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Linking microbial genetic- and functional diversity in compost: DGGE-profiling separated different types of compost regarding chitinase activity

Abstract

Using denaturing gradient gel electrophoresis (DGGE) and simultaneously measure the enzymatic activity of chitinase, we could link genetic and functional diversity of the indigenous microbial communities in compost samples. Two types of compost, a garden/park waste compost (D-Gro A) and a source separated organic household waste compost (Biovækst), showed different genetic diversity as measured by PCR-DGGE of total DNA extracted from the composts. The composts also had different chitinase activity, 0.46 and 3.97 µmole 4MU/hour x g dry matter for the D-Gro A and Biovækst composts, respectively. To increase chitinase activity the two composts were amended with chitin. This addition induced a change in both the bacterial and fungal genetic diversity when compared to the non-amended compost samples. Likewise, both composts reacted to the addition of chitin with an increase in chitinase activity (p<0.05). Thus, a relationship between genetic and functional diversity was established for the composts in question. The N-mineralization in the household waste compost was apparently increased by the addition of chitin, while such an effect was not observed in the garden/park waste compost.

1. Introduction

(De to første afsnit er skrevet så meget om, at jeg ikke har benyttet rettefunktionen)Linking genetic- and functional diversity of microbial populations in compost is important to achieve a better general understanding of the composting process (Haruta et al., 2005), and it could eventually become a tool to predict the quality of compost from the genetic make-up of the microbial populations present in it. Especially, when making "functional compost" (we use this term to describe compost that is designed to have a specific beneficiary effect, e.g. the suppression of a fungal plant disease) it would be important to know that the microorganisms capable of the desired effect are present in the compost.

In the present investigation, we looked into the relationship between the genetic diversity of microbial populations in compost and the enzymatic activity of chitinase. This is based on the fact that even though the suppressive effects by composts on different plant pathogens are well documented (e.g., Hoiting et al., 2001) in most cases the actual mechanisms by which this happens are unknown, but it has been suggested that chitinase activity may play a role by causing lysis of pathogenic fungi (Labrie et al., 2001; Boulter et al., 2000). We, therefore, tried to induce chitinase activity by supplementing two types of compost (household waste- and park waste compost) with chitin and measured the chitinase activity using a very sensitive fluorogenic substrate that previously has been used to detect enzyme activity in soils (e.g. Marx et al., 2001). To link the functional diversity of the microbial populations in the composts - expressed as chitinase activity - to the genetic diversity, we employed denaturing gradient gel electrophoresis (DGGE). Because chitin has high nitrogen content (6.8 % by weight) and as a consequence may influence nitrogen dynamics, we also measured different nitrogen compounds in the compost.

Using this technique, it is possible to separate PCR amplified fragments by the base composition of the fragments (Fischer and Lerman). This technique has been used to study community changes and complexity mostly in sediments and soils (Muyzer and Smalla), by using DNA fragments isolated directly from these environments. Originally, application of DGGE with environmental samples was used to analyze the genetic diversity of bacterial populations (Muyzer, de Waal, and Uitterlinden), but recently DGGE has been developed to also include the study of fungal communities (e.g. (Anderson, Campbell, and Prosser;van Elsas et al.;Vainio and Hantula). Regarding compost, DGGE has been used to monitor succession in the bacterial community during the maturation of compost (Ishii, Fukui, and Takii;Pedro et al.). The use of DGGE to analyse fungal communities in compost is only in its beginning (Cahyani et al.;Marshall et al.), and the compost types in their studies differs from the two types used in our investigation.

Consequently, to link genetic and functional diversity in compost, we made bacterial and fungal DGGE-profiles of different types of compost and compared them to the chitinase activity and in this way, we were able to distinguish different microbial communities that corresponded with differences in chitinase activity.

