
0.8- 

0.61 

i 

0.2-1 

O-2 4 6 8 10 12 14 

Time (weeks) 

Fig. 3. Effect of soil inoculation with C. ~lutcrmicum wild-type 

and with plasmid pUN1 on sole carbon source utilization by soil 

extracted suspensions of microorganisms. A. cfu (dotted lines) of 

heterotrophic soil microorganisms (+) and of inoculated C. gllc- 

tarnicum pUNl (x); number of substrates utilized by soil suspen- 

sions from a non inoculated control (0) and soil inoculated with 

C. glukxnicunz wild-type (0) and C. glutumicrrw pUN I ( * ). B. 

Effect of the soil inoculations on the utilization of different groups 

of substrates (number of utilized substrates of an amended 

soil/number of substrates of non-inoculated control soil). Sub- 

strate groups were carbohydrates (circles), amino acids (triangles) 

and carboxylic acids (squares). Filled symbols display data from 

soil inoculated with C. ~luramicunz pUN1, empty symbols display 

data from soil inoculated with C. glurumiccorz wild-type. 

between unincoluated controls and soil samples inoc- 
ulated with C. glutamicum or C. glutamicum pUN 1. 

To determine whether the degradation of sub- 
strates from different chemical groups 
(carbohydrates, amino acids and carboxylic acids) 
was specifically affected by the soil amendments, the 
ratios between utilized substrates of the amended soil 
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and utilized substrates of the control soil were calcu- 
lated. The results indicated that immediately after 
inoculation less substrates of all groups were metab- 
olized (Fig. 3B). However, all substrate groups re- 
turned to the number of utilized substrates of the 
control. For amino acids the inhibition lasted less 
than 1 week, for organic acids I week and for 
carbohydrates 3 weeks, respectively. The physiologi- 
cal responses between soil inoculated with wild-type 
C. gl~arnic~?z and C. gl~ltarnic~n pUNl were iden- 
tical. 

3.4. E#ect of the recnmbirzarlt gene product, apro- 
tinirl 

Soil was amended with two concentrations of 
aprotinin (0.1 and 10 mg gg ’ ). Total heterotrophi- 
tally cultured soil bacteria remained constant at 4 X 
10’ cfu g-1 in the control soil and in the soil 
amended with the lower concentration of aprotinin. 
Amendment with 10 mg aprotinin g-’ soil resulted 
in a biomass increase to 6 X 10’ cfu gg ’ after 1 
week of incubation. Aprotinin addition increased in a 
concentration dependent manner the number of im- 
mediately utilized substrates (Fig. 4A). The effects 
were most pronounced at the second measurement, 2 
days after the soil amendment and remained signifi- 
cant above the control for 7 days with the lower and 
for 14 days with the higher concentration of apro- 
tinin. The substrate evenness was not significantly 
affected. Each substrate group reacted specifically to 
the aprotinin amendment. The lower aprotinin 
amendment increased the number of carbohydrates 
and, to a lesser extent, the organic acids being 
utilized. However, compared to the control soil, less 
amino acids were metabolized (Fig. 4B). The num- 

Fig. 4. Effect of aprotinin additions to soil on the heterotrophic 
boil microorganisms (cf’u) and the immediate substrate utilization 

by soil extracted suaprnsions of microorganisms. A. Total number 
of substrates utilized by extracts from an untreated soil (c) and a 

soil amended with 0.1 mg aprotinin/g soil (v) and 10 mg 

aprotinin/g soil (A L respectively. Heterotrophic soil microorgan- 
isms (cfu) of each treatment are shown with the respective sym- 

bols and dotted lines. Effecta of 0.1 mg aprotinin/p soil (B) and 

IO me/g soil (C) on the utilization of the number of substrates 

from different groups (0. carboydrates: A, amino acids: n . 

carboxylic acids). 

ber of carbohydrates that were utilized by the soil 
suspension from the high aprotinin amendment were 
more than two-fold above the control (Fig. 4C). The 
effect on organic acid utilization was similar to the 
low amendment. In contrast to the low aprotinin 
amendment. the number of amino acids also in- 

B. 

C. 
2.8- 

0 
-v---m- 

7 14 21 28 

Time (days) 
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creased compared to the control, but this effect only 
occurred immediately after the amendment. 

