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Using a nitrilase for the surface modification of acrylic fibres
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The surface of an acrylic fibre was modified with a commercial nitrilase (EC 3.5.5.1). The effect of
fibre solvents and polyols on nitrilase catalysis efficiency and stability was investigated. The nitri-
lase action on the acrylic fabric was improved by the combined addition of 1 M sorbitol and 4%
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N,N-dimethylacetamide. The colour levels for samples treated with nitrilase increased 156% com-
paring to the control samples. When the additives were introduced in the treatment media, the
colour levels increased 199%. The enzymatic conversion of nitrile groups into the corresponding
carboxylic groups, on the fibre surface, was followed by the release of ammonia and polyacrylic
acid. A surface erosion phenomenon took place and determined the “oscillatory” behaviour of the
amount of dye uptake with time of treatment. These results showed that the outcome of the ap-

plication of the nitrilase for the acrylic treatment is intimately dependent on reaction media pa-

rameters, such as time, enzyme activity and formulation.
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1 Introduction

Polyacrylonitrile (PAN) fibres are characterised by a com-
bination of desirable properties such as high resistance to
outdoor exposure and chemicals, excellent elasticity, nat-
ural-like aesthetics properties and colour fastness. How-
ever, due to its hydrophobic nature, PAN fibres also ex-
hibit undesirable properties such as uncomfortable hand
and static charge accumulation [1, 2]. The quality and
properties of acrylic fibres can be improved by chemical
means, for instance, using co-monomers, additives and
polymer blends, and by physical means (carried out at the
polymerisation, dope preparation and spinning stages)
[3]. The surface modification is also considered an impor-
tant tool to improve the quality and the processing prop-
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erties of natural and synthetic fibres [4]. Traditional
processes used to modify polymer surfaces are based on
the addition of strong chemical agents. The application of
enzymes in polymer modification has major advantages
compared to those agents, such as milder reaction condi-
tions, easier control, specific non-destructive transforma-
tions, and environmental friendly processes [5].

The nitrile metabolism is present in plants, fungi and
bacteria. The hydrolysis of nitrile groups to carboxylic
groups is the most common pathway for the microbial
degradation of nitrile compounds. This reaction can pro-
ceed through two distinct pathways: the direct conver-
sion catalysed by nitrilase (EC 3.5.5.1) and the two-step
conversion catalysed by nitrile hydratase (EC 4.2.1.84)
and amidase (EC 3.5.1.4) [6].

Few studies on the modification of acrylic fibre with
enzymes have been done and only the use of nitrile hy-
dratases was reported [4, 6, 7]. The modification of nitrile
surface groups into amide groups was accomplished by
the action of nitrile hydratase from Rhodococcus
rhodochrous (7], from Brevibacterium imperiale and
Corynebacterium nitrilophilus [4] and from Arthrobacter
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sp. ECU1101 [8], where the modified PAN polymers be-
came acid-dyeable fibres, with improved hydrophilicity.

Nitrilases are thiol enzymes that perform hydrolysis of
the nitrile group to the corresponding acid and ammonia
through the nucleophilic attack on the nitrile carbon atom
by the thiol group of a catalytic cysteine residue [9, 10].
Nitrilases belong to the first branch of the Nitrilase super-
family, which is the only one displaying true nitrilase ac-
tivity [11, 12]. So far, the described nitrilases consist of a
single folded polypeptide, which, in general, aggregates
to form the active enzyme [13]. The oligomeric form, in a
few cases, is subjected to substrate activation or is de-
pendent on the pH, temperature and enzyme concentra-
tion [13]. A few structures of members of the Nitrilase su-
per-family are already available. The subunits have a vari-
ant of the o+ fold: a compact oo sandwich and it is as-
sumed that the entire super-family uses a catalytic triad,
consisting of conserved glutamic acid, lysine and cys-
teine residues (12, 14-17].

