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Abstract Four phytopathogenic fungi were cultivated

up to six days in media containing chitooligosaccharide

mixtures differing in average DP and FA. The three

different mixtures were named Q3 (which contained

oligosaccharides of DP2–DP10, with DP2–DP7 as main

components), Q2 (which contained oligosaccharides of

DP2–DP12, with DP2–DP10 as main components)

and Q1 (which derived from Q2 and contained

oligomers of DP5–DP8 with hexamer and a heptamer

as the main components). The novel aspect of

this work is the description of the effect of mixtures

of oligosaccharides with different and known

composition on fungal growth rates. The growth rate

of Alternaria alternata and Rhizopus stolonifer was

initially inhibited by Q3 and Q2 at higher concentra-

tions. Q1 had a growth stimulating effect on these two

fungi. Growth of Botrytis cinerea was inhibited by

Q3 and Q2, while Q1 had no effect on the growth of

this fungus. Growth of Penicillium expansum was

only slightly inhibited by higher concentrations of

sample Q3, while Q2 and Q1 had no effect. The

inhibition of growth rates or their resistance toward

chitooligosaccharides correlated with the absence or

presence of chitinolytic enzymes in the culture media,

respectively.
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A = GlcNAc 2-Acetamido-2-deoxy-D-glucose
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FA Mole fraction of GlcNAc residues in

chitosan or chitooligosaccharides

GPC Gel permeation chromatography
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MS

Matrix assisted laser desorption
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spectrometry

GR Growth rate

MEA Malt extract agar

PDA Potato dextrose agar
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Introduction

Chitin and chitosan are b-(1,4)-aminoglucopyranans

composed of N-acetylglucosamine (GlcNAc = A)

and glucosamine (GlcN = D) residues (for a review,

see [1, 2]. After the discovery of an antifungal

activity of chitosan by Allan and Hadwiger [3], the

antimicrobial activity of the polysaccharide has been

intensively studied [4, 5], e.g. for prolonging the shelf

life of fruits and vegetables [6–12].

Much less is known on the biological activities of

chitooligosaccharides toward microorganisms. Impor-

tant parameters which could determine the bioactivity

are, besides the pH of the culture medium, the DP and

FA of the oligosaccharides. However, bioassays were

carried out mostly with mixtures of oligosaccharides of

unknown composition. Thus, low-DP chitosans, in

particular chitooligosaccharides with an average

DP20, were more effective than high-DP chitosans in

inhibiting mycelial growth of a variety of phytopath-

ogenic and wood inhabiting fungi [4, 13, 14].

Oligosaccharides of DP9 and DP14 which had been

prepared by nitrous acid depolymerization of chitosan

were active against Leptographium procerum and

Sphaeropsis sapinea, but not against Tricho-

derma harzianum, while oligomers of DP5 were

inactive [15]. On the other hand, Fusarium solani

was inhibited by chitooligosaccharides of DP C 7 [16]

while oligomers of DP2–DP8 were not active against

three Fusarium species [4].

The objective of this study was to investigate

the activity of chitooligosaccharides, differing in

average DP and in FA, in cultures of the phytopath-

ogenic fungi Alternaria alternata, Botrytis cinerea,

Penicillium expansum, and Rhizopus stolonifer,

which are responsible for important economic losses

in Brazilian fruit exports (citrus, strawberries, grapes,

papaya, apples).

Materials and Methods

Chitooligosaccharides

Chitooligosaccharides were supplied by Genis ehf.,

Reykjavik, Iceland. They had been prepared by

enzymatic degradation of chitosan. According to the

supplier, the original oligosaccharide mixture used for

preparation of Q3 had an average Mw of 696 Da and an

average FA of 0.61 whereas the original chitosan used

for preparation of Q2 had an average Mw of 1.133 Da

and an average FA of 0.63. The samples were dissolved

in 0.05 M ammonium acetate buffer, pH4.2, to give a

concentration of ca. 12 mg 9 ml-1. The solutions

were ultrafiltrated through 0.8 lm and 0.2 lm cellu-

lose acetate membranes (Schleicher & Schuell) and a

3,000 Da cut-off membrane (Amicon). Finally, the

filtrates were lyophilized. Q1 was obtained by GPC of

Q2 on a Biogel P4 (fine grade, BioRad, München,

Germany) column (5 cm i.d. 9 200 cm), mobile

phase 0.05 M ammonium acetate buffer, adjusted with

0.23 M acetic acid to pH4.2, flow rate 60 ml 9 h-1;

refractive index detector Shimadzu RID 6A. Fractions

of 20 ml were collected, and finally lyophilized. A

fraction, containing oligosaccharides of DP5–DP8,

was used for bioassay.

