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Abstract
In the paper the thermal deactivation of chitin deacetylase separated from Absidia orchidis vel 
coerulea was investigated. Experiments were carried out at a temperature of 50ºC up to 24 
hours. Three mechanisms of deactivation were tested: irreversible first-order, reversible first-
order, and three-parameters phenomenological model. It was found that the last one gave the 
best approximation of the deactivation process. The parameters of the model were evaluated and 
the model was also confirmed by independent experiments.

Key words: chitin deacetylase, activity, thermal deactivation, chitosan.



Progress on Chemistry and Application of Chitin and Its ..., Volume XV, 2010198

M. M. Jaworska

1. Introduction
 Thermostability of an enzyme is one of the most important parameters when think-
ing about the long term processes carried out in a bioreactor. In many cases it will be the 
significant factor in deciding on the industrial applications of an enzyme.  It also can give 
interesting information on the enzyme structure and can be useful in such considerations.

  Chitin deacetylase is an enzyme hydrolyzing the linkage between the acetyl and 
amine groups in the N-acetylglucosamine unit of chitinous polymers, transforming it into 
the glucosamine unit. 

- GlcNHAc chitin deacetylase - GlcNH2   +   AcOH

 This transformation can be used for enzymatic modification of chitosan to obtain 
a polymer with a lower degree of acetylation. Chitin deacetylase has been isolated from 
several fungi: Mucor rouxii, Absidia orchidis, Colletotrichum lindemuthianum  and oth-
ers. Although this enzymatic method of chitosan modification has many benefits, it has not 
been investigated intensively and the number of papers focused on the application of chitin 
deacetylase in practice is limited. Most of them are focused on basic characterization of the 
enzyme or on its genetics, and there are only a few papers in which the thermostability of 
the enzyme has been evaluated.  

 Tokuyasu et al. [1] showed that chitin deacetylase produced by Colletotrichum 
lindemuthianum does not change its activity during 20 min in 45 ºC, whereas increasing the 
temperature caused a decrease in enzyme activity during 20 min incubation: at 60 º it lost 
50% and at 70 ºC it lost 80% of its initial activity.

 Chitin deacetylase produced by Colletotrichum bertholletiae [2] was found to be 
even less stable: its activity decreased to 90%, 85% and 45% respectively of the initial value 
during 60 min incubation in 40 ºC, 50 º or 60 ºC.

 Chitin deacetylase produced by Scopulariopsis brevicaulis [3] retained its activ-
ity up to 55 ºC during 60 min incubation, but further increase in temperature up to 70 ºC 
resulted in a 95% decrease in its activity; the enzyme became, in effect, inactive (retaining 
only 5% of its initial activity).

 For intracellular chitin deacetylase such investigations have only been carried out 
for the enzyme separated from Mucor rouxii. Kołodziejska et al. [4] found that the enzyme 
was stable during 10 min incubation in 40 ºC but it was deactivated in higher temperatures: 
15% at 50 ºC and 70% at 60 ºC. Chitin deacetylase separated from the same microorgan-
ism by Martinou et al. [5] was more stable. Deactivation to 70% of the initial value was 
observed during the first 6 hours of incubation at 50 ºC and remained at this level of activity 
up to 23 hours incubation. The researchers showed also that the enzyme lost only 10% of its 
initial activity during 23 hours incubation at 37 ºC. 

 Presented data shows that the thermostability of the chitin deacetylase strongly 
depends on the enzyme origin and/or its type: extracellular or intracellular. But all of them 
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show thermal deactivation at temperatures of 45 - 50 ºC. The mechanism of this deactivation 
or the correlation showing changes in activity with time, have not been  proposed to date.

 The aim of the present work was to investigate the thermal deactivation of chitin 
deacetylase separated from Absidia orchidis vel coerulea fungus. The mechanism of ther-
mal deactivation (first order irreversible, first order reversible, complex) was also consid-
ered. Some structural predictions on the basis of experimental data will also be mentioned.

