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Antifreeze proteins found in both plants and animals have many possible applications industrially and in healthcare. However the specific mechanisms and features of
these proteins are poorly understood, and recent studies have shown their incompatibility with several cell and organs types. Here we present a detailed study on the
ability of polymers to act as a bio-mimetic surrogates for antifreeze(glyco)proteins (AF(G)Ps), with a focus on the specific property of ice-recrystallisation inhibition (IRI).

Poly(Vinyl Alcohol) (PVA) as an Antifreeze Agent

* Surprisingly little work has been carried out into the antifreeze potential of synthetic
macromolecules.

e The first experiments demonstrating that poly(vinyl alcohol) (PVA) displayed Ice
Recrystallization Inhibition (IRI), a major component of antifreeze activity, were made by Knight
et al. in 1995.11

* PVA has a molecular weight dependant Ice Recrystallization Inhibition (IRI) activity comparable

to antifreeze proteins.?! It is nontoxic and readily available. ' I iii

Figure 1. Ice recrystallization inhibition activity of PVA homopolymers as measured by the splat assay. (i)
Initial crystal nucleation and growth in a rapidly frozen PBS solution. (ii) Crystal growth in PBS solution after
30 minutes annealing at -8°C. (iii) Total inhibition of crystal growth after 30 minutes annealing at -8°C caused

by 6 kDa PVA at a 1 mg.ml concentration. Scale bar = 200 um

* PVA also does not display dynamic ice shaping, a property of AF(G)PS that cause the growth of
needle-like ice crystals that could damage cell membranes.

RAFT Polymerisation Affords Highly Controlled PVA
For Molecular Weight Dependant IRI Analysis

The IRI Activity Of PVA Shows A Far Higher Molecular
Weight Dependence Than Previously Thought

Scant reports suggest a correlation between chain length and activity. These reports used poorly
defined commercial PVA samples. In order to gain a better insight RAFT polymerisation was used
to control the molecular weight dispersity. All samples displayed narrow polydispersities and

The graph below shows the concentration and molecular weight dependant activity of the PVA
samples prepared by RAFT polymerisation. There is a stark difference between the activity of
PVA with 10 units and 20; which follows the same behaviour as larger PVA. High molecular

high conversions for bulk polymerisation, and in the case of PVA 350 could be chain extended to weight PVA show strong inhibition at very low concentrations.

afford high molecular weights. Polymers were fully hydrolysed using hydrazine hydrate solution. 100
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2.0-2.1 ppm, and the a backbone proton Figure 3. SEC traces for a selection of Poly(vinyl acetate) Figure 4. Ice recrystallization inhibition activity of PVA homopolymers as measured by the splat assay.
of the alcohol at 4.1-4.25 ppm. Integrals | Pelymers prepared as above. These polymers where then Graphical analysis IRI activity as a function of polymer concentration. MLGS = mean largest grain size
taken from the PVA (blue) trace shows fully hydrolysed using hydrazine hydrate and purified by \ relative to a PBS control, expressed as %. Errors bars represent the standard deviation from at least

dialysis and then freeze drying, affording pure PVA.

that hydrolysis > 99%. three ice wafer image measurements.

Hydrophobic Modifications Reduce The IRl Activity...

Vinyl acetate can be copolymerised with isopropenyl acetate, or the hydroxyl groups on PVA

...As Do Hydrophillic Modifications

Vinyl acetate is often copolymerised with vinyl pyrrolidone to make block copolymers, and

can be modified via post-polymerisation modification. Substitution of the hydroxyl group led to The preparation of random copolymers is facile so long as the conversions are kept low due to
a dramatic decrease in activity above 10 mol% inclusion, as did inclusion of methyl groups along the different reactivity ratios. Poly(vinyl pyrrolidone) (PVP) is highly water soluble and is used in a
the polymer backbone, which greatly affected solubility of the copolymer past 10% inclusion. number of applications similar to PVA. PVP has been previously shown to have no IRI activity, but
0 o) . increasing the solubility of the polymer would give greater insight into the factors affecting the IRI
OH OH activity of synthetic macromolecules. ]
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Figure 5. Ice recrystallization inhibition activity of PVA/PVAc as decreased compared to homo Mol % PVA is the molar ratio of repeat units of the total polymer. All can be tolerated in the main
measured by the splat assay. Errors bars represent the standard | pyA. polymers consist of roughly 50 repeat units and have a PDI = 1.2-1.4. chain structure if activity
deviation from three ice wafer image measurements. is to be maintained
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