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Chapter IX 

 

 

General discussion, concluding remarks and  

future perspectives 
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In this chapter, the achievements of this study are discussed and placed in the 

context of what was already known as well as the perspectives for future work. We 

repeatedly argued that chitin is an important biopolymer which is produced naturally in 

enormous amounts every year. It is also readily recycled, and microorganisms, among 

which bacteria, are the most active degraders (Gooday, 1990a,b). The chitinolytic process 

implies the synergistic participation of multiple enzymes and carbohydrate-binding 

modules (Aranates & Saddler, 2010; Hoell et al., 2010). There is an increasing number of 

reports on the abundance and  role of chitin-degrading organisms and enzymes in soil and 

aquatic habitats (Beier et al., 2011; Beier & Bertilsson, 2013; Kielak et al., 2013; Hjort et 

al., 2010; Howard et al., 2003; Manucharova et al., 2006; Williamson et al., 2000). In the 

context of a fungal infection, chitinases are secreted by the eukaryotic hosts as part of the 

pathogenesis-related proteins (Legrand et al., 1987; Vega & Kalkum, 2012) and are 

actively involved in inciting an immune response. Chitinases are also reported as molecular 

markers used in the evaluation of different human pathologies such as tumor angiogenesis 

and tissue-remodeling responses (Lee et al., 2011).   

Assessment of chitinolysis has become important since the production and use of 

chitinous materials has increased in different applied areas, from agriculture to 

biomedicine. Counts of chitinolytic bacteria on chitin agar plates have shown a diversity of 

chitinase producing organisms. Numerous studies have thus reported on the 

characterization of bacterial isolates with chitinolytic potential (Gooday, 1990a,b; De Boer 

et al., 1999; Beier & Bertilsson, 2013; Manucharova et al., 2007; Metcalfe et al., 2002a,b). 

On the basis of such cultivation approaches, several bacterial groups have been put forward 

as drivers of chitinolysis, such as (members of) Streptomyces, Arthrobacter, Bacillus and 

Serratia. However, the phenomenon of the great plate anomaly (Staley & Konopka, 1985) 

implies that we possibly observe only a fraction of the chitinolytic potential in nature if 

solely on the basis of cultivation approaches. In addition, the rates of chitin degradation in 

natural systems have been measured and variation has been found in geographically close 

sites in both terrestrial and aquatic systems (Beier et al., 2011; Manucharova et al., 2006; 

Metcalfe et al., 2002a,b). However, such diverse responses have not often been correlated 

with the types of chitinolytic organisms present. 

To overcome the great plate count anomaly, direct molecular approaches have 

been increasingly used lately. Such approaches are commonly based on microbial 

community DNA or RNA which is directly extracted from an environmental habitat. In 

particular, the application of PCR-based systems targeting one key gene involved in 

chitinolysis, i.e. the family-18 chiA gene (Metcalfe et al., 2002a,b; Williamson et al., 2000) 

in soils and  from aquatic (LeCleir et al., 2004) and hot spring habitats (Hobel et al., 2003) 

has shown that the range of chitinolytic organisms / enzymes is higher than can be 

estimated on chitin agar plates. 

In the light of the foregoing, the central idea of the work presented in this thesis 

was to determine the diversity and abundance of bacterial chitinases in different 
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environments and to make use of this diversity for finding new chitinolytic 

genes/organisms. In order to enhance the chances of finding genetic “novelty” in 

chitinolytic enzymes, a metagenomics approach was used to address both aims, i.e. to 

promote our understanding of the ecology of chitin degradation and to find novel enzymes 

with biotechnological potential. Screening of well-described and underexplored selected 

natural habitats for the presence of the chiA gene was performed using protocols that had 

been previously established, as well as direct next generation sequencing. Enzymatic and 

genetic analyses indicated a chitin-amended (plant disease suppressive) field soil as an 

optimal habitat for metagenomics mining. Thus, a fosmid-based library was constructed 

and screened for fosmids containing promising chiA-like sequences. Identification of 

fosmid clones bearing genomic fragments with chiA-like chitinase genes and prediction of 

putative donor organisms offered a new perspective for further exploration of these 

building blocks of chitinolysis. The value of the use of such metagenomics tools together 

with theoretical and practical challenges is also discussed.   