In this study, the modification of nitrile surface groups
into carboxylic groups by the action of a commercial ni-
trilase, was investigated. The enzymatic modification of
acrylic fibres is a heterogeneous process and, for that rea-
son, requires longer treatments than one-phase catalysis.
The reaction medium was manipulated to improve nitri-
lase catalysis efficiency on this substrate. First, the opti-
mum pH and temperature were determined using a solu-
ble substrate. Second, the effect of additives, like PAN sol-
vents, on nitrilase stability and on enzymatic treatment of
acrylic fibres was also studied. The solvents were intro-
duced as fibre plasticizers to increase the accessibility of
the fabric to the enzyme. Finally, to gain an understand-
ing of the kinetics of the fibre surface modification, an en-
zymatic treatment was performed without additives.

To our knowledge, this is the first report on direct en-
zymatic modification of ~CN groups into ~COOH on fi-
bres. It constitutes a promising approach to make the
acrylic fibre more hydrophilic, enhancing the basic dye
uptake of PAN-treated fabrics and producing surface-re-
active chemical sites for other finishing processes.

2 Materials and methods
2.1 Reagents

The enzyme used in this work was a commercial nitrilase
(EC 3.5.5.1): Cyanovacta Lyase, supplied by Novacta
Byosystems Ltd. (Hatfield, UK). The Acrylic taffeta fabric
used was a copolymer of PAN and 7% vinyl acetate, with
82 g/m? and 36/36 ends/picks per cm, supplied by Fisipe
(Lavradio Portugal). The cationic dye Basic Blue 9,
C.I. 52015, was from Carlo Erba (Milan, Italy). All other
reagents were laboratory grade reagents from Sigma-
Aldrich (St. Louis, MO, USA).
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2.2 Nitrilase activity assay

Nitrilase activity was determined by the quantification of
the ammonia released into the reaction medium, using
benzonitrile as the substrate. The reaction was started by
the addition of 0.25 mL of a buffered nitrilase solution con-
taining 0.08 mg/mL total protein to 0.25 mL 19.4 mM ben-
zonitrile in 50 mM phosphate buffer pH 7.8. The mixture
was incubated for 1-10 min in a water bath at 30°C. The
reaction was stopped by adding 0.1 mL 2 M HCI. The am-
monia was quantified using an enzymatic kit from Sigma
Diagnostics (cat. no 171-A). All the assays were per-
formed in triplicate. One unit of nitrilase activity was de-
fined as one uM of NH, released per minute.

2.3 pH and temperature profile

Nitrilase solutions with 0.08 mg/mlL. total protein were in-
cubated for 10 min at 30°C in 300 mM Britton-Robinson
buffer solution of constant ionic strength. The pH range
tested was between 4.5 and 10.6.

The effect of temperature was investigated within
the range of 20°-60°C. Preparations of nitrilase with
0.08 mg/mL total protein were incubated in 50 mM phos-
phate buffer at pH 7.8 for 10 min, at the corresponding
temperatures. The nitrilase activity was measured as de-
scribed previously.

2.4 Stability of nitrilase

The operational stability of nitrilase was investigated in
the presence of two organic solvents and several polyols.
The enzyme was incubated at a final total protein con-
centration of 0.08 mg/mL in 50 mM phosphate buffer
pH 7.8 and different amounts (4-15%) of N,N-dimethyl-
acetamide (DMA) or N,N-dimethylformamide (DMF) or
1 M polyol. The polyols studied were glycerol, sorbitol and
ethylene glycol (EG). The enzyme was also incubated at
the same final concentration with 4% DMA and 1 M
sorbitol. For each assay, the final volume was 25 mL, kept
in 50-mL polypropylene containers. The control was iden-
tically prepared except that buffer substituted the en-
zyme. The incubation took place in a water bath at 30°C
with an orbital agitation until the drop in nitrilase activi-
ty was above 50%. The enzyme activity was assayed at
appropriate time intervals as previously described.

