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Title: Means and methods for selective deuble diol exidation.

5 The invention relates to the field of enzvme engineering and
biocatalysis. In particular, it relates to alcohol oxidases and thewr
application in the selective oxidation of dicls for the production of
mndustnally useful oxidation products thereof, such as precursors for
hiodegradahle polyvesters.

10 Poly(l,4-dioxan-2-one) [polyv(p-dioxanone); PPDO] is a
biocompatible aliphatic poly(ether-ester) with good flexibility and tensile
strength. It has been used to make monofilament sutures with good tenacity
and knotting, and it can be applied c¢linieally in place of multifilament
sutures made from poly{(glycolic acid) and poly{actide) (PLA). Because of its

15  good biocompatibility and physical properties, PPDQ is a candidate not only
for medical use but also for universal uses such as film, molded products,
laminates, foams, nonwoven materials, adhesives, and coatings.

PPDO is typically prepared by the ring-opening polvmerization of
1.4-dicxan-2-one (PDO) with a metallic catalyst such as Sndl) 2-

20 ethylhexanoate or Al{Et): or derivatives of T4, Zr,Cd, and Hg. Sn(ll) 2-

ethylhexanoate has been approved for surgical and pharmacological

applications by the U.S. Food and Drug Administration. The metallic
catalyst should be removed before use, particularly for medical applications.

Oxygen-containing heterocyeles (O-heteroeveles) form a class of

o]
o

compounds proven to be relevant in the polymers, fuel and in the medical
flelds [1].{21,[3],{4]. Some of these O-heterocyeles such as lactones and in
particular 1,4-dioxan-2-one can be used for synthesis of biodegradable
polvesters that find countless clinieal applications thanks to their
biocompatibility and strength properties [5],{6]. Bioahsorbahle polvmers
30 derived from 1,4-oxathian-2-one possess sumilar characteristics to
polvdioxanone, hut they are not as widely studied and commercially used,

probably due to the poor vield of synthesis of 1,4-oxathian-2-one[7i. The
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chemical routes to synthetize some of these compounds often require
expensive transition metal catalyste (Au or Pd catalysts) that increase the
production costs [8]. Moreover, biodegradable polymers for biomedical
applications need to be metal free [9].

Enzymatic synthesis of lactones as building blocks for polyesters
recently gained great interest as environmentally sustainable alternative to
current chemical methods. The most common biocatalysts to produce
lactones are Baeyer-Villiger monooxygenases (BVMOs) and alechol
dehyvdrogenases (ADHs) [10],1111[12],{13]. These two classes of enzvmes
require cofactor NAD(P)H regeneration systems if used as cell-free system.
However, this cofactor requirement makes these strategies less suitable for
commercial applications.

Nishida et al. (4. Polymer Science Part A Polymer Chemistry
33(9):1560-1667 - May 2000) reported that metal-free polyesters useful for
medical applications can be prepared by enzyvme-catalyzed polymerization,
More in particular, it was found that the harmful effects of metallic residues
in PPDO for medical applications can be avoided by carrying out the
enzymatic poelvmerization of 1,4-dioxan-2-one {PDO) at 60°C for 15 h with 5
wi % immobilized lipase CA derived from Candida antarctica. However, the
PDO monomers used in this enzymatic ring-opening polymerization were
still obtained in a chemical fashion by the oxidative dehvdrogenation of
diethylene giveol involving highly dispersed copper metal supported on
silica.

The present inventors therefore set out to develop a method for
the enzyvmatic synthesis of compounds that can serve as building blocks for
medical grade polymers such as PPDO. More specifically, they aimed at the
provision of a biocatalytic process for converting organic starting compounds
that are cheap and widely available into precursors for the (enzyvme-

catalvzed) production of metal-free PPDO and polymers related thereto,
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It was surprisingly found that these goals could be met by the use
of specific alechol oxidase (AOX) enzvmes to produce a hydroxyl acid by the
selective double oxidation of a single hydroxyl group of a 1,5-diol compound
as starting material. Diols are cheap and easy accessible feedstock that can
be transformed to lactones or hydroxy acids, which are precursors for
biodegradable polvmers. The hydroxyl acid product can serve as building
block for e.g. biodegradable polymers including PPDO.