 

Do local habitat conditions shape bacterial chitinolytic communities? 

Previous studies have indicated that microbial communities in most environmental 

habitats are influenced by local factors like nutrient availability, pH, water content, 

temperature and salt concentration. Additionally, for soil, crop management and for aquatic 

systems, contaminants from toxic waste can be mentioned. Hence, the hypothesis can be 

brought forward that chitinolysis is a process which is influenced not only by chitin 

concentration but also by local environmental factors. This hypothesis was addressed by 

investigations of selected diverse terrestrial and aquatic habitats as well as controlled soil 

microcosms (Chapters 4 and 5). The selection of the habitats investigated in Chapter 4 was 

done based on the abundance of chitinolytic microorganisms (i.e., in soils and soil-like 

habitats) and on their potential reservoir function of bioactive molecules (freshwater and 

marine sponges). Taking into account the origin of the samples and their physico-chemical 

differences, enzymatic and molecular analyses were applied and then interpreted with 

caution. At the technical level, the critical factors used in the amplification of both the 16S 

rRNA genes and the chiA gene sequence were the concentration and purity of the 

environmental DNA. Such parameters are of critical importance for amplification rates and 

thus for our picture of the local microbial communities. Considering these, the theoretical 

investigations performed in chapters 2 and 3 were extremely important. Overall, we thus 

assessed the chitinolytic enzyme activity and abundance, as well as the diversity and 

structure, of the bacterial communities present in the selected environmental habitats.  

The enzymatic activity, as estimated by assessment of the degradation of 

fluorescently-labeled glucosamide and chitobioside, varied significantly with the type of 

habitat investigated. Notably, the values obtained for soils, unamended and/or chitin-

amended, were low as compared to those in the remainder of the habitats. Two hypotheses 

were used to explain these low enzymatic activities:  (1) the availability of other local 
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resources may have acted as an inhibitor of chitinolysis, as bacterial cells under such 

conditions do not need to secrete chitinases or (2) inhibitors, such as humic acids or fulvic 

acids may have inhibited the enzymatic reaction. The latter is clearly a potential limitation 

of the method applied in such conditions. In general, limitations of methods based on chitin 

oligomers to evaluate chitinolysis through fluorescence detection or as probes for in situ 

detection have been previously discussed (Wellington, personal communication; Beier et 

al., 2011) and they are commented on in chapter 4. Overall, the enzymatic activities 

measured were found to be higher in systems under chitin amendment in particular at 

alkaline pH. Although not tested, one technical explanation for the raised values at alkaline 

pH might be that the final pH in the assay had been close to the value of 10, knowing that 

4-Methylumbelliferone (the fluorogenic substrate in chitinase assay) develops maximum 

fluorescence at pH 10. 

The assessments of total bacterial abundances based on the 16S rRNA gene 

quantifications provided rather expected values. For instance, the increases of the bacterial 

abundances upon chitin addition were consistent in the soil samples and in accordance with 

previous reports (De Boer et al., 1999; Kielak et al., 2013; Xiao et al., 2005). In particular 

in the microcosm soils, a positive correlation of total bacterial abundance with the presence 

of chitin was observed. In all samples of chitin-amended soil at native pH (5.7), the 

abundance of bacteria was higher than that in those of unamended soil, starting on the first 

day. Although Actinobacteria are known to encompass active chitinolytic groups, the 

calculated relative abundances of this taxon showed a rather slow response to the 

amendment. Considering the considerable number of studies that report on isolation of 

actinobacterial strains on chitin agar, it can be concluded that the predominance of such 

organisms on plates is a typical reflection of the “great plate count anomaly”.  