2.5 Effect of additives in the enzymatic treatment of acrylic
fabric

All samples of acrylic fabric used were previously washed
to remove impurities. The washing was performed at
60°C with an aqueous solution of a non-ionic detergent
1.0 g/L Lutensol AT25. After removing the detergent, the
fabric was washed in distilled water and allowed to air dry.
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The treatment of acrylic fabric was carried out in
stainless steel pots of 450 mL capacity in Rotawash MKI-
II (vertical agitation simulating European washing ma-
chines, from SDL International Ltd.), operating at 30°C
and 20 rpm, for 116 h. The samples of acrylic fabric, aver-
age weight 9 g, were incubated with 24 U nitrilase/g fab-
ric in a final volume of 360 mL 50 mM phosphate buffer
pH 7.8. Three different media were tested: no additives,
4% DMA + 1 M sorbitol, and the control without enzyme
and without additives.

After the enzymatic treatment, all fabric samples were
immediately washed to remove the adsorbed protein. The
samples were left under running tap water for several
minutes and they were then washed with 2 g/L sodium
carbonate and distilled water, for 60 min each, at 60°C.

2.6 Enzymatic treatment of acrylic fabric

All samples of acrylic fabric used were previously washed,
as already described. The acrylic fabric was treated with
412 U nitrilase/g fabric in 50 mM phosphate buffer pH 7.8,
at 40°C. The acrylic fabric samples were treated in inde-
pendent containers, one piece of fabric and bath solution
for each time determination, in the Rotawash MKIII. Sam-
ples of acrylic fabric with an average weight of 2 g were
incubated in a final volume of 100 mL of treatment solu-
tion, at 20 rpm for O, 2, 4, 8, 24, or 36 h.

After enzymatic treatment, all fabric samples were
washed twice in 2 g/L sodium carbonate for 20 min, once
in 4 g/L Lutensol AT25 for 20 min and three times in dis-
tilled water for 25 min, in the Rotawash at 70°C. Before
and in between the changes of the washing solution, the
samples were left under running tap water.

2.7 Quantification of total protein concentration

Total protein in solution was quantified following Bradford
methodology [18], using BSA as standard. All samples
were measured in triplicate.

2.8 Determination of ammonia concentration in the bath
solutions

Detection of ammonia in the reaction media of the first
acrylic fabric treatment (see Section 2.5) was performed
using the enzymatic kit from Sigma Diagnostics.

For the second nitrilase treatment (see Section 2.6),
the Nessler method was adapted and applied to quantify
ammonia [19]. Protein was previously precipitated using

www.biotechnology-journal.com

trichloroacetic acid and the supernatants were then sub-
jected to pH neutralisation with 250 mM sodium hydrox-
ide. The standard solutions were prepared using anhy-
drous ammonium chloride and were submitted to the
same protein precipitation procedure and pH adjustment.
For the Nessler determination, 0.5 mL samples/standards
were diluted with 4.5 mL distilled water in glass tubes and
10 pL Rochelle salt (aqueous solution: 50% potassium
sodium tartrate tetrahydrated) were added. After mixing
well, 0.2 mL Nessler reagent was added to each tube. The
colour was allowed to develop for 10 min and the ab-
sorbance was registered at 425 nm.

2.9 Determination of polyacrylic acid concentration in the
bath solutions

Detection of polyacrylic acid (PAA) in the reaction medi-
um was performed by absorption-colorimetric method us-
ing a kit from Hach Company, USA (cat. no. 22252-00 and
no. 22257-00). The standards were prepared from aqueous
solutions of PAA (average molecular weight 2000 g/mol).

2.10 Determination of fabric weight differences

The weight differences of the fabrics due to enzymatic
treatment were determined by the weight difference be-
tween the dry fabrics before and after the enzymatic treat-
ment. The fabric pieces were whipstitched with the same
acrylic yarn. After the washing procedures, the samples
were dried at 60°C for 3 h in a laboratory oven and they
were then conditioned in a glass desiccator for 30 min.
This procedure was repeated until there was no further
significant weight difference.

2.11 Acrylic fabric staining with a basic dye

After the enzymatic treatment, samples were competi-
tively stained in duplicate with 1% of weight of fabric
(o.w.f.) of Basic Blue 9, C.1.52015. The staining was per-
formed in a lab-scale dyeing machine (AHIBA Spec-
tradye, from Datacolor International) at 20-30 rpm, with a
temperature gradient of 4°C/min. For a more detailed pro-
cedure, see Table 1.

