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7 Abstract
As global demand for sustainable resources rises, research into biotechnological solutions for agricultural waste valorization intensified. Lignocellulosic biomass is an important resource that is
not extensively ufilized, which can be converted into useful bioproducts Traditional methods of biomass conversion, such as chemical and thermal processes, are often energy-intensive and
environmentally damaging. In contrast, biological methods offer an eco-friendlier and more sustainable alternative.

Hermetia (H.) illucens, known as black soldier fly, emerged as a key player in this field due to its larvae's ability to process organic waste. The larvae's gut microbiome can break down
lignocellulosic materials, making it a rich source of cellulolytic bacteria. These bacteria produce enzymes that degrade cellulose into simpler sugars, which can then be converted into biofuels,
chemicals, and other valuable products. The aim of this study is o obtain new cellulolytic microorganisms from H. illucens larvae grown on alternative cellulose substrates such as hemp. To
identify and confirm bacteria that produce cellulase, tfechniques including the use of enrichment media and semi-quantitative assays on carboxymethyl cellulose (CMC) agar, were employed.
Additionally, molecular methods like quantitative PCR (QPCR) were used to further investigate the expression of bcsZ genes involved in cellulose degradation.

Integrating these biological processes info waste management systems can foster a circular economy by converting agro-industrial waste into renewable resources. This approach not only
| addresses waste disposal challenges but also supports the production of biofuels and other bioproducts, benefiting various industries and promoting environmental sustainability. Exploring novel
:'zf.;gncroorgomsms and their enzymatic capabilities holds promise for advancing sustainable industrial practices and enhancing the global bioeconomy. -

Materials and methods

. ///// | 2

7 erme’rlcl llucens larval guts and larvae grown on hemp subsfrate were inoculated in two agPCR analysis was performed to study the dynamics of microbial populations encoding fh/é’
enrichment subsirates (A1: CMC, soil exiract, hemp powder, and larval exiract, A2: A. (A.) endo-1,4-8-glucanase — bcsZ gene. Samples included the gut of H. illucens larvae grown on
donakx, soil extract, hemp powder, and larval exiract). Serial dilutions of these samples, faken alternative carbon source as well on optimal diet, the enrichment substrates A1 and A2,
at different fime points (T0: 2 hours, T1: 7 days, and T2: 15 days), were plafed on four media  gnd bulk samples (microbial cells collected from the four growth substrates). Total DNA was
containing different sources of cellulose [1] (CMC, Arundo (A.) donax, hemp, Avicel) to select extracted from each sample using the FastDNAT™ SPIN Kit for Soil. The gPCR was conducted
cellulolytic microorganisms (Figure 1). Cellulolytic activity of the new isolates was confirmed using a Bio-Rad CFX96 thermocycler; data analysis was performed using Bio-Rad CFX
Oy semi-quantitafive spof method on CMC agar stained with 1% Congo red [2-3] (Figure 2).  Manager software to assess amplification efficiency and calculate relative gene expression
Cellulase activity was calculated as the diameter of the cleaning halo zone subtracted (Figure 3).

by the colony diameter (Indices of Relative Enzyme Activity-ICMC). The purified isolates
underwent to phenotype characterization based on colony morphology, microscopy shape,
Gram staining, and catalase assays, and stored in slant cultures until further analysis.
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Figure 1. Inoculum of larvae grown oh hemp and gut on A1 and A2 Figure 2. Semi-quantitative analysis performed by spot  Figure 3. DNA extraction from larval biomass and gut; collection of bulk
enrichments. Serial dilution followed by the spread plate technique plating on CMC agar with 1% Congo red for detecting  samples and DNA extraction. Quantitative PCR (gPCR) analysis steps.

CMC Arundo donax  Avicel Hemp

using four different selective substrates cellulolytic activity.
/ Results
Inoculating two distinct samples — H. illucens larvae fed a hemp diet as well their The gPCR analysis of H. illucens samples showed that the gut samples added in the
corresponding gut — into two enrichment substrates (Al and A2) yielded 546 isolates. enrichment substrates A2 had greater bcsZ gene copies than the Al, providing insights
Samples from enrichment were withdraw at three different time poinfs (10, T1, and T2). about the potentialities of the enrichment (Figure 5 a). Otherwise also the four substrates
Specifically, 66 isolates were obtained from T0, 148 from T1, and 288 from T2, indicating a selected for different number of gene copies; results showed that the substrates with A.
higher yield at later stages of incubation (Figure 4). From the semi-quantitative assay on donax nor CMC as complex carbon source combined with samples from enrichment A2
CMC agar, 72 out of 436 tested isolates demonstrated cellulolytic activity, representing were potentially the best combo to select microorganisms with cellulolytic activity (Figure 5
16.51% of the total. Among these, five isolates produced halo zones greater than 10 mm. b).
a 5o b 6.0
- 5.5 5.5 %
3 a
= = | 5.0 b = 5.0
M!Dl 4':’l —— abc Eabé

|

becd

3

Py
o

LI

log (bcsZ copies/dw sample)
=y
(W]
=
o

log (besZ copies/dw sample)
Y
L

_—
L
L

I

[N -
A A

LTLEET

[N

UMM«

[
[N g=

R

3.0
gut-Al gut-A2 ARUNDO-A1 ARUNDO-A2  Avicel-Al Avicel-A2 Canapa-Al Canapa-A2 C

[95]

o
=<
=
=
o
A
<
=
]
=]

Figure 4. Purification of colonies through successive streaking and preservation of pure isolates in Figure 5. Bar diagrams showing besZ gene copy number of a) samples from enrichment Al and A2,
erinef flasks. and b) bulk samples from serially diluted plates on different media. The error bars represent the means

+ SD of three replicates. Different letters indicate significant differences (P < 0.05).
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