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Introduction
The threat of antibiotic resistance and infections caused by multiresistant
pathogens creates a need for self-sterilizing materials that are powerful, fast to
use and not dependent on artificial input. The SolarSafe project aims to tackle
this issue by utilizing the photodynamic inactivation (PDI) properties of organic
photosensitizers to create self-sterilizing composite materials. The
functionalization of nanocellulose with cationic polyamines generates a material
that can attract and bind negatively charged organisms, such as viruses.
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WP2: Interaction at the biointerphase

Cationic nanocellulose

Conclusions
• Functionalization rate was high for conjugation with protected spermine, but

different deprotection methods need to be applied to cationize the material
surface.

• Free base spermine conjugation was low in yield but can be promising
synthesis route if synthesis can be optimized. This method needs more
inspection if the fibres have been crosslinking.

Method
Two different routes were taken to synthesize TOCNF-Spermine derivatives:
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Fig. 4 EMSA with TOCNF-TB-SP (TFA) and 
TOCNF incubated with 50 mg/L CCMV
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Fig. 6 EMSA with TOCNF-SP (free base) 
incubated with 50 mg/L CCMV

Fig. 7 NMR of TOCNF-TriBoc-Spermine and TOCNF-
TriBoc-Spermine with TFA deprotection
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Fig. 5 EMSA with TOCNF-TB-SP (HCl). 50 
mg/L of CCMV was incubated with each 
sample

Fig. 1 SolarSafe project pipeline for developing antimicrobial material. Figure received from Mauri Kostiainen.

Scheme 1. TOCNF functionalized with cationic spermines 
allows viruses to be attracted to the surface and bind.

This work focuses on the synthesis,
characterization, and biomolecule
binding studies of cellulose nanofibre
(CNF) and spermine derivatives.
Spermine is a cationic polyamine,
therefore it can be used to attract
negatively charged objects. The aim
is to functionalize biodegradable
TEMPO-oxidized CNFs (TOCNFs)
with spermines to create a cationic
brush that can attract and bind
viruses and other microbials.
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Scheme 2. Two different synthesis routes for conjugation of TOCNF and 
spermine.

Using protected spermine,
allows conjugation without
crosslinking, but adds additional
step, deprotection, to synthesis.

Free base spermine can lead to
cross-linking, but is more
straightforward to synthesize.

TriBoc-Spermine and free base spermine were reacted with TOCNF utilizing
EDC/NHS chemistry. Deprotection was conducted in two ways to cleave off the
protectant groups of TOCNF-TriBoc-Spermine. First method involved a reaction
with TFA and the second method was done by introducing the sample to EtOAc
gassed with HCl.

First characterization method was done with FTIR and the presence of amides
was confirmed for both synthesis routes.

Fourier-transfrom infrared spectroscopy

The zeta potential of pure TOCNF was -33.0 mV, TOCNF-TriBoc-Spermine (TFA)
was -14.6 mV, and TOCNF-Spermine (free base) was -7.10 mV. All the surfaces
were still anionic, but showed that the surface of CNFs had been modified.

Zeta potential

The interaction between material and biomolecules was explored with
electrophoretic mobility shift assay (EMSA) by incubating TOCNF and TOCNF-
Spermine derivatives with 50 mg/L of Cowpea Chlorotic Mottle Virus (CCMV).
Binding of TOCNF-Spermine derivatives wasn’t detected and this result is
aligned with zeta potential values.

Electrophoretic mobility shift assay

The covalent binding of spermine was confirmed with ionic liquid nuclear
magnetic resonance (NMR) spectroscopy. TriBoc-Spermine had higher
functionalization rate than free base spermine. NMR also confirmed that with
both deprotection methods, the protectant groups were still present.

Nuclear magnetic resonance spectroscopy

Fig. 2 FTIR spectrum of TOCNF-TriBoc-
Spermine derivatives (1800-1200 cm-1)
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Fig. 3 FTIR spectrum of TOCNF 
conjugated with free base spermine 
(1800-1200 cm-1)
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Fig. 9 NMR of TOCNF conjufated with free base spermine

Fig. 8  NMR of TOCNF-TB-SP deprotection with HCl
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