After staining, all samples were washed twice with
4 g/L Lutensol AT25, for 20 min each, and several times
with water at 70°C in the Rotawash, until no more colour
could be detected in the solution. The colour measure-
ments were carried out with a reflectance spectropho-
tometer having a standard illuminant D65 (Spectraflash

Table 1. Staining conditions for acrylic fabrics with Basic Blue 9, C.I. 52015, according to each enzymatic treatment performed

Enzymatic treatment Temperature (°C) Fabric weight (g) Staining volume (mL) Time (min)
1st treatment 80 100 75
2nd treatment 70, 75, 80, 90 100 90

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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600 Plus, from Datacolor International). The colour
strength was evaluated as K/S at the maximum absorp-
tion wavelength (660 nm). The ratio between absorption
(K) and scattering (S) is related to reflectance data by ap-
plying Kubelka-Munk'’s law at each wavelength, and it is
proportional to dye concentration [20].

3 Results and discussion
3.1 pH and temperature profile of nitrilase activity

Enzymes as proteins have properties that are quite de-
pendent on the environment. Among other factors, slight
changes on pH and temperature can affect the perform-
ance of an enzyme. The effect of the solution pH on the
initial activity of nitrilase was studied within the pH range
of 4.5-10.6. Nitrilase was active in a wide pH range, and
kept more than 75% of its maximum activity between 7.5
and 10.6. The maximum initial activity of nitrilase was ob-
served in the pH range 8-10, with pH 9 being the opti-
mum pH value, for which the activity was 15 U/mg total
protein. Nitrilases are in general very labile enzymes, es-
pecially at high purity levels [21-23], with pH optimum
values ranging between 7.5 and 8 [6, 13]. The commercial
enzyme used throughout this work is supplied as cell
preparation and, according to the results obtained, this
nitrilase has a relatively high optimum pH, resembling ni-
trilases from fungi and from the bacteria Klebsiella ozae-
nae [24, 25]. According to the suppliers, the enzyme solu-
tion should be maintained in the pH range 7-8; thus
pH 7.8 was chosen to perform all the enzymatic treat-
ments.

The temperature effect on the initial nitrilase activity
was studied between 20° and 60°C. The maximum for-
mation of ammonia occurred between 40° and 45°C. The
highest value of activity was 33 U/mg, obtained at 45°C.
Above this temperature, there was a sharp decrease in ni-
trilase activity. In the literature, the optimal temperatures
for mesophilic nitrilases vary considerably but there is
some agreement in considering this group of enzymes
very sensitive to this parameter [26]. The stability range
of temperatures is often below the optimum values.

3.2 Stability of nitrilase

Operational stability, defined as the persistence of en-
zyme activity under the conditions of use, was studied
before applying the enzyme to acrylic fabric treatment
[27]. The effect of the addition of two organic solvents and
polyols on nitrilase activity was studied by comparing the
half-life time, as a measure of stability. The values of half-
life time were calculated from first order exponentional
decay fitting of data, using OriginPro 7.5 SRO (OriginLab
Corporation, Northampton, USA). The decay of nitrilase
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activity obeyed to this exponential model of enzyme de-
activation.

The addition of both organic solvents, DMA and DMF,
to the enzyme solution decreased the initial activity and
the half-life time of nitrilase. For many enzymes, deacti-
vation in homogeneous water-organic solvent mixtures
may be due to the disruption of the quaternary structure,
disruption of the protein hydrophobic core and/or to the
water stripping [28]. This effect was more pronounced as
the organic co-solvent concentration increased. The de-
crease in the half-life time is almost linear with the in-
crease in the organic solvent concentration (Table 2).
Comparing the two solvents, the decrease of nitrilase ac-
tivity was faster and more pronounced when DMF was
added. Therefore, DMA should be used instead of DMF for
enzymatic treatments of acrylic fibre. The investigated or-
ganic solvents were chosen because of their action on the
fibre structure. They are known solvents of PAN and they
are commonly used in industrial production of acrylic fi-
bre (3, 29]. Their plasticizer function disturbs the regular
structure of the polymer, reducing the magnitude of in-
terchain bonding, which should aid the accessibility to
the enzyme, improving its action on the fibre.