As is shown herein below, AQX from Phanerochaete
chryvsosporium (PcAOXK; EC 1.1.3.13) or a mutant thereof, and a mutant
choline oxidase from Arthrebacter chlorophenolicus (AcCO; KC 1.1.3.17)
comprising mutations 31014, D250G, F235R, V355T, F357R and M359R
showed an unexpected promiscuity for different long chain dicls and
selectively oxidises these compounds to lactones or hydroxy acids. In
contrast, (sequence-)related AOX enzymes from other sources including
alcohaol oxidase from Hansenula sp., Pichia pastoris or Candida boidinii, did

not show any double diol oxidation activity under the same conditions.

Accordingly, the invention provides a method for the selective
oxidation of a diol substrate, comprising subjecting a 1,6-diol substrate of
the formula HO-CH:-CHy-X-CH2-CH»>-OH, wherein X = 0O, S or CHy, to a
FAD-containing alcohol oxidase (AOX) enzyme of the class EC1.1.3.13 or EC
1.1.3.17, or a mutant thereof, under conditions allowing for the double
oxidation of one hvdroxvl moiety of the diol substrate into an axidation
product, wherein said AOCX is AOX from Phanerochaete chrysosporium
(PeAOX: BC 1.1.3.13) or a mutant thereof, or wherein said AOX 1s a mutant
choline oxidase from Arthrobacter chlorophenolicus (AcCO; KC 1.1.3.17
comprising mutations S101A, D250G, F235R, V355T, F357R and M339R
(AcCO8).
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This appraach can replace expensive processes, because alcohol
oxidases are stable and contain a tightly bound flavin cofactor for which no
cofactor recyeling system is needed. For regenerating the oxidized {lavin
cofactor, dioxygen is used. The only side product in this reaction is hydrogen
peroxide, which easily degrades into water and dioxygen upon the addition
of catalase. The reaction process is clean, there are no other side products
other than water and dioxygen, and it can be coupled to further enzymatic
or chemical process(es) without prior purification of the oxidation product.

A method for the enzyme-catalyzed selective diol oxidation as
herein disclosed is not taught or suggested in the art. Desymmeirization of
diols 1s a challenging problem and selectively double oxidation of diols on
one hydroxyl group has never been done enzymatically by aleohol oxidases
for industrial interesting compounds.

Nguyen e al. (2018, Blochenustry. 57, 43, p. 6208-6218; see also
WO2019/212351) reported that alcohol oxidase from Phanerochaete
chrysosporium (PcAOX; EC1.1.3.13)1s a very promising enzyme for ghycerol
biotransformation, Thev describe the comprehensive structural and
biochemical characterization of from the white-rot basidiomycete. Steady-
state kinetics revealed that PcAOX 1s highly active towards methanol,
ethanol, and l-propancl, but showed very limited activity towards glycerol.
Based on the crystal strueture of the homo-octameric PcAOX, several
mutants with significantly improved activity towards glveerol were
designed, including the 1018 variant having a high ke value of 3 81 and
retaining a high degree of thermostability. Furthermore, the generated
mutant enzymes were found to also accept other small aliphatic aleohols
such as (£)-(—)-1,2-propanedici, vielding the corresponding lactaldehyde.
However, the documents are silent about activity towards a 1,5-diol of the
above formula, let alone that it teaches or suggests the formation of a double

oxidation product as disclosed in the present invention,
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In a study by Kawashima (Bioscl. Biotech. Biochem., 59 (5), 934-
935, 1995}, a screening of more than hundred micro-organisms revealed that
s1x strains, among which resting cells of Candida rugose IFQ 1364, are able
to oxidize thiodiglveol (TOG) and producel{2-hydroxyethyhthio] acetic acid
(HETA). However, the identity of the responsible enzyme(s) was not

investigated or otherwise revealed. Furthermore, nothing is disclosed about

P. chrysosporium or A. chlorophenolicus, let alone the AOX enzymes thereof.

The invention provides a method for the selective oxidation of a
diol substrate, comprising subjecting a 1,5-diol substrate of the formula HO-
CH»CH-X-CHy-CH2-OH, wherein X = O, S or CHb», to a FAD-containing
alcohol oxidase (AOX) enzvme, wherein said AOX is PcAOX or a mutant

thereof, or wherein said AOX is AcCORG.