Overall, the abundance of the chiA gene was consistently positively correlated 

with the estimated (added) chitin. Surprisingly, in the chitin-amended soil, the chiA gene 

abundance per gram fresh material was higher than that in marine sponges. Moreover, 

amendment of soil with chitin appeared to be beneficial to the chitinolytic bacterial 

community in the face of the alkalinized pH. Furthermore, the data showed that the 

bacterial community compositions in soil changed depending on chitin amendment and 

sample origin, as PCR-DGGE based fingerprinting revealed shifted banding patterns. 

Comparison of such patterns showed 70% similar community structures at the level of 

chiA, indicating a core of putative chitinolytic organisms irrespective of the type of habitat. 

Furthermore, the genetic analysis based on chiA pyrosequencing allowed an investigation 

of chiA gene diversity at a more profound level. Thus, this sequencing approach allowed to 

assess the dynamics of the relative abundances of different groups. In addition, presumptive 

chitinase producers were detected on the basis of gene sequences by comparison with 

sequences retrieved from characterized chitinases that were available in web-based enzyme 

repositories such as CAZy. The main group of sequences in soil (field and microcosm) and 

soil-like samples was identified as belonging to the Proteobacteria, while those from 
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Actinobacteria were at levels below 30%. Observations from the soil microcosms showed 

that, among the Proteobacteria, members of the Gamma- and Betaproteobacteria became 

dominant upon chitin adition. When the distribution of sequences was analyzed at the 

species level, few sequence types were shown to be abundant. Bacteria known to produce 

chitinases, such as Janthinobacterium lividum and Lysobacter enzymogenes, were dominant 

in field soil following amendment with chitin. Overall (as detailed in chapter 5), the chiA 

pyrosequencing data demonstrated the role of chitin in favor of bacteria like those affiliated 

with  Stenotrophomonas, Janthinobacterium and Lysobacter, while well-known chitinolytic 

organisms like Vibrio, Cellvibrio and Collimonas were found as less than 1% of the 

sequencing data. We showed that modulation of environmental parameters, in this case 

chitin availability and pH, induced shifts in microbial communities, resulting in the 

domination of just a limited number of sequence types. Chitinolytic communities were 

proven to be highly dynamic in response to these changes. Moreover, we found an 

enormous sequence diversity of the chiA gene. This remarkable diversity suggested that the 

ability to degrade chitin is broad and may remain present in a habitat when local conditions 

vary to extremes, even outside of laboratory conditions. In other words, at the level of the 

protein sequence, there appears to be a huge diversity, which may translate into functional 

redundancy. Such redundancy might be safeguarding the chitinolytic process in 

environmental habitats in the face of stress. Changes of any of the parameters included in 

Table 1 can apparently affect the process in natural settings. The negative correlation of 

some bacterial groups with chitin concentration indicates they may be outcompeted by fitter 

groups under chitin-rich conditions. Furthermore, the prevalence of other, possibly 

unknown, types indicates the potential of this type of experimental approach in finding 

novel enzymes.  

The results obtained in this study also provide a basis for further use of similar 

environments in the exploration of chitin degradation ecophysiology and as well as in 

mining of chitinases for biotechnological applications. Based on the measurements and 

assumptions (which habitat is more active with respect to chitin degradation, abundance 

and diversity of the chiA gene, next to the community structure of chitin degraders) 

discussed in chapters 4 and 5, the contribution of each habitat in understanding the ecology 

of chitin degradation may be conceptualized. Thus the use of any of these natural habitats, 

for instance the soil supplemented with chitin, for discovering novel chitin degradation 

genes and biocatalysts might be rated as to biotechnological promise. 
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Table 1. Habitats and environmental conditions analyzed. The color gradient indicates the relative impact of local 

habitat changes on chitinolysis as measured or predicted in this study. 

 
 

 

Soil chitinases - Chitin amendment, bacterial successions and soil disease 

suppressiveness   

Soil-borne diseases represent a significant problem in crop production system 

across the world. Several chemical and fumigation-based (control) methods have been 

described that might aid in countering such plant diseases and the underlying pathogens. 