The initial activity of nitrilase increased in the pres-
ence of all the studied polyols, particularly, sorbitol and
glycerol. This effect could be due to the better solubility of
the substrate benzonitrile in the media containing sor-
bitol and glycerol, compared to EG. The highest half-life
time values were obtained with the addition of sorbitol
and EG. Sorbitol showed the best performance as a nitri-
lase stabiliser for long-term treatments. The half-life time
increased almost three times (from 15 to 44 h) in the pres-
ence of sorbitol. It has been found that the addition of high
concentrations (usually higher than 1 M) of some low mo-

Table 2. Influence of organic solvents and polyols on initial activity and
half-life time of nitrilase, at 30°C and pH 7.8. The initial activity and the
half-life time for the control were 12.6 U/mg and 15 h, respectively?.

Assay conditions Initial Half-life
activity (%) time (%)

Control No additives 100 100
DMF 4% 87 30
10% 78 19

15% 59 9

DMA 4% 84 90
10% 89 55

15% 87 19

Polyols (1 M) Glycerol 122 101
Sorbitol 122 294
EG 107 160
4% DMA + 1 M sorbitol 105 249

a) The SDs for the initial activity and half-life time values were <5% and <7%,
respectively
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lecular weight compounds in solution stabilises the na-
tive conformation of globular proteins [30]. This stabilis-
ing effect is related to the general role of polyols as a wa-
ter-structure maker [30, 31].

A combined effect of the organic solvent and the sta-
biliser was studied in order to check the possibility of a
compromise between an increase in the accessibility of
the nitrilase to acrylic fibre and a good operational stabil-
ity of the enzyme. The least deleterious condition studied
was 4% DMA. The addition of 1 M sorbitol to this medium
proved to be beneficial (Table 2). The initial activity was
slightly improved and the half-life time, although shorter
than the one obtained in the presence of only sorbitol, was
still 249% of the half-life time for the control (no additives).
The half-life time of nitrilase without additives increased
from 15 to 38 h in the presence of the additives. Therefore,
these conditions were chosen for the enzymatic treat-
ment of acrylic fabric.

3.3 Effect of additives on the modification of acrylic surface
with nitrilase

The hydrolysis of nitrile groups from the acrylic fibre
should result in the formation of carboxylic groups at the
fibre surface and in the release of ammonia to the treat-
ment solution.

The formation of carboxylic groups at the fibre surface
was evaluated by staining the fabric with a basic dye,
which has a cationic group able to establish ionic bonds
with anionic groups on the fibre. If nitrilase is able to mod-
ify some of the nitrile groups into carboxylic groups, at the
surface, then more dye can be absorbed into the fibre, and
this could be seen as an increase in K/S. The staining
‘titration’ methodology has already been reported [32, 33]
and proved to be a valuable and a very sensitive qualita-
tive method.

For samples treated with nitrilase without additives,
the K/S value increased 156% at the dyeing temperature
of 80°C (Table 3). The dye uptake was even more pro-
nounced by the addition of sorbitol and DMA to the enzy-
matic treatment. At 80°C, the increase of the staining lev-
el was 17%, when compared with the nitrilase treatment
without additives. This confirms the improved catalysis
performance provided by the additives, probably through
an increase in the fibre surface area available for the ni-
trilase attack.

Evidence of hydrolysis was also obtained by the for-
mation of ammonia. The ammonia concentrations are re-
ported in Table 3. It was not possible to determine the am-
monia in the solution from the treatment with additives,
because they interfered with the kit reagents.

From the expected reaction products, the weight of
acrylic fabric should, in theory, increase. The results ob-
tained showed the opposite (Table 3). There was a slight
weight loss instead of a weight gain.

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 3. Effect of the additives on the enzymatic modification of acrylic
fabric. The parameters evaluated were the staining level of acrylic fabric,
measured by K/S values, the fabric weight loss and the ammonia release.
The acrylic fibre was treated with 24 U nitrilase/g fabric, at pH 7.8 and
30°C

Enzymatic treatment

Control — -
No additives DMA + sorbitol
K/Seg0 9.8 25.1 293
Weight loss (%)? 0.3 0.4 0.9
Ammonia (mM)?3 0 15.3 nd

a) The SDs for the K/S, weight loss and ammonia concentration values were
=<10%, <15% and <11%, respectively.