2. Methods

2.1. Compost types

The compost used in the present study was produced by a commercial composting company (Solum A/S, Denmark). The two main types of compost were garden/park waste compost (D-Gro A) and source separated organic household waste compost (Biovækst). Samples of mature D-Gro A and Biovækst composts (6 and 3 month old, respectively) were amended with 0.05 % (wet weight) chitin (ref.) and left in windrows of approx. 5 m3 for one month resulting in four different treatments: D-Gro A control (without chitin), D-Gro A+chitin, Biovækst control (without chitin) and Biovækst+chitin. The nitrogen supplemented as chitin corresponded to approximately 50 g/ton dry matter of compost. Prior to analysis in the laboratory the four composts were sorted and impurities and pieces of wood-material removed. Two 20 g samples from each compost type were used for dry matter- and pH determination. From each compost type, five replicate samples (I-V) were taken. Each weighed approximately 15 g. DNA isolation was performed immediately, while the rest of the samples were frozen (-20°C) for later chitin activity analysis. 

2.2 DNA isolation and PCR

DNA was isolated from the compost samples using the FastDNA® Spin Kit for Soil (Qbiogene). Isolation was performed on 0.4g compost by following the manufactures instructions. DNA was isolated from replica I, II and III from each of the four composts. Microbial diversity of the samples was determined by use of PCR-DGGE. Bacterial DNA was amplified using the universal bacterial primers 341f+GC and 518r (Muyzer, de Waal, and Uitterlinden), which amplifies a 233 bp fragment of 16S rDNA, including a 40 bp GC-clamp. PCR was performed using 2.5µl 10x Ex Taq buffer (20mM Mg2+, TaKaRa, Japan), 2µl 2.5mM dNTP mixture, 0.25µl 5 units/µl Ex Taq polymerase (TaKaRa), 0.175µl of each primer (100 pmol/µl) (MWG-Biotech AG, Ebersberg, Germany), 1µl diluted template and H2O to a total of 25µl. PCR was performed with a T3Thermocycler (Biometra®) using the following cycle conditions: an initial denaturation at 94°C for 3 min, followed by 30 cycles of denaturation at 94°C for 30 sec, annealing at 55°C for 30 sec and elongation at 72°C for 30 sec, and then a final elongation step at 72°C for 6 min. Fungal DNA was amplified using a semi-nested approach (Oros-Sichler, accepted for publication in Journal of Microbiological Methods), where primers NS1 (White et al.) and EF3 (Smit et al.) amplifies part of 18S rDNA in a first PCR, and this product is then used as template in a second PCR applying primers NS1 and FR1-GC (Vainio and Hantula). The end product is an approximately 1650 bp fragment with an added GC-clamp suitable for DGGE. PCR constituents were as described for bacterial PCR except the use of the different primers. Cycle conditions in the first fungal PCR were as follows: an initial denaturation step at 94°C for 8 min, followed by 25 cycles of denaturation at 94°C for 30 sec, annealing at 47°C for 45 sec and elongation at 72°C for 3 min and a final elongation step at 72°C for 10 min. The cycle conditions of the second fungal PCR was like the first fungal PCR, with the exception that it consisted of only 20 cycles and that the annealing temperature was 48°C. The products from the bacterial and fungal PCR reactions were verified by agarose gel electrophoresis. The amount of DNA in each sample was estimated by image analysis using GeneTools (SynGene) on digital images of the agarose gels obtained with GeneSnap (SynGene). This was done to ensure that equal amounts of DNA from the samples were loaded onto the DGGE gel. 