However, the current quest for environmentally-friendly control methods points towards the 

use of natural products. Biopolymers like chitin and cellulose are indicated as coadjuvants 

in enhancement of disease suppression. For instance, in several studies suppression has 

been shown to increase after chitin addition to soil (Hjort et al., 2010; Kobayashi et al., 

2002; Sarathchandra et al., 1996). Based on isolation methods, it has been postulated that, 

by supplementing a soil with chitin, the microbial communities may change to bacterial 

dominance (Gooday, 1990a,b; Veldkamp, 1955). The large functional redundancy of 

chitinolysis in soil has also been described (Cottrell et al., 2000; Hjort et al., 2010; Metcalfe 

et al., 2002a,b) and chitinolytic bacteria isolated. In fact, many bacterial species, often 

chitinolytic, have been tested as biological control agents of fungal and/or nematodal 

phytopathogens (Dutta et al., 2004; Gooday, 1990; Gomes et al., 2001; Patil et al., 2000; 
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Weller et al., 2002). Additionally, it has been shown that treatment of plant seeds with 

chitosan increases their germination rate (Zeng et al., 2012; Guan et al., 2009). It is 

possible that this effect has come about as a result of effects on the local microbiota, 

although the effects on local communities have remained obscure. Thus, understanding the 

association between the abundance and structure of microbial populations, chitin or 

chitosan addition and soil function is important and relevant to the use of chitin and its 

derivatives for agricultural purposes.  

In this context, a Dutch agricultural field (“De Vredepeel”), which had been 

employed for long-term monitoring of different agricultural practices (Korthals, personal 

communication), was selected to assess the relationship between chitin amendment and soil 

disease suppressiveness. The amendment was based on incorporation in the top soil of high 

amounts of prepared shrimp waste (20 tons/ h) obtained from a local fishing industry. The 

molecular analyses of the soil microbial communities were combined with classical 

enumeration of selected fungal and nematodal pathogens (Chapters 6 and 7). Both bacterial 

and fungal communities were assessed in order to have a picture of the microbial 

abundance and community structure. Then, we focused on groups that were found to 

change their abundance when chitin was applied, namely Oxalobacteraceae and 

Actinobacteria. At the level of the two countable pathogens, Verticillium dahliae and 

pratylenchous nematodes, the values obtained after amendment were significantly lower in 

chitin-amended soil each time shortly after a rounds of amendment (total: two 

amendments). In addition, in the time period between the two chitin additions, the soil was 

characterized by lowered values of the two phytopathogens. Moreover, at a few sampling 

time points (March 2009 and April 2010), the effect of chitin was detectable even  though 

the level of pathogens in unamended soil was similar to or higher than before initiation of 

the treatment. The microbial abundances were found to have changed, with bacterial 

communities dominating fungal ones. Important critical changes were observed nine 

months and one year after the second chitin amendment, with strongly decreased fungal 

abundances. This type of change was similar to the one that was previously observed in 

chitin-amended soils cultivated with cotton (Hallmann et al., 1999). In the present soil, the 

inhibition of fungi due to chitin addition was significant, although we could not correlate it 

with the crop type standing on the field. We also observed a clear separation of the 

communities in chitin-amended versus unamended soil by PCR-DGGE fingerprinting 

analyses. The occurrence of different shifts in the actinobacterial and oxalobacteraceal 

communities confirmed that chitin amendment of soil does not affect all community 

members to the same extent. Actinobacteria showed a more diverse and faster reactive 

community than Oxalobacteraceae. This was explained as being the consequence of the 

fast colonization of chitin fibers by some Actinobacteria, while the increase of 

Oxalobacterceae might be due to the progressively enhancing availability of chitin 

oligomers. The Oxalobacteraceae 16S rRNA gene clone libraries generated from soil 

revealed a positive response of this group to chitin. In particular, the relative abundances of 
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types affiliated with Duganella and Massilia increased, while, on the other hand, that of 

Janthinobacterium decreased. Furthermore, to obtain details about the shifts in the bacterial 

communities, 16S rRNA gene based analyses through pyrosequencing (amplicon 

sequencing) were applied (Chapter 7). Major changes were observed in the abundances of 

Actinobacteria, Proteobacteria and Bacteroidetes. Significant increases, of up to 20%, 

were found in the chitin-amended soil from June 2010 for types affiliated with the  

Oxalobacteraceae. The two highly abundant genera from the clone library investigation, 

Duganella and Massilia, were confirmed as being at the base of the oxalobacteraceal rise. 