According to the invention, a 1,5-diol of the formula HO-CHs-CH3-X-CHa-
CH:OH is contacted with a FAD-containing alcohol oxidase (AOX) enzyme
of the class EC1.1.3.13 or EC1.1.3.17, or a mutant thereof as defined herein
above, under conditions allowing for the double oxidation of one hydroxyl

moiety of the diol substrate into an oxidation product.

{n one embodiment, X 1s O or 8. For example, the 1,5-diol substrate s
diethylene givcol (X is O) to vield the oxidation product (2-
hydroxyethoxyiacetic acid. In another embodiment, the diol subsirate is
thiodiethanol, (also known as thiediglyeol; X is 8) to vield the oxidation
product [(2-hydroxvethyDthio]acetice acid, In a still further embodiment, the
diol substrate is 1,5-pentanediol {X 1s CHs) and wherein the oxidation
product is H-hydroxyvpentanoie acid.

The reaction can also be performed using a mixture of two or more
different diols of the formula HO-CHe-CHe-X-CH2-CHz-OH, thereby
providing a mixture of different oxidation products. The conversion can

reach full conversion for 25 mM of substrates during 24 hours, but these
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G
enzymes can convert also higher concentrations of substrates upon

prolonged reaction time.

A method of the invention is based on the surprising discovery that a FAD-
containing alechol oxidase (AOX} enzyme of the class EC1.1.3.13 or
’C1.1.3.17, or a mutant thereof as defined herein above has the unique
capacity to catalyze a douhle oxidation reaction on a single hydroxyl molety
of a hinear 1,5-diol substrate of the above formula.

In one emhbodiment, the AOX is AOX from Phanerochacte
chrysosporium (PcAOX; EC1.1.3.13) or a mutant thereof. For example,
wildtype PcAOX was shown to efficiently convert a 1,5-diol to the
corresponding 5-hydroxy acid as a single oxidation product, The Ao, K
observed was in the range of about 1 to 16 M-15%, depending on the
substrate used. In another embodiment, the AOX 1s a mutant PcAOX
showing a desived catalyiic activity towards the 1,5-dicl. For example, the
mutant comprises a substitution of the amino acid corresponding to Phe at
position 101 into Gln, Asn, His or Ser. Very good results are obtained with
mutant Phel01Ser PcAOX, which was previcusly described in relation to
glycerol conversion®!, As shown herein below, Phel(01Ser PcAOX (F1015)
showed selective double oxidation of all 1,5-diol substrates tested, with a
higher overall yield as compared to the wild-type enzyme.

In another embodiment, a method acecrding to the invention uses
a mutant AOX wherein said AOX is an engineered choline oxidase from
Arthrobacter chlorophenolicus (AcCO; EC 1,1.3.17). Preferably, the mutant
AcCO comprises the mutations S101A, D250G, F235R, V3a5T, F357R and
M359R. This six-amino-acid variant, herein referred to as AcCO8, was
previously disclosed 20 in relation to the oxidation of primary alcohols to

aldehydes.

Suitable reaction conditions can be determined by a person skilled in the
art. Typically, the reaction mixture cornprises a buffer in the range pH 6.5-

8, for example a 100 mM potassium phosphate buffer pH 7.5 is used. The
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oxidation can be performed at any suitable temperature, preferably in the
range of room temperature to about 40°C, for example around 35°C.
Conversions can be done at atmospheric oxygen concentrations, The
coneentration of the diol substrate can be varied according to needs, and
may range from e.g. 1 to 100 mM, preferably 2 to 50 mM. The AOX enzyme
used is suitably obtained as recombinant polyvpeptide, as was previously

described {21}

Onee the double oxidation produet is formed, a method of the invention may
further comprise the step of subjecting the oxidation product to a
subsequent enzymatic or chemical reaction. Preferably, said subsequent
reaction is a polymerization reaction. For example, the polymerization
reaction comprises the synthesis of a polymer that 1s biocompatible and/or
biodegradable. In a specific aspect, it comprises the synthesis of poly(p-
dioxanone) (PPDO) or a product or precursor related thereto.