4. Discussion 

The microtiter plate system used in this study 
(BiologGN’ > is based on the detection of carbon 
source utilization by reduction of the dye tetrazolium 
violet to formazan through respiratory activity 
[36,39]. With the substrate cu-keto butyric acid we 
were able to detect growth, even though no formazan 
formation was measured. This could be a result of 
non-oxidative utilization or utilization of the sub- 
strate at a very low rate. 

The intention of this investigation was to use the 
microtiter plate based carbon source utilization sys- 
tem for monitoring effects of soil amendments with 
bacteria or a recombinant gene product on the soil 
microbial community. The quantitative extraction of 
metabolically intact microorganisms from soil in- 
volves time consuming isolation and purification 
steps [40-431. Our approach was to develop a rapid 
detection assay and thus. we selected a simple ex- 
traction protocol. With this procedure we only ex- 
tracted a fraction of the total microbial community, 
probably those organisms. which were not or only 
loosely associated with soil particles. Other Bio- 
1ogGN’ applications have also selected fractions of 
the total microbial community, such as those associ- 
ated with different soil particle sizes [29] or the 
rhizosphere of different plants [30,3 I]. 

In order to identify the main substrates which 
contributed to the overall activity of a soil sample we 
selected a threshold value which depended on the 
overall activity and the substrate richness. There was 
only a weak correlation between the total microtiter 
plate absorbances (overall activities) and substrates 
with positive absorbance values (r’ = 0.56). How- 
ever, the correlation between total microtiter plate 
absorbances and utilized substrates, as determined on 
the basis of the above mentioned threshold value, 
was much higher (r’ = 0.80). An increase in the 
number of substrates scored as utilized was therefore 
indicative for an increase in the overall activity. Vice 
versa, a decrease in the number of utilized substrates 
was a result of a negative impact on the substrate 
degradation activity. The substrate evenness was not 

affected by the different treatments (aprotinin sup- 
plementation of C. glutumicum inoculation). This 
was a precondition to apply the threshold calculation 
used in this investigation. Evenness values in the 
same numerical range (above 0.9) were found in 
other investigations for microbial communities ex- 
tracted from different soils and analyzed with a 
microtiter plate based substrate utilization assay [28]. 

The utilization of a carbon source by microorgan- 
isms generally serves both, cell maintenance 
metabolism and growth [44]. A prerequisite for the 
applicability of the carbon utilization assay for our 
purposes was that the observed activities actually 
reflected an in situ status of the soil microbial com- 
munity or at least a reproducible part of it. An 
enrichment procedure prior to the inoculation of the 
microtiter plates as described by Garland and Mills 
[27] therefore was excluded. The incubation period 
of 24 h was found to be long enough to generate 
characteristic patterns of utilized substrates (85% of 
the substrates recorded after 120 h) but could not 
exclude enrichment effects by 7 to 12 cell division 
cycles. Obviously, fast growing soil bacteria mainly 
contributed to the substrate utilization pattern ob- 
served. For further applications of the substrate uti- 
lization assay it would be desirable to reduce the 
growth. Alternatively to the incubation conditions in 
our investigation, the microtiter plates may be incu- 
bated for a longer period of time at a lower tempera- 
ture, e.g. 3 days at 15”C, as described by Winding 
[29]. Additionally, kinetic analysis on the rate of 
formazan formation may help in the future to distin- 
guish between the immediate metabolic response and 
enrichment effects. 

The presence of C. glutamicum in concentrations 
of up to 1Oh cells g- ’ of soil did not result in 
additional substrates utilized by the extracted soil 
suspension. Each substrate well of a soil suspension 
inoculated microtiter plate received approx. 10’ cfu 
of soil microorganisms. This amount of pure culture 
C. gluta~nicu~t cells did not result in a significant 
utilization of substrates after 24 h of incubation. 
Higher cell concentrations by at least one order of 
magnitude were necessary. Thus, the extracted soil 
microflora was more active in this assay than the 
pure culture grown cells of C. glutumicum. In other 
investigations with pure cultures and a microtiter 
plate based assay with aromatic compounds as car- 
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bon sources it was shown that 10’ to lo* cells per 
well were necessary to produce formazan [45]. 