Interestingly, there were no sequences found that were associated with the genus 

Collimonas, a known chitin degrader. The relative abundances of Actinobacteria decreased 

over time in the chitin-amended soil. This decrease was explained as being the consequence 

of progressively developing local conditions (chitin oligomers that emerge in the system 

due to the action of secreted enzymes) that may have stimulated other, competing, bacteria 

like members of the Oxalobacteraceae. The results corroborated those from previous 

reports on Oxalobacteraceae changes as root-associated communities in soils under 

compost amendment (Green et al., 2006; Green et al., 2007; Ofek et al., 2012). The effect 

of chitin amendment remained detectable over time and a correlation with the crops (crop 

rotation in the chitin-amended soil enhanced the suppressiveness against V. dahliae) was 

observed. Overall, the sequencing data confirmed the hypothesis that soil disease 

suppressiveness is a complex process that is modulated by changes in the local bacterial 

communities. The findings offer strong support for the further use of chitin as an enhancer 

of suppressiveness towards pathogens. Monitoring of the chitin-amended soil used 

(Vredepeel, which is one of the most important European agricultural soils), can help to 

improve the methodology of inhibiting plant pathogens.  

 

 

 
Figure 1. Soil suppressiveness assessment – summary of methodology and results. Images adapted from 

www.freeimagines.com (nogmoseedbank.wordpress.com & shrimpmeal.wordpress.com). 
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Construction of large-insert metagenomic libraries and screening for 

chitinases  

One major aim of this study was the identification of novel bacterial chitinase 

genes / enzymes. In order to achieve this objective, five habitats were selected - based on 

their chitinolytic potential - for the construction of large-insert metagenomic libraries. The 

selected habitats were: unamended and chitin-amended disease-suppressive soils (The 

Netherlands), Oxyria digyna (arctic plant, Kilpisjarvi, Finland) rhizosphere, Ephydatia 

fluviatilis (freshwater sponge, Netherlands) and a bog soil (Ljubljana marsh, Slovenia). 

Approximately 400,000 fosmid clones were obtained in total, in the five libraries. The 

libraries were stored in amplified form as clones of Escherichia coli EPI300-T
R
 bearing the 

pCC1FOS fosmid vector with insert. The library produced from the chitin-amended soil 

was further screened for the presence of chitinase genes (Chapter 8), allowing the retrieval 

of five promising clones. This number of positive clones was relatively low when the 

library size (145,000 clones) was considered. Full-length fosmid insert sequencing and gene 

annotation identified a total of 150 ORFs representing a wide range of functions. Two of 

the fosmids (28C5 and 53D1) presented regions of high similarity, but overall no conserved 

syntenic regions were found. The search for potential regions of horizontal gene transfer 

revealed three tetranucleotide overlap regions. This was interpreted as representing a 

possible interaction between the original hosts of cloned genomic fragments (Noble et al., 

1998; Techtman et al., 2012). Following the complete annotation of fosmid inserts, four 

chitinase genes, together with several other genes known from carbohydrate metabolic 

pathways, were assigned. One fosmid (101F8) presented two different chitinase genes and 

one a chitin deacetylase. At the level of annotation and closest homolog prediction, 

selection of the optimal BLAST-P features was critical. Two types of alignment matrix 

were used, blocks substitution matrix (Blosum) and point accepted mutation (PAM) based 

on the length of the amino acid sequence of predicted ORF. Therefore, each ORF was 

manually checked using the established criteria. In each instance, the prediction of the 

closest homolog was performed with caution, bearing in mind that, even though gene 

annotation has maximum accuracy, an analyzed fragment can only represent a small part of 

an original genome. Gene annotations (all genes, not only the chitinase) over all fosmids 

indicated, as likely original hosts, organisms belonging to five dominant bacterial genera: 

Burkholderia, Actinobacteria, Stenotrophomonas, Acidobacteria and Aeromonas. 