Mass Spectrometry

Samples containing ca. 100 lg of oligosaccharides were

mixed with 8 ll of methanol/water (v/v 50/50). An

aliquot of the solution (0.5 ll) was mixed on the target

with 0.5 ll of a solution of DHB (27 mg 9 ml-1)

in 20% aqueous methanol, and the drop was dried

under a gentle stream of air. Mass spectra were

recorded on a Bruker Reflex II mass spectrometer

(Bruker Daltonik, Bremen, Germany) in the positive

ion mode. A nitrogen laser (337 nm, 3 ns pulse width,

3 Hz) was used. All spectra were measured in the

reflector mode using external calibration by means of

angiotensin II.

Microorganisms and Cultivation

A. alternata (CCT 2816), P. expansum (CCT 4680),

and R. stolonifer (CCT 2002) were purchased from

André Tosello Foundation Research and Technology

(Campinas, Brasil). B. cinerea, an isolate from grape,

was provided by the Department of Botany of the

University of Munster. B. cinerea and P. expansum

were cultured on potato dextrose agar (PDA) and in

malt extract agar (MEA) supplemented with 2%

(m/v) each of glucose and peptone, while R. stolo-

nifer and A. alternata were both cultured on MEA. In

order to achieve sporulation, the fungi were incubated

in Petri dishes (Ø = 9 cm) for 8 days for A. alter-

nata, B. cinerea, and P. expansum, and for 4 days for

R. stolonifer at 25�C at 100 cm under Hg lamps with
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a 12 h photoperiod. Water suspensions of spores and

mycelia were filtered through cotton. The concentra-

tion of spores was assessed using a hemocytometer

(Fuchs-Rosenthal Hell Linie) under optic microscopy

(magnification 4009). The concentration of spores of

R. stolonifer was adjusted to 10,000 ml-1 and those

of B. cinerea, A. alternata, and P. expansum to

20,000 ml-1.

Bioassays

Complete medium (CM), pH4.3, was prepared as

described by Pontecorvo [17], which contains

approximately 6.2 g 9 l-1 carbon and 0.6 g 9 l-1

and nitrogen, by considering the contribution of yeast

extract, peptone, casein and sucrose). Aliquots

(150 ll) of sterile CM containing the required

volume of chitooligomer (4 mg 9 ml-1) for dose

response and sterile water were dispensed into wells

of 96-well polystyrene microtiter plates (Roth�)

containing either 10 ll of a spore suspension of a

test fungus or 10 ll of sterile water (blanks). The

plates were incubated at 25�C under agitation,

200 o.p.m (orbits per minute), for up to 3 days for

R. stolonifer, 6 days for B. cinerea and A. alternata,

and 5 days for P. expansum. Fungal growth was

assessed by measuring the optical density of the

culture media at 405 nm [18] at 24 h intervals for

A. alternata, B. cinerea, and P. expansum and at

12 h intervals for R. stolonifer. Three independent

experiments were carried out in triplicate each, and

the data are reported as means ± S.D. A standard

curve was previously prepared to evaluate the

correlation of absorbance values with dry weight of

biomass. This calibration curve was found to be

linear for the range between 0 and 4.0 for the fungi

studied. According to Langvad [18], the absorbance

measured in the microtiter plate reader is caused by

light absorbance and light scattering.

Growth rate (GR) was calculated according to the

following equation, and was expressed as

A405 9 day 9 h-1:

GR ¼ (At2 � At1)=(t2 � t1)

where A is the measured absorbance value, t1 is the

initial time of the interval and t2 is the time at end of

the interval.