In one embodiment, the oxidation product(s) are used wn the enzymatic
synthesis of biodegradable polymers. For example, it 1s used as precursor in
the lipase-catalyzed (bulk) esterification of linear aliphatic hyvdroxyacids as

desceribed by Mahapatro ef al. (Biomacromolecules, 2004, §, 62-68).

Alternatively, hydroxyl acids resulting from a method of the invention can
be easily chemically transformed to lactone with sodium bicarbonate, and
then lactones are used as monomers (Grablowitz et ol., J. Mater. Chem.

2007, 17, 4050-4056).

The Invention therefore also relates to the use of a FAD-containing alcohol
oxidase (ADX) enzyme of the class EC1.1.3.13 or EC1.1.3.17, or a mutant
thereof, in the enzyvmatic conversion of a diol to an oxidation product that
finds application in the synthesis of a biodegradable polymer. Provided is
the use of a FAD-contaaning alcohol oxidase (AOX) enzyme in the enzymatic
conversion of a diol to an exidation product that inds application in the

synthesis of biodegradable polymer, wherein said AOX 1s AOX from
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Phanerochaete chrysosporium (PeAOX; EC 1.1.3.13) or a mutant thereof, or
wherein said AOX is a mutant choline oxidase from Arthrobucter
chlorophenolicus (AcCO; EC 1.1.3.17) comprising mutations S101A, D250G,
F235R, V355T, F357R and M359R (AcCO6).

EXPERIMENTAL SECTION
Example 1: Diol substrate specificity

To determine the substrate specificity of AOX, a series of diol substrates
was incubated with wild-type or variant F1015 of aleohos! oxidase from
Phanerochaete chrvsosporium (PecAOX; KC1.1.3.13). Table 1 shows the list
of tested substrates and the conversion according to 1H NMR. NMR
analysis proved to be the best method for analysis and evaluation for this
type of compounds, This approach is fast and it allows for a guantitative and

gualitative analysis of the products.

PecAOX showed activity towards the shortest dicl tested (1,3-propanedisl),
but a mixture of products was ohtained in this reaction (very complex NMR
spectra without any defined product). Most hikely, the enzyme converts this
substrate to very active aldehyvde or dialdehyde species. Substrates 1 and 2
{1,4-dinls) were oxidized by PcAOX in a similar manner. In both cases the
product was obtained in the y-butyrolactone form. Under these conditions,
the reaction for substrate 1 was not completed (28 % of substrate remained
in the reaction), The intermediate was the main component for this
substrate and exists in a buffer environment as mixture of hemacetal and
gem-diol (ratio 3/1). Substrate 2 was instrumental in understanding the
reaction mechamsm. For substrate 2, complete conversion was reached and
the enzyme showed preference for the primary aleohol group in presence of
secondary alcohol groups. The product of the double oxidation was obtained
as a mixture of the lactone form and the hvdrolvzed form 4-

hydroxvpentancice acid {ratio 4:1} .
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Table 1. Results of AOX F1018 catalysed conversion of diols =1

Entry Substrate Intermediate Produet Intermediate Product
(2] (%)
e TIM
. O, .
¥ HO™ e o {F ¢ 64 10
ST TGHD
e o] O [ 3
2% b OH © S - =99l
Y ) )
3 D P O - >89
0., 0N
4 HO.v\_r,,/\vox'\\_r,()l‘i ] NG, - o eO0H . ‘;:.99
o
. r-’o"'-/ H
S - i HO~ g cans - =09
e, AZON S4R Dl
AHE ™ Qb 3¥
) HOL_ e AZQO0OH
G* HO. gy i CHE g . N
33
(T yecho e
{aldol)
BHC e g
g B e AH OMG. o o o . =>0Gie]
e e e

* denotes comparative example

[#] Reaction condition: substrate (20 mM)}, enzyme (40 pM), 160 mM potassium

phosphate bulffer pH 7.5, 48 h, 35 °C, Yields were determined based on 'H NME,

NMR was performed after the addition of D0 (15% v/v). {b] Cyelic to open product

ration 4:1. {c] same ratio of gem-dicl and aldehyde form of carhoxylic acid.