Surprisingly, no fosmid presented any Oxalobacteraceae gene, although we found a clear 

increase in the abundance of this group, to up to 20% of the total bacterial abundance as 

revealed by 16S rRNA gene pyrosequencing. A limiting factor in finding oxalobacteraceae 

genes may be the number of individual clones screened. The estimated number of 

individual clones tested for chiA, through the “pooling-subpooling-individual clones” 

method, was less than half of the library size (screening estimated at 40,000 clones out of 

145,000). Also, the lack of detected oxalobacteraceal sequences can be explained by the 

fact that DNA cloning is a stochastic process which is influenced by numerous qualitative 
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and quantitative factors. Moreover, in particular in two fosmids (53D1 and 28C5), we 

found genes similar to those recently described in Chloroflexi such as Nitrolancetus 

hollandicus and Ktedonobacter racemifer (Chang et al., 2011; Sorokin et al., 2012), while 

pyrosequencing data showed a low abundance (<1%) for this phylum. Regarding the 

genetic environment of the chiA-like genes found in the fosmids, no clear  “chitinase” 

operon containing more than one type of chi gene, as previously described (Delpin & 

Goodman, 2009; Li & Roseman, 2004), was found. Nevertheless, the presence of 

transcriptional regulators and of genes from “carbohydrate metabolic pathways”, together 

with the putative chitinase regions, represented suggestive evidence of genomic regions 

active in chitin binding and transformation. Hence, the deep sequence analysis of fosmid 

53D1 which was further offered for protein expression studies, was warranted. 

 

Exploration of our understanding of the ecology of bacterial chitinase 

expression for further biotechnology applications 

The chitinolytic organisms identified across all selected habitats are likely to be 

part of dynamic bacterial communities that show the ability to change when external 

conditions change. Among the factors that potentially drive such communities, chitin was 

shown to exert a main influence on the abundance and distribution of bacteria. However, 

the chitinolytic process was also influenced by pH, whereas we hypothesized that also 

prevailing temperature and salinity affected it. Taking into account that chitin degradation 

is also dependent on hidden factors such as the simultaneous excretion of hydrolases and 

the existence of chitin-binding proteins without catalytic domains, no absolute statement 

can be given about the chitinolytic process and the organisms involved in it, in the habitats 

analyzed here. The limitation (in particular the resolving power) of the enzymatic methods 

in the evaluation of the process was compensated for by using direct molecular methods. 

The chiA gene was used as a marker for the detection and quantification of bacterial chitin 

degraders for two reasons (1) ChiA is a key exochitinase and exochitinases are presumed to 

be more abundant in the chitinolytic process than endochitinases since the non-reducing 

ends of the polymer are more exposed to the enzyme (2) the database of characterized 

bacterial chitinases of the ChiA type is the largest available, facilitating sequence 

comparisons. Therefore, the chiA gene was deemed to be suitable for use as a proxy for the 

screening of environmental metagenomes for novel chitinases. The cloning of large 

fragments of metagenomic DNA in fosmids, followed by full sequencing and sequence 

analysis resulted in the identification of five chitinase-like genes. Despite the biases of the 

metagenomic approach used, a diverse set of genes was recovered next to the desired 

chitinases. The chitin-amended soil “Vredepeel” thus proved to be a good habitat for 

metagenomic mining not only of chitinases but also of other enzymes.  
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Conclusions and perspectives for future research 

In the light of all of these findings, the general conclusions from the work 

performed in this thesis are: 

 Habitat structure and local environmental conditions shape the bacterial communities 

that utilize chitin to meet nutritional (C and N) needs. 

 The type of chitinolyis in soil is influenced by the chitin concentration, whereas pH 

also has an effect.  

 Soil suppressivess towards plant pathogens is enhanced by chitin amendment, which 

raises the abundance of Oxalobacteraceae. The induced suppression of soil-borne 

pathogens can be maintained over years. 

 Chitin-amended “Vredepeel” soil represents an excellent soil for studying the effect of 

chitin amendment on the soil microbiota as well as for finding new enzymes. 

