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ABSTRACT

This study addresses the effect of zinc oxide nanoparticles (ZnO NPs) on cellulose-degrading
actinomycetes isolated from soil. The actinomycetes are widely researched and reported as the
diverse micro-machinery with incredible capabilities to synthesized and secrete the enzymes like
cellulase, chitinase, lipases and many other bioactive compounds which are involved in soil
reclamation and the fertility of soil. The metabolic traits associated with actinomycetes present
significant opportunities for industrial uses in the paper, pharmaceutical, food, textile and leather
industries. Their degradation of cellulose and lignin rich agri-biomass other polysaccharides
present in soil is well documented. As saprophytes, they may decompose complex polysaccharides
like lignin and cellulose to produce soil organic matter. Cellulases produced from the
actinomycetes have additional advantages over other sources such as bacteria due to their thermal
and pH stability, as well as availability in diverse environmental conditions. However, exploring
more suitable strains for cellulase production due to their slow growth, spore formation, and other
challenges, is still an area of interest for scientists.

The enhanced use of nanoparticles has increased concern about risk for the environment and soil
because it affects microbial processes and may damage soil fertility. Microbial ecotoxicity of the
NPs has gained huge attention from the researchers across the globe; however, unavailability of
consolidated data and detailed analysis, it would be difficult to reach the conclusion about the ZnO
NPs mediated toxicity in soil. Presently, ZnO NPs found multiple applications in various industries
and agriculture, however their interaction with soil microbial communities is still not well
understood. The present thesis investigates the interaction between ZnO nanoparticles and
actinomycetes to find out the possible mechanism of toxicity on cellular and functional level

(cellulose degradation potential).



In the study, actinomycetes with cellulose degradation potential were isolated from the soil of
different locations because of the availability and adaptation of the wide range of novel species
distribution in diverse soil conditions. These isolates were screened for their cellulose-hydrolysing
potential, and out of 45 isolates, 3 isolates formed clear zones on CMC agar, indicating the
degradation of cellulose. The 16S genomic studies showed that the cellulolytic actinomycetes
belonged to the Streptomyces genus. Further, these isolates were screened on the basis of pH (5-
11), temperature (30-90 °C) and salinity (2-10% NaCl) stability, results showed that species
Streptomyces calvus was more stable in these conditions.

As the next step, ZnO NPs were synthesized using Cow dung extract and characterized with the
UV-VIS spectra, FTIR, XRD, SEM, TEM microscopy and EDX spectroscopy. The Antimicrobial
potential of these ZnO NPs synthesized from Cow dung extract were tested against Escherichia
coli, Staphylococcus aureus as well as isolates Streptomyces sp. Compared with control (water),
the impact of biologically synthesized ZnO NPs on seed-germination, root and shoot lengths were
also explored. Results suggested that ZnO NPs could significantly induce the germination of mung
bean and does not disturb microbial flora and fauna due to minimal invitro toxicity on test
microorganisms. The lower cellular leakage and reactive oxygen species (ROS) in comparison
with commercial ZnO NPs (1mg/ml), made Cow dung extract mediated NPs more suitable for
finding the possibilities in agricultural and industrial applications.

In the next step, the catalytic potential of ZnO NPs on cellulose degradation was also investigated
with the help of solid-state fermentation (SSF) of rice straw and crude cellulase was also recovered
as another important outcome of the study. The ZnO NPs (1 mg/gm) were supplemented in a solid-
state fermentation medium with the isolated actinobacterial species Streptomycetes calvus for

cellulase production at 30 °C for 15 days. It was noticed that the addition of the NPs catalyzes the



biodegradation of rice straw complex structure and facilitated cellulase production. It was also
found that cellulase activity increased by 22.5% (29.9 1U/gds with ZnO NPs vs. 24.4 1U/gds in
control) due to application of NPs. Further, SEM and FTIR clearly showed the degradation of
lignocellulose in the form of morphological changes in rice straw structure due to microbial action
during fermentation process. Additionally, 36.6 % higher saccharification rate (sugar yield) with
respect to non-treated control indicated that nanoparticles-mediated cellulases might be helpful in
releasing sugar more efficiently.

The pure culture-based studies were also performed to evaluate the toxicity of cow dung based
and commercial ZnO NPs on the isolated Streptomyces calvus. The result showed various
concentration (0.05-50 mg/ml) concentration of NPs causes toxic effect (zone of inhibition) on
gram positive S. calvus. On comparing both the NPs the level of ROS is gradually increased in
commercially purchase ZnO NPs. The outcomes revealed that the toxicity of biologically
synthesized ZnO NPs was lower (MIC-2 mg/ml) than the commercial ZnO (MIC-1 mg/ml) and
mainly attributed due to destruction of membranes and entrance of Zn*? through membranes.
Further, BacLight™ live-dead analysis highlighted the toxicity of ZnO NPs on S. calvus, due to
both contact mode (damaged membrane) and concentration of the NPs.

The microcosm study was also performed to observe the ecotoxicological potentials of ZnO NPs
on bacterial and actinobacterial diversity. The effect of 1000 mg/kg of biologically synthesized
and commercial ZnO NPs was investigated using culture plate study (CFU) as well as the
amplicon-based sequencing of 16S rRNA genes present in the soil extracted DNA from
microcosms. It was observed that microbial diversity was found to be reduced by 34% in the soils
treated with ZnO NPs (ZnO B: 1.5x107; ZnO C: 1.01x107). Further, 16S based genomic

sequencing of the soil revealed that the relative abundances ecologically significant and

Vi



agriculturally important phyla specifically Acidobacteria, Actinobacteria, Proteobacteria and
Firmicutes were positively or negatively affected in the presence of ZnO NPs ranges from 1 to 4%
with respect to non-spiked soil. To the best of my knowledge, this is the first study to evaluate the
impact of biologically synthesized ZnO NPs on cellulase production and soil microbial diversity
using a combination of solid-state fermentation and next-generation sequencing. The overall
outcome of the study suggests that biologically synthesized ZnO NPs could be a safer alternative
to commercial ZnO NPs for agricultural applications, minimizing toxicity to soil microorganisms

while enhancing cellulase production.
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