Surprisingly, for the 1,5-diol substrates 3, 4 and 3, the conversion was

complete and the product of double oxidation for these substrates was

obtained as single product in the form of the corresponding 5-hydroxy aeid.

Any other products (lactone, diacid or aldehyvde acid) were not cbserved by

TH NMR. These results were opposite from those obtained for substrates 1

and 2, which were obtained in the lactone form.
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Addifional experiments were performed to explain the different outcome for
these substrates. Initially, we tested the stability of commercially available
1,4-dioxan-2-one, which is the lactone form of the oxidation product of
substrate 4. This compound was found to be suscepiible to hydrolysis when
dissolved in bufler (Scheme 1). In less than 30 minutes, the lactone
compound completely hydrolvzed to hydroxy acid in the buffer environment
(100 mM KPi buffer pH = 7.5). The lactone was more stable in pure D20,
wherein complete hydrolysis was observed after some hours, Presumably, if
lactone is formed during the oxidation of 1,5-diols (substrates 3, 4 and 5), it
is hydrolyzed very fast fo yield a stable hydroxy acid. We also fracked the
oxidation reaction of substrate 4 over fime, and chserved that the
hemaacetal form exists as intermediate after a single oxidation step under
this condition. According to this data, we suppose that product of double
oxidation 1s mainly formed via the hemiaceial towards lactone and then

lactone ig hydrolyzed to 5-hydroxy acid.

2 L e M0 .0

Scheme 1. Catalytic route for oxidation of 1.5-diol substrates by AOX, X can

represent a carbon, oxygen or sulphur atom.

The 1.8-diol substrate 6 was included in the studies, because the
corresponding product lactone {e-caprolactone} has a relevant and
established commercial value in the polymer industry |22}, Unfortunately,
and quite unforeseen, the catalyvtic oxidation by PcAOX resulted in the
oxidation of both hydroxyl groups to aldehvde groups with the production of
adipaldehyde. Adipaldehyde could spontaneously undergo to product of aldol
condensation in buffer environment (non-enzymatie reaction) or can be
further oxidized to 8-oxohexanoie acid. The remaining aldehyde group on

the other terminal of the aliphatic chain is in equilibrivm with the gem-diol
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form {ratio ~1:1). At any rate, this 1,6-diol does not yield a single reaction

product like the 1,5-diol substrates 3, 4 and 5.

Similar to substrate 6, 1,8-octanedial (substrate 7) undergoes oxidation on

bothk hydroxylic groups yielding suberaldehyde, which then 1s further

A

oxidized on one aldehyde group resulting in a oxocarboxylic acid. The
remaining aldehyde group is also in equilibrium with the gem-diol form

{ratio ~ 1:1).

10 For selective oxidation of only one hydroxyl group, the formation of a very
stable hemiacetal intermediate 15 essential. If the hemiacetal form 1s not
stable, then the PcAOX preferably oxidises the other hydroxyl group to
dialdehyde, and at the end one of the aldehvde group 1s oxidized to
carboxylic acid via gem-diol. Once the carboxyiic acid is obtained, the

15 enzyme cannot accept this substrate for the further oxidation towards

diacid.

