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Note 

Some N-acyl derivatives of O-carboxymethylchitosan 

Shigehiro Hirano, Ken-ichiro Hayashi, and Keiji Hirochi 
Department of Agricultural Biochemistry and Biotechnology, Tottori Universify, Tottori 680 (Japan) 

(Received February 14th, 1991; accepted August 31 st, 1991) 

Chitinase (EC 3.2.1.14) and lysozyme (EC 3.2.1.17) hydrolyse chitin [(l-4)-2- 
acetamido-2-deoxy$-D-glucan], partially N-deacetylated chitinlm3, and N-acyl ana- 

logues4 prepared from lower fatty acids. Because of the insolubility of these derivatives 
in water, both the structure and physical form have significant effects on the enzymic 
hydrolysis5. We now describe the preparation of novel water-soluble ZV-acyl derivatives 

of O-carboxymethylchitosan’, and their hydrolyses by chitinase and lysozyme under 
homogeneous conditions. 

O-Carboxymethylchitin’ (d.s. 0.59) was N-deacetylated by heating in aqueous 
10% sodium hydroxide containing sodium borohydride for 9 h at 80” to give O- 
carboxymethylchitosan (d.s. 0.59). These conditions are milder than those for the 
N-deacetylation of chitin (e.g., aqueous 45% sodium hydroxyde, 5 h, 100”)“‘“. The d.s. 
was calculated from the elemental analyses for C and N (see Experimental). 

The 0-carboxymethylchitosan was treated with a series of carboxylic anhydrides 
(5 equiv. per GlcN) in aqueous acetic acid-methanol” to give N-acyl derivatives in 
yields of 59-97%. The lower N-acyl (C,-C,, and benzoyl) and hihger N-acyl (C,,-C,,) 

derivatives formed gels and precipitates, respectively, but the N-succinyl and N-phtha- 
loloyl derivatives did not. The ds. for ZV-acyl, calculated from the elemental analyses for 
C and N, varied from 0.25 to 0.75 (Table I), which probably reflects steric effects. The 

distribution of the 0-carboxymethyl and N-acyl groups in the derivatives is not sym- 
metrical”, but is not known in detail. The lower A’-acyl ( <C, for fatty acyl), iV-succinyl, 
and N-phthalolyl derivatives (Na salts) were soluble in water, aqueous 0.05% hydro- 

chloric acid, and aqueous 0.05% sodium hydroxide (Table I). The lower N-acyl 
derivatives had isoelectric points in the pH range 3-5, at which a precipitate was 
produced. 

Chitinase and lysozyrne hydrolysed the water-soluble lower N-acyl derivatives 
(Table II). The results indicate that the susceptibility to enzymic degradation decreased 
as the length of the N-acyl group increased. However, in the absence of values for J& 

and VA,,,, the data in Table II should be regarded as qualitative. 

0008~6215192/$05.00 @ 1992 - Elsevier Science Publishers B.V. All rights reserved. 
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TABLE II 

Increase in the reducing-sugar value per min in the hydrolyses of N-acyl derivatives of O-carboxymethylchi- 
tosan by lysozyme and chitinase 

N-Acyf group Reducing-sugar 
value (pol/min) 

Lysozyme Chitinase 

Acetyl 0.015 0.054 
Propionyl 0.010 0.032 
Butyryl 0.009 0.040 
Pentanoyl 0.004 0.003 
Hexanoyl 0.002 0.000 

EXPERIMENTAL 

General methods. - ‘H-N.m.r. spectra were recorded with a Hitachi R-24 spec- 

trometer and the other analytical methods were as reportedr3. 
Materials. - O-Carboxymethylchitin (d.s. 0.59) was prepared from crab-shell 

chitosan7. Lysozyme from hen egg white (Sigma, Grade III) and chitinase from Strepto- 

myces griseus (Sigma) were commercial products. 
0-Curboxymethylchitosun. - A solution of U-carboxymethylchitin (Na salt, 2.6 

g, d.s. 0.59), [a]: - 13” (c 0.7, aq. 0.05% NaOH) in aq. 10% NaOH (130 mL) containing 
sodium borohydride (0.2 g) was heated at 80” for 9 h. The cooled solution was 

neutralised with acetic acid, dialysed against running water for 3 days and against 
distilled water for 1 day, then concentrated in uucuo to _ 150 mL. Ethanol (3 vol.) was 
added with stirring, and the precipitate was collected by centrifuging at 42008 for 15 
min, washed with EtOH, and dried to give the title product as the sodium salt (1.9 g, 
87% ), [ali - 4” (c 1, aq. 0.05% NaOH). The product was soluble in water, aq. NaOH 
and aq. acetic acid, had viz 1600 cm-’ (NH& but no absorption for NHAc at 1650 and 

15OOcm-‘. 13C-N.m.r. data (D,O): S 181 (C = 0), 105 (C-l), 80.9 (C-4), 77.6 (C-5), 76.9 
(C-3), 72.9 (C-6), 59.3 (C-2). The ‘H-n.m.r. spectrum (D,O) revealed no signal for NAc. 

Anal. Calc. for [C,H,,N0,(C2H202Na)0,,,(H),,,~0.13H20],: C, 40.93; H, 5.67; N, 

6.64. Found: C, 41.09; H, 5.97; N, 6.57. 
N-Acylution ofO-curboxymethylchitosun. - A solution of O-carboxymethylchi- 

tosan (Na salt, 0.25 g) in aq. 2% acetic acid (25 mL) was diluted with MeOH (30 mL), 
and the carboxylic anhydride (5 mol. equiv. per GlcN) was added with stirring at room 
temperature. The reaction mixture was stored overnight at room temperature to give a 
gel or precipitate. For the reaction with lauric and palmitic anhydrides, each mixture 
was heated for a few minutes at 80” to give a clear solution temporarily, and then to give 
a precipitate. Each product was mechanically homogeniscd in EtOH (200 mL). The 
precipitate was collected by filtration, and washed with EtOH several times to remove 
free fatty acids. Each precipitate was dissolved in aq. 0.05% NaOH, a small amount of 
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an insoluble material was removed by centrifugation at 45009 for 15 min, and then 
EtOH (3 vol.) was added to the supernatant solution. The precipitate was collected by 
filtration, washed several times with EtOH and ether, and dried to give the N-acyl 
derivative (see Table I). 

Enzymic hydrolyses. - To a solution of the substrate (0.1 mmol for a proposed 
repeating unit based on the elemental analysis: 25.0 mg for N-acetyl and Wpropionyl, 
26.1 mg for N-butyryl and Wpentanoyl, 25.9 mg for N-hexanoyl) in 0.05~ citric 
acid-0.1~ Na,HPO, buffer solution (1.5 mL, pH 6.8) was added a solution (0.20 mL) of 
lysozyme or chitinase (2.5 mg/mL). Each mixture was stirred for 30 min at 40”; the 
reaction was stopped by adding M NaOH (0.15 mL), and the increased reducing-sugar 
value was determined as pmol of 2-acetamido-2-deoxy-D-glucose by a modification’4 of 
the method of Schales and Schales. The results are shown in Table II. 
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