The addition of high numbers of microbial cells to 

soil, e.g. lo6 g-‘. generally results in a strain- or 
species-specific, mostly rapid decline of the intro- 
duced population [46-481. The inoculated C. glutam- 
icum population decreased from 10h cfu g soil to 
lo5 cfu gg’ soil within 7 weeks and to approx. 10’ 
within 15 weeks (Fig. 3Al. A repression of substrate 
utilization, especially of carbohydrates, by the ex- 
tracted soil microorganisms was only detectable at 
the beginning of the experiment, when the concentra- 
tion of the inoculated bacteria was above 10” g- ’ A 
similar, only transient, perturbation was observed 
when the diversity of indigenous soil bacteria was 
assessed in response to the soil inoculation with 
Pseudomonas ,fluorescens [49]. 

A complete lysis of inoculated C. gbtamicum 
pUN1 cells would result in a total release of 64 pg 
aprotinin/g of soil, as estimated by intracellular 
production rates determined under batch culture con- 
ditions (see Materials and methods). The directly 
supplied aprotinin additions to soil were several or- 
ders of a magnitude above this concentration in order 
to observe effects and to take a ‘worst case’ ap- 
proach into account. The reported protease inhibiting 
activity of aprotinin, as determined with eukaryotic 
enzymes by Fritz and Wunderer [32] did not exhibit 
any negative effect as determined by total cfu of 
heterotrophically cultured soil microorganisms or 
immediately utilized carbon sources (Fig. 4B.C). 
Only a slight repression of the number of amino 
acids being utilized was observed immediately after 
the soil amendment. In general, the alterations of the 
immediately metabolized substrates after the addition 
of aprotinin to soil can be interpreted by the intro- 
duction of a combined carbon-nitrogen source. The 
source could be utilized for growth as indicated by 
an increase in biomass (cfu) in soils amended with 
10 mg aprotinin g-‘. The maximum stimulation 
recorded with the Biolog system was found at day 2 
after the treatment and, thus, proceeded the increase 
in biomass. Therefore we interpret the stimulation as 
an immediate metabolic response. The fact that the 
utilization of carbohydrates and. to a lesser extent. 
organic acids was stimulated indicates that the 
metabolism of the microorganisms was limited by 
nitrogen in the control soil. However, the C/N ratio 

of 10: 1 in the control soil indicated that the soil 
microflora was in a relatively balanced status of 
carbon and nitrogen starvation. In contrast to apro- 
tinin amendments, C. g/~&wzicunz amendments 
caused a repression of carbon source utilization. This 
suggests that the inoculated bacteria did not serve the 
soil microflora as easily accessible nutrient sources. 

The differentiation of substrates into three main 
groups according to their chemical nature led to 
significant differences in terms of response to both 
treatments. inoculation with C. glutamicum or 
amendment with aprotinin. The effects were oppo- 
site: an decreasing number of substrates utilized due 
to inoculation and an increasing number as a result 
of aprotinin additions. In both cases, repression by 
C. ghtarnicum inoculation and stimulation with 
aprotinin, carbohydrates were most reactive, fol- 
lowed by organic acids and amino acids. Zak et al. 
reported that carbohydrates contributed mostly to the 
overall activity observed on soil suspension inocu- 
lated BiologGN ” plates [28]. 

Our data confirm that characteristic community 
level based metabolic fingerprints can be obtained 
from soil samples using the BiologGN” microtiter 
plate carbon source utilization assay [27-291. Other 
commercially available microtiter plate systems may 
also serve for this purpose [50]. Our data support the 
view that not only a community level differentiation 
between samples but also functional information 
about the soil microbial community can be obtained 
with a carbon source utilization assay [28,5l]. The 
results of our investigation demonstrate that the mea- 
surement of the immediate substrate utilization can 
be applied to detect alterations in the soil microtlora 
as a response to the inoculation with Co~~rebnc- 
terium glutcrmicwn or the addition of a peptide at 
different concentrations. The fact that transient ef- 
fects were observed indicates that information about 
the metabolic plasticity of the soil microflora can be 
obtained. The ecological importance of alterations in 
the immediate substrate utilization, as they were 
observed in this investigation, however, still remains 
to be determined. 
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