2.3. DGGE analysis

DGGE was performed using the D-GENE System (Bio-Rad) DGGE equipment. Equal amounts of DNA were loaded onto 7.5% (w/v) polyacrylamide gels (40% acrylamide/bis solution, 37.5:1, Bio-Rad) with denaturing gradients ranging from 40-65% for the bacterial DNA and 17.5-38% for the fungal DNA. The denaturing gradients were produced with 100% solution containing 7 M urea and 40% deionised formamide. The gel with bacterial DNA was run at 60°C for 17 h at 70 V, while the gel with fungal DNA was run for 20 h at 110 V, also at 60°C. After electrophoresis, the gels were stained with SYBR® Gold nucleic acid gel stain (1:10,000 dilution in TAE buffer) (Molecular Probes) in darkness for 1 h. Digital images of the gels were obtained and analysed using image analysis (Quantity One 4.0.1, Bio-Rad). The relative intensity of a specific band was expressed as the ratio between the intensity of that band and the total intensity of all bands in that lane.

Principal component analysis (PCA) was performed using The Unscrambler (Version 8.0, Camo). The relative data of the DNA bands from the bacterial and fungal communities were analysed to detect grouping patterns among the composts.

2.4. Chitinase activity

The fluorogenic substrate 4-Methylumbelliferyl-N-acetyl-(-D-glucosaminide (Sigma Chemical Co.) was used for the quantification of (-N-acetylglucosaminidase (EC 3.2.1.30) activity, i.e., chitinase activity. The activity was measured in replicate samples I-V from each of the composts, giving at total of 20 samples. Each sample was prepared by supplementing 2 g (wet weight) compost with 100 ml 50 mM Tris-malate buffer (pH 5). The suspension was homogenised using an Ultra-Thurrax mixer (ref.), 3 x 10 sec. on highest velocity. The condition for the enzyme-assay was as follows: To 825 µl of sample solution was added 175 µl 5 mM chitinase substrate in Tris-maleate buffer. The resulting substrate concentration was 875 µM. To each of the replicate compost samples was made one quenching sample of 875 µl without addition of substrate. After 1 h incubation at room temperature with shaking (200 rpm) 175 µl 5 mM substrate were added to the quenching samples and all samples were supplemented with 1000 µl of 96 % ethanol to terminate the assay. The samples were centrifuged for 2 min. at 13,000 g and 60 µl of D-Gro A and 10 µL of Biovækst compost solution were supplemented with 240 µl and 290 µl, respectively, of a solution of 45 % 50 mM Tris-maleate buffer (pH 5), 45 % 2.5 M Tris buffer (pH 10) and 10 % of 96 % ethanol. The chitinase activity detected as fluorescence from liberated 4-Methylumbelliferone (4MU) was measured using a fluorometer with micro-titre plate reader (FLUOROStar, ref.) at 377 nm excitation and 446 nm emission and expressed as µmole 4MU liberated per hour per g (dry weight) of compost. To correct for quenching, standard curves from 4MU (Sigma Chemical Co.) were made by standard addition to the quenching samples.

2.5. Nitrogen content in compost samples

(Dette afsnit skal rettes; jeg skal nok finde de korrekte referencer)The nitrogen content in compost samples was determined by an accredited chemical lab, Steins Laboratorium A/S, 6650 Brørup, Denmark using method NF1975:6 for total N and the method described in the Danish EPA´s Environmental project no. 470 for ammonia/ammonium and nitrate-N.

3. Results

3.1 DGGE

The bacterial community of the Biovækst compost was clearly separated from the D-Gro A compost along the first axis. For both types of compost, the part of the compost which had been amended with chitin, was separated from the control compost, mostly by the second axis. The fungal communities of the two types of compost were also separated by the first axis, however, not as much as for the bacterial community. For both Biovækst and D-Gro A, the samples amended with chitin was separated from the control compost (without chitin), by both the first and second axis.  

The first principal component explained more than the second principal component, indicating greater difference between samples along this axis. This was true for both the bacterial and the fungal samples. 

The three replica samples from each of the four compost tgreatments grouped nicely together, except for the bacterial diversity for the D-Gro A+chitin. In general this indicates homogeneity of each of the composts. The variance of the bacterial diversity in the D-Gro A+chitin is unexplained. Visually it can be attributed to two bands which are dominating in the lanes of the three replicates, but with different intensity in the replica samples (data not shown).
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Fig. 1. PCA ordination of bacterial (A) and fungal (B) diversity obtained by PCR-DGGE analysis of two different types of compost with and without addition of chitin. The percentage of the total variation explained by each axis is given (in parenthesis).