The above results suggested that some modified poly-
mer chains could be solvated and could become soluble in
the form of PAA or a copolymer of acrylic acid and acry-
lonitrile. To verify this hypothesis, another assay was per-
formed and samples of acrylic fabric and treatment solu-
tions were collected at different times of enzymatic incu-
bation. This study is reported in the next section.

3.4 Kinetics studies of acrylic surface modification

As in all heterogeneous catalysis, it is necessary to con-
sider two general steps for the nitrilase catalysis to occur:
the physical adsorption of nitrilase to acrylic fibre surface
and the formation of the enzyme/substrate complex and
consequent hydrolysis of the nitrile group.

The protein adsorption was indirectly calculated by a
decrease in total protein remaining in the treatment solu-
tion (Fig. 1). In the first 8 h of treatment, there was a sharp
decrease in the protein content in the treatment solution.
Afterwards, the equilibrium around an average value was
reached, with some oscillations due to alternating ad-
sorption and desorption phenomena [34]. The equilibrium
value of protein concentration in the solution was about
9 mg/L, meaning a total protein adsorption of 80%, at
40°C.

There was no significant ammonia release before 8 h
of treatment (Fig. 1). It is interesting to notice that the re-
lease of ammonia into treatment solutions was coincident
with the achievement of the adsorption equilibrium. This
lag phase is also seen in homogeneous catalysis of nitri-
lases whose activity onset depends on the assembly of its
oligomeric active form [21]. The ammonia release is a
good indicator of successful nitrilase catalysis, which
should render an improvement of the acrylic dyeability. It
also shows that a certain amount of those 80% of total pro-
tein adsorption must be nitrilase and that the enzyme is
able to recognize the nitrile groups of acrylic fabric as the
substrate.

The linear release of ammonia also implies the ab-
sence of activity decay during the 36 h of treatment. Since
its half-life time in solution was 15 h, it is feasible to as-
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Figure 1. Total protein and nitrogen concentrations in the treatment solu-
tions. The acrylic fibre was treated with 412 U Cyanovacta Lyase/g fabric,
at pH 7.8 and 40°C.

sume that the adsorption of the enzyme to acrylics led to
an increase in its stability, resembling the immobilization
procedures used to stabilise proteins.

In Fig. 2, the values of K/S are represented as a per-
centage of the initial value. The relative K/S had a waving
behaviour with incubation time. This behaviour was at-
tenuated with the increase in the staining temperature,
as expected. Enzymes are large molecules and they will
not penetrate inside the tight structure of PAN fibres.
Therefore, the chemical changes catalysed by nitrilase
are located at the surface. At lower temperatures, the ad-
sorption of dye occurs mostly at the fibre surface where
the enzymatic catalysis takes place, producing different
K/S values between samples treated with enzyme and
controls. The significant raise in dye diffusion that occurs
at or about the glass transition temperature (Tg) is often
referred as the dyeing transition temperature (T ) [3]. Both
transition temperatures, T 9 and T, indicate the onset of
segmental mobility of the polymer chains and the conse-
quent increase of the free volume within the polymer [3].
Approaching these temperatures, the colour depth in-
creases sharply for both enzymatic treated and untreated
samples and camouflages the differences in K/S due to su-
perficial changes. This is the reason for the observed de-
crease in the amplitude of the oscillation of relative K/S
with increasing staining temperatures (70-80°C). At
90°C, which is above T, the differences are absent.

