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Robust methods of waste biomass utilization are increasingly demanded by
modern society. While most past efforts were focused on waste polysaccharide biomass, only a few
studies considered the utilization of biomass DNA for the preparation of functional materials. In
this study, we developed upcycling technologies for hydrothermal, microwave-assisted, and pyrolytic
processing of biomass DNA to prepare functional carbon nanomaterials.

In particular, we developed synthetic methods for fluorescent nanomaterials (biodots) from DNA by
hydrothermal and microwave methods and succeeded in controlling the fluorescent properties of
biodots by doping. DNA-derived biodots were applied for heavy metal detection applications.
The results of this project extended the scope of DNA biomass-derived products preBared by
thermal processing thus representing a valuable addition to the existing sustainable biomass
processing technologies.
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1. BRSSO E =

Utilization of renewable biomass feedstock is an area of increasing scientific interest and the
target of intensive global research. Biomass is utilized either for (i) a direct conversion to
energy through combustion or (ii) for the preparation of various functional materials. Available
in large quantities biomass is mainly represented by polysaccharides (cellulose, chitin, etc.),
fats, proteins, and nucleic acids. The maijority of reports found in the literature focus on
carbohydrate feedstocks due to their availability and easiness of processing. In contrast,
there have been almost no studies on DNA utilization as a biomass. During the past decade,
the availability and application of natural DNA materials have been dramatically broadened
and the key objective of the proposed research was to make clear the possibility of utilizing
waste-derived DNA for the preparation of functional materials using the thermal processing
method.

2. HEOBEH

While most past efforts were focused on polysaccharides, only a few studies considered the
utilization of nucleic acids for the preparation of functional materials. DNA is ubiquitous on
Earth and can be extracted in tons quantities from a waste of marine industry such as fish
milt, which makes DNA a very attractive sustainable resource for functional materials
preparation. The aim of the proposed research was (i) to systematically investigate the
process of nucleic acids thermal decomposition by hydrothermal and pyrolytic methods, (ii)
to clarify structure and properties of the products and mechanism of their formation from DNA,
and (iii) to test potential applications in fields of bioimaging, photocatalysis, and sensors.

3. D FE

The synthetic phase focuses on the preparation of carbon nanomaterials, namely carbon
dots (CD) and graphitic carbon nitride (g-C3N4) from DNA feedstocks. Two methods are
utilized for the thermal processing: (i) hydrothermal and microwave treatment of nucleic acids
and (ii) pyrolytic decomposition of nucleic acids. Mainly, DNA extracted from fish milt was
used as a starting material, while RNA, nucleotides and nucleosides were also used for
comparison.

4. HFFEER

(1) Synthesis of fluorescent nanomaterials (biodots) from DNA by hydrothermal method.
Fluorescent nanoparticles (biodots) of several nm size in diameter were successfully
synthesized from polymeric and monomeric nucleic acids: DNA, RNA, nucleotides, and
nucleosides using hydrothermal (HT) reaction (Figure 1A, C). Spectroscopic studies
revealed that the formation of biodots proceeds through the degradation of ribose sugar,
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Figure 1. A. Fluroescence of biodots prepared from DNA, RNA and nucleotides (AMP,
UMP, GMP, and CMP) under UV light. B. Fluroescence of the solution of biodots prepared
from DNA and phenilene diamine. C. TEM images of DNA-derived biodots. C. The
mechanism of biodots formation from DNA.




whereas depurination, depyrimidation, and consequent fusion of heteroaromatic
nucleobases result in the formation of fluorescent nanoparticles (Figure 1D). The chemical
structure of precursors affects strikingly optical properties of biodotes In particular, HT
treatment of nucleic acids containing purine nucleobases yields over 50 times brighter
biodots compared to the precursors containing pyrimidine ones. The fluorescence of nucleic
acid biodots is stable in a broad range of pHs and the presence of physiologically relevant
cations.

The HT synthesis of DNA biodots using a conventional HT reactor and a microwave
reactor under the same conditions was conducted to compare the fluorescent properties of
products. The emission wavelengths were similar for both types of reaction products but the
biodots prepared using the microwave reactor had 1.5-2-fold higher fluorescence compared
to those obtained in the conventional HT heating reaction. This difference originated due to
a more homogenous energy transfer in the microwave reactor during biodots synthesis. In
addition, microwave heating exhibited lower energy consumption providing additional
benefits of energy efficiency and reduced environmental impact.

(2) Multicolor biodots prepared by DNA HT treatment with phenylene diamines. HT and
microwave synthesis of DNA-derived fluorescent nanomaterials were further elaborated to
control the fluorescence intensity and the emission wavelengths by admixing different
nitrogen-containing reagents (urea, aliphatic, aromatic polyamines, etc.). The hydrothermal
and microwave synthesis of DNA biodots in the presence of amines via the single-step
treatment of DNA-amine mixtures and two-step route were performed. HT and microwave
treatment of DNA in the presence of urea and aliphatic amines result in biodots with only blue
fluorescence and significantly lower quantum yields (QY) than DNA biodots. In contrast, the
hydrothermal reaction of DNA with aromatic diamines (phenylene diamines) resulted in
products with green fluorescence (Figure 1B) and QY about 4 times higher than that of DNA
biodots. The obtained results demonstrated a potential possibility to control the color and
fluorescence intensity of DNA-derived nanomaterials by doping with other molecules.

(3) Application of DNA-derived
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biodots prepared from UMP, CMP, DNA and AMP biodots fluorescence on Hg?* concentration.
and DNA. Furthermore, biodots prepared from individual nucleotides show better selectivity
to Hg?* ions and a linear dependence of fluorescence on Hg?* concentration, in a broad
concentration range. In addition, biodots can be used to make paper-based sensor strips for
detecting metal ions in aqueous solutions. Paper strip-based sensors represent a new



strategy for developing simple metal ion indicators for a variety of analytical and
environmental applications.

(4) Biochars from DNA. Biochars and hydrocars were prepared from DNA or DNA-derived
materials by the pyrolytic treatment at 300-500 °C and hydrolytic treatment at 200 °C. The
obtained chars were studied for their adsorption capacities towards typical environmental
pollutants (heavy metal ions and pharmaceuticals) by standard batch adsorption experiments.
DNA-derived biochars and hydrochars showed low adsorption capacities (below 1 mg/g)
towards all studied adsorbents compared to the original DNA and DNA-containing materials
and standard adsorbents such as activated carbon. The decrease in the adsorption capacity
during thermal treatment of DNA materials was ascribed to the decomposition of nitrogen-
containing and other functional groups that served as active centers for binding with the
adsorbing molecules. The application of DNA-derived chars as adsorbents was thus shown
to be limited. Furthermore, it was concluded that the presence of the phosphate moieties in
the DNA prevented the formation of the graphitic carbon structures suggested at the
beginning of the study.

(5) Conclusions. Based on the high impact of previous studies reported the “green” synthesis
of carbon nanomaterials, the conducted research provided important knowledge on the
scope and limitations of DNA biomass-derived products prepared by thermal processing and
has a strong potential to be a valuable addition to the existing sustainable biomass
processing.
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