2. Materials and methods
2.1. Chitin deacetylase
 Chitin deacetylase is not commercially available and was isolated from Absidia 
orchidis vel coerulea NCAIM F 00642 (National Collection of Agricultural and Indus-
trial Microorganisms, Budapest/Hungary). The fungi were cultivated in a 7.0 dm3 batch 
culture (26 ºC, pH 5.5, YPG nutrient medium [6]) and separated from the nutrient me-
dium by centrifugation (6000 .r.pm., 20 min, 4 ºC). Next the biomass was frozen, then 
slowly thawed and homogenized and the crude cell extract was separated by centrifugation  
(6000 r.p.m., 20 min, 4  ºC) and salted out with ammonium sulphate (80% saturation) over-
night at 4 - 6 ºC. The solution was diafiltrated with HCl (pH 4.0) to remove ammonium 
sulphate (using a membrane module with a cut-off of 10 kDa) and then concentrated by 
ultrafiltration. The enzyme solution, adjusted to pH 4.0 (optimal pH) with HCl, was used in 
all experiments.

2.2. Chemicals
 The chitosan used in all experiments was kindly donated by Gillet-Mahtani-Chi-
tosan (France/India). It was of medium molecular weight (viscosity of 1% solution in 1% 
acetic acid solution at 25  ºC μ = 85 Pa × s, according to the manufacturer specification), 
and DA = 39.8% (determined by FTIR using the procedure of Domszy and Roberts [7]). 
Chitosan (5g) was mixed with 500 cm3 of HCl solution (pH 4.0). Next 0.1M HCl was added 
in small portions (1-2 cm3) to complete the polymer dissolution (pH was controlled during 
the dissolution and kept constant at pH 4.0 ± 0.1) and it was adjusted to a final volume of 
1.0 dm3 with HCl solution (pH 4.0).

 All other chemicals were analytical grade and purchased from POCH (Poland).

2.3. Thermostability
 Enzyme solution was divided into 5 cm3 samples and these were immersed in 
a water bath (50 ºC). Every hour one sample was taken away and the activity of the enzyme 
was investigated: 100 cm3 of the chitosan solution prepared as described above was pre-
heated separately for 20 min. at 50 °C. The reaction was initiated by adding the enzyme to 
the polymer solution and was carried out at 50 °C in a stirred (200-250 r.p.m.) thermostat-
ed (50 ºC) batch reactor. At preselected time intervals the reaction mixture was sampled  
(2 cm3) and the reaction stopped immediately by adding 0.10 cm3 1.0 M NaOH. The pre-
cipitated chitosan was separated by centrifugation and the released acetic acid concentration 
in the clear supernatant solution was measured. 
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 The specific activity of the chitin deacetylase was defined as the concentration 
of the enzyme that increases the acetic acid concentration by 0.1 mmol/dm3 per 1 minute 
during reaction with a chitosan solution with a concentration of 5.0 g/dm3 (concentration of 
GlcNAc mers was 11.14 mmol/dm3); 1U = 0.1 in (µmol AcOH/cm3)/(min×mg/cm3).

2.4. Analytical methods
n Protein concentration was determined according to the Bradford microassay method us-

ing a readymade reagent from Biorad (USA, cat. No. 500-0006) and bovine serum albu-
min as a standard.

n Acetic acid concentration in the clear solution was analyzed using HPLC using an 
isocratic system (Varian ProStar 210) with HyperREZ XP Organic acid column (60 
°C) and HyperREZ XO Carbohydrate H+ Guard Column, 0,0025M H2SO4 as eluent 
(0.5 cm3/min), and refractometer detector (Varian ProStar 350). The quantification limit 
was evaluated at 5 nmol/cm3 with a standard deviation of 8% of the mean value.

 The method was validated for acetic acid determination in chitosan-HCl (pH 4.0) 
solutions.

3. Results
 The experiments focused on the investigation of the thermostability of chi-
tin deacetylase were performed at 50 ºC. The enzyme solution was divided into several 
equi-volume samples and these were kept in a water bath (50 ºC). Starting from time zero  
(t = 0 min) samples were taken from the water bath and their activity measured at one hour 
intervals. Experiments were performed on three series with enzyme having different initial 
activity. The proposed models were evaluated on the basis of the experimental data obtained 
for the enzyme with the highest initial activity (U01 = 46.83). Data obtained for enzymes 
with lower initial activities (U02 = 43.16, U03 = 17.18) were used as independent data that 
served as a test of the proposed model.