Example 2: Kinetic parameters of diol conversion by PcAQOX

The initial reaction rates (Table 2) were measured and fifted to the

20 Michealis-Menten equation to extrapolate ke and Ky values. To that end, a
HREP(horse radish peroxidase)-coupled assay was used. This assay measures
the reaction rate thanks to the hydrogen peroxide generated by AOX during
the substrate conversion, Hydrogen peroxide is used by HRFP (40 U/mL) to
catalyze the oxidative coupling reaction of 4d-amincantipyrine (0.1 mM) and

3,8-dichloro-2-hydroxybenzenesulfonic acid (1 mM). This reaction results in
3 . o

| ]
i

the formation of a pink quinoeid product that can be detected using a

spectrophotometer (€515 =26 mM~lem~1).

The values obtained for substrate 2 are in support of the catalytic
mechanism of the double oxidation going through the lactol intermediate.
30 Plausibly, the rate limiting step is the second one (lower ko) the oxidation

of the hydroxylic group of the lactol. This is confirmed by substrate 1 and by
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shorfer conversion experiments that showed accumulation of the lactol as
intermediate (same trend was obhserved for substrates 2-5). Indeed,
Substrate 2 compared to substrates 3, 4 and 5, showing kinetic parameters
in the same order of magnitude. However, the conversion reaction after a 48
h time period does not show the same amount of product formed, which
implies that the kinetics observed are relative to the first oxidation step.

and the second step oceurs with a lower rate.

Table 2. Steady-state kinetic parameters of wild-type and AOX F1015,

Entry Substrate Wild-type PcAOX F1018 PcAOX

:[{l'ﬂ }‘)(‘ al '1 4 CR fj I{f n I{j‘ﬂ kt‘, at k (31 ‘j‘ :{{ 14}
(mM) | &)y | (MeY) | (mM) | &) | (Mg

8 HO e OH =600 | >2.2 3.7 69.5 3.5 50
4 HO e OR 308 4.9 16 12.3 | 0.73 59
5 HO o~ g -OH >400 | >0.4 1 119 3.6 30

Values obtained using the HRP-coupled assay in 50 mM potassium

phosphate, pH 7.5,

Example 3: 1, 5-diol conversion by other oxidative enzymes

The 1,5-diol compounds 4 and 8 were also evaluated as substrates for other
oxidative enzymes: alditol oxidase (HotAldO) from Acidothermus
cellulolyticus 11B {24}, chitooligosaccharide oxidase (ChitQ) from Fusarium
graminearuwm [25], 5-hydroxymethyifurfural oxidase (HMFQ) wild type and
variant HMFQOS8hb from Methviovorus sp. strain MP688 [17][19], AOX alcohol
oxidase from Hansenwula sp. (EC 1.1.3.13), glucose oxidase form Aspergilius
niger (EC 1.1.3.4) [26], and choline oxidase (AcCO) wild type and an

engineered variant (AcCO8) from Arthrobacter chlorophenolicus [20] .
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No oxidation products of substrates 4 and § were detected 1 any of these
cases, except for ineubation with AcCO86, The six-fold mutant of choline
oxidase (EC 1.1.3.17) also proved to be able to perform the double oxidation
of 1,5-diols 4 and 5, albeit with lower yields: 5% of product 4 (38% of
intermediate) and 28% of product 5 (68% of intermediate) using the same

reaction conditions of AQX,

In conclusion, this study has revealed the potential of selected AOX enzymes
to selectively double oxidize one hyvdroxylic group in diol-substrates that can
form a stable hemiacetal in situ. The products obtained (e.g. y-butyrelactone
and y-valerolactone) find a direct application in the polymer industry {4]
{271, Very advantageous is the conversion by AOX of diethylene giveol and
thiodiethyieneglyvceol to their corresponding hyvdroxy acids, which are
interesting building hlocks for biodegradable polyvmers. The versatility of the
alcohol oxidases to perform these conversions provides a promising

industrial application.

Example 4: Activities of Related AOX enzymes

In order to demonstrate the unique properties of PcAOX, two sequenee-
related alecohol oxidases, also known as methanol oxidases, were evaluated
with respect to their substirate usage.

Two commercial AOXs from Sigma Aldrich (Alcohol Oxidase from
Pichia pastoris and Alcohol Oxadase from Candida boidinii} were tested
under the same experimental conditions as herein above, This involved the
following reaction mixture: subsirate (20 mM), enzvme (40 pM), 100 mM
potassium phosphate buffer pH 7.5, 48 h, 35 °C.