Growth rate inhibition and GR stimulation were

calculated according to the following:

(% ) GRinhibition or GRstimulation = (GRexp

� GRcontrol)/GRcontrol � 100

where GRexp is the GR observed for the experiments

which had oligosaccharides amended and GRcontrol is

the value without any oligosaccharides (control

experiments). When the value is negative, there is

inhibition and when the value is positive, there is

stimulation.

Degradation of Chitooligosaccharides

The spent media of cultures of fungi, containing

initially 1,000 lg 9 ml-1 of each oligosaccharide

mixture, were analyzed after 3 and 6 days by MALDI

TOF MS. An aliquot of the medium was mixed

directly with methanol and the matrix, as detailed

above.

Assay of Chitinolytic Enzyme Activity

Approximately 1 ml of a water suspension of fungal

spores was inoculated in 100 ml of complete

medium, placed into 250 ml Erlenmeyer flasks and

incubated at 26�C for 5 days under agitation at

120 o.p.m. The mycelial suspensions were filtered

through Whatman paper no. 1 and the filtrate was

lyophilized. The residue (ca. 1 g) was dissolved in

4 ml of ultra pure water (Milli-Q). Samples were

desalted on prepacked Sephadex G-25 columns

(PD-10, Amersham Biosciences, Uppsala, Sweden)

pre-equilibrated with ultra pure water. The eluates

were lyophilized, and the residues were resuspended

in a minimal volume of water (ca. 50 ll). Aliquots of

20 ll were spotted on filter paper (Amersham

Biosciences, Uppsala, Sweden). Proteins showing

chitinolytic activity were detected according to the

method described by Trudel and Asselin [19] using

poly-acrylamide gels containing 0.01% (w/v) glycol

chitin or chitosan (FA 0.22; DP1,383) in sodium

acetate buffer (pH5.0). The filter papers containing

the concentrated spent media were placed on the

surface of the gel and incubated under humid

atmosphere for 90 min at 37�C. The paper

was removed and a solution containing 0.01% (m/v)

calcofluor M2R (Sigma-Aldrich, Steinheim,

Germany) in 500 mM Tris–HCl buffer (pH8.9) was

added to the gels which were then incubated for

5 min. The calcofluor solution was removed and the
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gel was rinsed overnight in distilled water. Lytic

zones were visualized by the decrease of fluorescence

under UV light.

Results and Discussion

Characterization of Chitooligosaccharides

For description of chitooligosaccharides, a one-letter

short notation, i.e. A for GlcNAc and D for GlcN has

been introduced and used since then [20–23]. Enzy-

matic depolimerization of chitosan gives always

rather complex mixtures of oligomers (those differ

in the number of sugar residues or DP), homologs

(those differ in the number of N-acetyl groups or FA),

and isomers (those differ in the sequence of D and A

monomers). Separation of individual isomers is a

formidable task which has, to our knowledge, not yet

been achieved. Sequencing of components present in

isomeric mixtures has been described so far only in

few papers [20–22]. The novel aspect of this work

here is the description of the effect of mixtures of

oligosaccharides with different and known composi-

tion on fungal growth rates, and our aim is to assess

the action of well-characterized oligosaccharides on

the growth of the fungi.

The composition of the chitooligosaccharides, as

revealed by MALDI TOF MS, is shown in Table 1

and Fig. 1. Sample Q3 contains oligomers of

DP2–DP10 with A2, D1A2, D2A2 / D1A3, D2A3,

D3A3, D4A3/D3A4, D4A4, D5A4, and D6A4 as the

main homologue of each oligomer of a particular DP.

Sample Q2 is distinguished from Q3 by the content of

higher oligomers of DP up to 12 and by a relatively

higher FA, as revealed by comparison of the relative

intensities of the corresponding peaks of homologues,

e.g. D2A2/D1A3/A4, or D2A3/D1A4, or D3A3/

D2A4, etc. (Table 1, Fig. 1a and b). The main

oligosaccharides present in sample Q1 are the

hexamer D2A4 and the heptamers D4A3 and D3A4.