 In the first step the first order irreversible model was tested. This model is often 
used to describe the deactivation of enzymes. The first order model is described by the equa-
tion:

-dU/dt = k ×U or ln(U/U0) = -k × t                                          (1)

where: 
U  – specific activity, [-];
U0  – initial specific activity, [-];
k   – deactivation constant, in 1/min;
t   – time, in min.

 For such a relationship a linear correlation for ln(U/U0) vs t should be obtained, 
(Figure 1.A).
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 On the basis of experimental data the following equation was evaluated: 

ln(U/U0) = -0.00368 × t  R2 = 0.664                                      (2)

 This shows that the first-order model does not fit the experimental data well. After 
6 hours it shows a decrease in the activity of chitin deacetylase while a small plateau in 
deactivation can be observed. It suggests stabilization in enzyme activity after 5 - 6 hours 
at the level of U/U0 = 0.346. After 24 h incubation according to the model the remaining 
activity was calculated as U/U0 = 0.005 while the experimental data showed U/U0 = 0.216. 
These significant differences indicated that the first order irreversible model does not fit the 
mechanism of deactivation of chitin deacetylase and it was rejected.
 
 In the next step the reversible first order deactivation was tested. 

E
k1

Ed
k2

 Such a model is described by the equation:

-dU/dt = k1 × U - k2 × Ud                                                         (3)

where:
k1, k2 – deactivation constants, in 1/min
U – specific activity of an active enzyme, [-]
Ud –  specific activity of an „deactivated” enzyme, [-]

Figure 1. Comparison of irreversible first-order deactivation model (A) and reversible first-order 
deactivation model (B) for thermal deactivation of chitin deacetylase; T = 50 ºC.
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Referring the specific activity to initial specific activity (U0):
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and after rearrangement we will obtain the following equation [8]:
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that after integration will give us the relationship:
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 For such equation a linear correlation in the plot of ln[(U0-U)/(U0-U∞)] vs t should 
be observed, Figure 1.B. The specific activity for the enzyme evaluated after 24 hour incu-
bation at 50 °C was used as the value of U∞.
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 The correlation, although slightly better than for the irreversible first-order model, 
is also not satisfactory. The significant differences in the correlation and experimental data 
can be easily observed; the confirmational experiments did not support the reversible first-
order model, so this model was also rejected 

 In the last step the three-parameter deactivation model proposed by Aymard and 
Belarbi [9] was tested. This model is described by the equation:
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where: 
A, α, β  – equation parameters
t  – time, in min.

 The equation is an empirical one and the parameters in it have no physical mean-
ing. With this equation more complex mechanisms than first-order (e.g. parallel, consecu-
tive or parallel-consecutive) can be described but the mechanism of the deactivation cannot 
be discovered or predicted. The parameters were evaluated on the basis of the experimental 
data: 
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 A good correlation with independent experimental data (Figure 2) can be easily 
observed. Additionally this model gives a good correlation with data obtained after 24 hours 
incubation: U/U0 was 0,210 for model and 0,216 for experimental data. It is clear that this 
model describes the experimental data better than the first-order models.

4. Discussion
 The above-discussed experiments are the first that try to elucidate the mechanism 
of thermal deactivation of chitin deacetylase. Such information is essential for long term 
processes but also can give us information for the structure of the enzyme.

 It has been shown that thermal deactivation of chitin deacetylase does not follow 
the first-order reversible or irreversible model. Both models are typical for enzymes with 
small molecules or for enzymes with a simple structure. Failure in their application suggests 
that chitin deacetylase has a more complicated structure. The good correlation with Aymard 
and Belarbi’s model [9] confirms this hypothesis. This model, although empirical, is useful 
for describing more complex mechanisms of deactivation (parallel deactivation, series deac-
tivation, simultaneous deactivation, mixed competitive-consecutive deactivation). We can-
not predict the mechanism on this evidence but we can confirm the more complex behaviour 
of the thermal deactivation of chitin deacetylase. Such a complex mechanism also suggests 
a more complex structure for chitin deacetylase: such as a large molecule or complex qua-

Figure 2. Comparison of experimental data and three parameters phenomenological model [9] 
for thermal deactivation of chitin deacetylase; T = 50 ºC.
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ternary structure. This hypothesis is in agreement with our earlier investigations [10] that 
suggested a dimer structure for chitin deacetylase with multisite positive cooperation.  

 Investigations focused on the structure of chitin deacetylase will be the subject of 
further studies.
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