Enzvme activity was tested towards 1,5-diol substrates 3 (1,5-
pentanediol), 4 (diethylene glveol) and § (2.2'-thiodiethanol). Neither of the
Pichia pastoris and Candida boidinii enzymes showed any conversion of
these three diol compounds. Only the starting material was present after 48

h of tncubation.
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PeAOX wt and PcAOX F1018 were included as posifive control, and
complete conversion for all three substrates to the corresponding hvdroxy
acid products was confirmed. Furthermore, the two commercial AOXs were
also tested for activity towards methanol: both enzymes showed activity

towards methanol, showing that they were catalytically active but not

Tt

capable of performing the double diol oxidation reaction,
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Claims

1. A method for the selective oxidation of a diol substrate, comprising

subjecting a diol substrate of the formula HO-CHe-CHe-X-CHz-CH-OH,

A

wherein X = 0, 8 or CHg, to 8 FAD-contaaning alecohol oxidase (AOX) enzyme
under conditions allowing for the double oxadation of one hyvdroxyl moiety of
the diol substrate into an oxidation product, wherein saad AOX 158 AOX from
Phanerochaete chrysosporium (PcAOX; EC 1.1.8.13) or a mutant thereof, or
wherein said AOX is a mutant choline oxidase from Arthrobacter

10 chlorophenaolicus (AcCQO; EC 1.1.8.17) comprising mutations S101A, D250G,
F235R, V353T, F357R and M359R (AcCOB6).

2. Method according to claim 1, wherein X 18 O or 8.
15 3. Method aceording to claim 2, wherein the diel substrate is

diethylene giveol (X 18 O) and wherein the oxidation product is (2-

hydroxyvethoxy)acetic acid.

4, Method according to ¢laim 2, wherein the diol substrate is
20 thiodiethanol, (thiodigiveol) (X 18 S) and wherein the oxidation product is

{(2-hydroxyethylithiolacetic acid.

o, Method according to claim 1, wherein the diol substrate is 1,5-

pentandicol (X is CH2) and wherein the oxidation product is 5-

25  hydroxypentanoie acid.
6. Method according to any one of the preceding claims, wherein said
AOX 1s AOX from Phanerochacte chrysosporium (PcAOX; EC 1.1.3.13) or a
mutant thereof.

B0

~r
{

Method according to claim 6, wherein the mutant 1s Phel01Ser

PcAOX.
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3. Method according to any one of claims 1 to 5, wherein said AOX 1s
a mutant choline oxidase from Arthrobacter chlorophenolicus (AcCQO; EC
1.1.3.17) compriging mutations S101A, D250G, F235R, V3548T, F357R and
M3GOR (AcCO6).

5
a9, Method according to any one of the preceding claims, further
comprising the step of subjecting the oxidation product to a subsequent
enzymatic or chemical reaction,
0 10, Method according to claim 9, wherein said subseguent reaction is a

polymerization reaction.

11. Method according to claim 10, wherein said polymerization
reaction comprises the synthesis of a biocompatible and/or biodegradable

15 polymer.

12. Method according to claim 11, comprising the synthesis of poly{p-

dioxanone) (PPDO).

20 13, The use of a FAD-containing alcochol oxidase (AOX) enzyme in the
enzymatic conversion of a diol to an oxidation product that finds application
in the synthesis of biodegradable polymer, wherein said AOX is AOX from
Phanerochaete chrysosporium (PcAOX; EC 1.1.3.13) or a mutant thereof, or
wherein sald AOX is a mutant choline oxidase from Arthrobacter

25  chlorophenclicus (AcCOQ; EC 1.1.3.17) comprising mutations S1014, D250G,
F235R, V358T, F387R and M359R (AcCOB).

14. Use according to claim 13, in the enzvmatic conversion of a diol
diol substrate of the formula HO-CH2-CH:-X-CH2-CH2-OH, wherein X = Q),
a0 S or CHa.
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