The oscillation of relative K/S values with time of treat-
ment could be explained assuming that above a threshold
conversion of nitrile groups into carboxylic groups, the
polymer chains would be more stable in solution and
would be detached from the surface of the fibre. The mod-
ification of CN into COOH groups could create some in-
stability in the arrangement of PAN chains at the fibre sur-
face, mainly due to steric hindrance and pH-dependent
charge repulsion. It was possible to detect increasing con-
centrations of PAA in treatment solutions (Fig. 3). The re-
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Figure 2. Relative K/S values for acrylic fabric treated with nitrilase
Cyanovacta Lyase, at pH 7.8 and 40°C. Samples and controls were com-
petitively dyed at 70°, 75°, 80° and 90°C. Relative K/S is calculated as

(K/Senzyme)/(K/sconlro\) (%)'

moval of carboxylic groups from the surface of the fabric
could be the cause of the lower points on the K/S curve.
When the PAA macromolecules leave the surface, the un-
derneath PAN chains are exposed to further nitrilase
catalysis. This leads to an increasing number of car-
boxylic groups, thus, to an increase of K/S, until the
threshold value for chain solubilization is again achieved.

A maximum K/S point was observed for the 8 h treat-
ment. For longer incubation periods, the “wave ampli-
tude” tends to decrease, as the “length” tends to increase
with time. This could be related to modifications in the fi-
bre surface, since there was not an activity decay of the
enzyme. However, the particular phenomenon that ex-
plains why this happens is still unclear.

The hypothetical model of “surface erosion” of acrylic
fibre, described here, is very similar to the ones applica-
ble for synthetic polymers biodegradation [35, 36]. The
acrylic fibre surface is depleted layer by layer, depending
on factors such as micro-structural properties of PAN co-
polymers, molar mass of the polymer chains, enzyme ad-
sorption, nitrilase deactivation, removal and dissolution of
products.
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Figure 3. Relative K/S for acrylic fabric dyed at 70°C and polyacrylic acid
concentration in the treatment solutions. The acrylic fibre was treated with
412 U Cyanovacta Lyase/g fabric, at pH 7.8 and 40°C.
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4 Concluding remarks

To our knowledge, this is the first report of the biomodifi-
cation of acrylic fabric with nitrilase. Previous studies
used another class of enzymes, nitrile hydratases [4, 6, 7].
The modification of the fibre surface was demonstrated
by the improvement in the basic staining of the fabric
and, indirectly, by the ammonia release into the treatment
solution.

In spite of the increasing interest in nitrilase enzy-
matic systems and its successful industrial applications
using whole cells [37, 38], there is still much to discover in
the understanding and improvement of the nitrile conver-
sion by purified or semi-purified nitrilases. The work re-
ported here also evaluates the stabilisation efficiency of
various additives and the influence of two organic co-sol-
vents in the activity of a commercial nitrilase. From the
additives studied, the best stabilising performance was
induced by sorbitol. Another important aspect is the fact
that the organic solvent DMA, used in acrylic fibre indus-
try, revealed no significant loss in initial enzyme activity,
when used in small amounts. The addition of sorbitol and
DMA proved to be beneficial for the acrylic surface mod-
ification with nitrilase.

It has also been demonstrated in this study that a suc-
cessful application of nitrilase to acrylic surface modifica-
tion would be dependent on the control of important fac-
tors like time and enzyme activity. The nitrilase action
seems to induce “surface erosion” of PAN fibres, by the
dissolution of the modified polymer molecules. This hy-
pothesis is confirmed by the detection of PAA in the treat-
ment solutions.

Further studies will be necessary to evaluate the im-
pact of nitrilase activity on the physical properties of the
fabric and to assess if some amide groups are also pro-
duced as by-products of nitrilase hydrolysis.

From the above considerations, the stabilised nitrilase
appears to have potential in textile industry for the modi-
fication of PAN fibres. The wet spinning would be the
most adequate industrial process for the introduction of
such enzymatic treatment, although it would demand a
very fast enzymatic modification (a few minutes). The ac-
cessibility of the fibre would be greater than that of the
woven fabric used in this study. If the application of the
enzyme occurred when the fibre is still in a gel state, a
considerable reduction in the time needed to maximize
the enzymatic conversion into carboxylic groups could
occur. In addition, after coagulation, there are other pos-
sible stages for the application of an enzymatic treatment,
during which several finishing processes normally take
place. The nitrilase stability would not be so compromised
by the amount of solvent present as in earlier stages. In
any case, a careful study is needed to evaluate the feasi-
bility of such application, but the work reported here
gives encouraging perspectives.

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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