3.2 Chitinase activity and nitrogen content
The chitinase activity and nitrogen contents of the four different compost treatments are shown in Table 1. The garden/park waste based compost (D-Gro A) had much lower chitinase activity than the compost made of organic household waste (Biovækst), but for both D-Gro A and Biovækst the chitin supplemented composts had significantly higher chitinase activity than the controls (n=5, p<0.05). The total nitrogen content was more than twice as high in the Biovækst composts compared to the D-Gro A composts, and ammonia/ammonium-N as well as nitrate content was also much higher in the composts based on household waste. The chitin treatment did not influence the nitrogen speciation in the garden/park composts. In contrast, the ammonia/ammonium content was more than five times higher in the organic household waste compost supplemented with chitin than in the control.
Table 1. Chitinase activity and nitrogen content of the four composts

	Type of compost
	
	N-content

(kg/ton of dry matter)


	
	Chitinase activity

(µmole 4MU/hour x g dry matter)


	Total N
	NH4+/NH3-N
	NO3- -N

	
	
	
	
	

	D-Gro A control


	0.46
	9.6
	0.002
	0.225

	D-Gro A +chitin


	0.76
	9.7
	0.002
	0.191

	Biovækst control


	3.97
	20
	0.162
	0.423

	Biovækst +chitin
	5.83
	20
	0.852
	0.363

	
	
	
	
	


4. Discussion

The aim of this study was to see if it was possible to induce chitinase activity in compost and to see if this increased activity was coupled to a shift in the microbial community and thereby obtain knowledge on whether chitinase activity in compost is mostly dependant on specific species or not, and the respective significance of bacteria and fungi.  

The PCA of the DGGE profiling showed, that the two types of compost were inhabited by different microbial communities. This was true for both bacteria and fungi. This seems reasonable as the two composts were derived from very different material. The microbial community in both composts reacted to the chitin amendment by a change in community composition. Changes in the bacterial population was also found in a soil study using buried litter bags containing chitin (Krsek and Wellington).

Chitinase activity was much higher in the household waste compost than in the garden/park compost. Chitinase genes can be found in a range of bacteria, in particular actinomycetes, in fungi, but also in viruses and plants (Krsek and Wellington). These organisms are apparently present and active to a larger extent in the household waste compost compost. 

The addition of chitin apparently affected the brutto N-mineralization in the household compost. This was observed as a much higher ammonia/ammonium content in Biovækst+chitin than the amount of N which was added as chitin when comparing with the Biovækst control. This indicates an effect on the microbial population leading to faster mineralization of nitrogen. A change in microbial population was seen for both bacteria and fungi and for both composts, while change in ammonia/ammonium content was only seen in the household compost. Apparently, the different microbial communities which inhabit the composts reacted differently to chitin addition, which was supported by the genetic results.

In addition to linking the actual chitinase activity to DGGE-profiles, it would be of value to be able to predict the potential chitinase activity of the microbial populations in compost samples. In this case, the presence of a microbial population associated with high chitinase activity in a particular compost, could indicate that addition of chitin could induce enhanced chitinase activity. Our results showed that for both bacteria and fungi, some spices, given by the bands on DGGE gels, appeared in the composts with added chitin, while others disappeared, when comparing with the control composts (data not shown). This clearly indicates that the addition of chitin promotes growth of some spices and not others. An identification of the species with induced growth could provide information on whether a compost has a potential to benefit from chitin addition, but this would require sequencing of the bands of interest from the gels. 
Several chitinase genes exist and it is known that many bacteria have more than one chitinase (Metcalfe et al.). Future research would include a closer investigation of the genetic diversity of the functional genes responsible for the chitinase activity which are present in the microbial community of composts. 
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