 Metagenomics bioexploration based on cloning of large environmental DNA 

fragments from chitin-amended soil allows to find putative new chitinases. 

 The relatively high percentage (30.6%) of genes for “unknown” function obtained in 

the library fosmids that were studied confirms the potential of chitin-amended soil for 

obtaining “novelty”. 

 Functional metagenomic screening for chitinases cannot be performed without 

considering the ecophysiology of chitinolytic bacteria in their natural settings. 

 

The results obtained in this study open up a perspective for future research in the 

field of chitin degradation ecology and in the biotechnological applications of chitinases. 

The perspective is based on the tenet that local conditions are apparently drivers of the 

types of chitin degraders that are selected. Hence, when the needs of industry are 

considered, local conditions ideally need to mimic the conditions of the industrial process. 

One can thus envisage the successful cloning of chitinases that function optimally at pH 9 

by exploring the bacterial communities in a soil with pH set at a value close to this. 

Moreover, local conditions of salinity (e.g. a dry soil contain higher salt concentrations than 

a wet soil simply due to evaporation) will affect the types of chitinolytic bacteria and 

chitinases that are active, and hence such a condition is to be taken into account when 

chitinases working under high-salt conditions are to be found. Taking such environmental 

variables into account in further work, metagenomic screenings can be optimized. The then 

identifiable gene sequences from libraries, representing the tip-of-the-iceberg of chitinases 

in the system, will incite a more successful production of different proteins with various 

applications. The work performed in this thesis still leaves us far from this desirable aim 

and thus a range of (theory- and methodology-based) questions needs an answer if we want 

to gain better access to the chitinolytic treasure of natural habitats.  

Such questions are: How can we make better use of the information obtained from 

fosmid sequencing and annotation? Can we go back to the environment and extract the 



168 

 

most active members of the bacterial community by using specific primers or probes 

designed based on functional annotation of genomic fragments? Can the dynamics of the 

chitinolytic communities, including their successions and mode of action, be quantified in 

this way? What is the mechanism behind the abundance variations in soil, when confronted 

with a supply of chitin, that was observed for the Actinobacteria and Oxalobacteraceae? 

Such abundance variations almost certainly relate to modulations of local conditions, as 

discussed earlier. For instance, are enzymes secreted by the Actinobacteria, that result in 

partially degraded chitin/chitin oligomers, at the basis of the observed increase of the 

abundance of Oxalobacteraceae?  

The enormous diversity of bacteria in most soil systems supports the hypothesis 

that the relationship between chitin amendment, soil disease suppressiveness and bacterial 

community shifts goes beyond the interaction just between two bacterial groups. Therefore, 

the use of a systems-level approach can be cogitated, in which in situ measurements are 

combined with sequencing data and the total data are integrated in a network-type analysis 

with metadata. Sequencing data can be also used to improve the procedure of isolation of 

chitinolytic organisms. Finally, the ecology of underexplored groups of bacteria with 

putative chitinolytic functions, like Chloroflexi and Acidobacteria, should be investigated. 

Moreover, the available large-insert fosmid libraries from very diverse natural habitats and 

yet un-scanned (neither for chitinases nor for other genes) can serve as a starting material 

for experiments that will try to answer the above questions.  

 

 

 
Figure 2. Concept of using chitin waste. 
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In conclusion, the thorough exploration of chitin degradation in the natural, as well 

as and controlled, environments such as applied by us could be used as a model for 

assessing the intricacies of natural processes as well as predicting the biotechnological 

potential of bacterial communities across ecosystems. The functional metagenomics 

approach, resulting in tangible enzymes that are produced, should be combined with 

subsequent ecological studies in order to improve the understanding of ecological behavior, 

which will ultimately allow us to better explore and exploit the biotechnological potential. 

This can lead to a diverse suite of applications of cleaned-up chitin, as well as chitin 

derivatives and also chitin degraders (Figure 2). Thus continued investigation of chitin 

degradation in natural habitats will constitute the basis for developing new chitin-added 

value products. 
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