Bioassays

The effects of chitooligosaccharides on the growth

rates (GR) of A. alternata, B cinerea, P. expansum

and R. stolonifer depended mostly on the concentra-

tions amended to the culture media but also, in several

cases, on the average degree of polymerization of the

oligosaccharides. The results are shown in Table 2 and

in Fig. 2. Within 24 h of incubation, the GR of

A. alternata increased in the absence of chitooligo-

saccharides from nearly 0 up to 1 Uabs 9 day-1,

reaching a plateau after 3 days. In the presence of

chitooligosaccharides, the GR declined in the same

time interval to 0.2–0.35 Uabs 9 day-1 when the

concentrations of chitooligosaccharides varied

between 200 and 1,000 lg 9 ml-1 of Q3. After day

3, the inhibition of higher Q3 concentrations was

partially overcome (day 3 to day 5) and GR values even

increased. However, at 100 lg 9 ml-1 the GR was

similar to that of the control, reaching the stationary

phase at day 3, probably due to lack of nutrition

sources.

A similar behavior was also observed with Q2,

where high GR were observed for the control and for

the assay containing 100 lg 9 ml-1 (GR 1.5 and

0.8 Uabs 9 day-1, respectively) whereas lower values

(GR 0.3 Uabs 9 day-1) were found for higher con-

centrations. Between day 3 and day 5, GR increased

from 0.75 to 1.25 Uabs 9 day-1 with higher concen-

trations of Q2 (200 to 1,000 lg 9 ml-1) while the GR

of the control and of the experiment containing

100 lg 9 ml-1 Q2 remained stationary due to the

lack of nutrition sources.

With sample Q1, the GR depended almost linearly on

the concentration employed, varying from 0.7 to

1.5 Uabs 9 day-1. From day 3 to day 5, A. alternata

apparently continued to efficiently use Q1, but after day

5, all GR were approximately zero (Fig. 2a). In conclu-

sion, the GR of A. alternata were initially apparently

inhibited by oligosaccharides of DP [ 7, but stimulated

after degrading them to smaller fragments.

Figure 2b shows the effect of the chitooligosaccha-

rides on the growth of B. cinerea. With the same

protocol as used for A. alternata, it was observed that

the GR was inhibited by Q3 in a concentration

dependent manner, i.e. the GR was 1.0 Uabs 9 day-1

for the control and ca. 0.25 Uabs 9 day-1 at

1,000 lg 9 ml-1. Similar, but less pronounced effects

on the GR of B. cinerea were observed with samples

Q2 and Q1.

P. expansum was affected by Q3 in a different way

than the other fungi, as the GR were similar to that of

the control experiment for up to day 3 (GR 1.8 Uabs 9

day-1) at concentrations B800 lg 9 ml-1. An inhi-

bition of growth (GR 1.1 Uabs 9 day-1) was observed

only at the highest concentration, i.e. 1,000 lg 9 ml-1
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Table 1 Composition of chitooligosaccharide mixtures as determined by MALDI TOF MS

Q3 Q2 Q1 Peak

assignment
m/z Rel. Intensity m/z Rel. Intensity m/z Rel. Intensity

DP2 447.20 86 447.22 100 A2 + Na+

463.15 11 551.02 A2 + K+

DP3 608.22 100 608.26 96 608.55 3 D1A2 + Na+

650.24 13 650.26 79 A3 + Na+

DP4 769.27 32 769.31 26 D2A2 + Na+

811.30 49 811.32 91 D1A3 + Na+

853.33 10 A4 + Na+

DP5 930.36 9 930.39 12 D3A2 + Na+

972.38 42 972.40 71 D2A3 + Na+

988.36 3 D2A3 + K+

1014.40 3 1014.41 29 1014.48 13 D1A4 + Na+

1056.47 6 A5 + Na+

DP6 1091.44 7 1091.48 8 D4A2 + Na+

1133.47 24 1133.49 42 1133.53 12 D3A3 + Na+

1149.42 3 D3A3 + K+

1175.48 6 1175.50 50 1175.54 100 D2A4 + Na+

1191.18 6 D2A4 + K+

1217.52 6 1217.25 5 D1A5 + Na+

DP7 1294.52 10 1294.55 15 1294.56 24 D4A3 + Na+

1336.53 10 1336.55 36 1336.58 39 D3A4 + Na+

1378.57 12 1378.61 4 D2A5 + Na+

DP8 1455.57 3 1455.61 7 1455.59 5 D5A3 + Na+

1497.57 7 1497.60 18 1497.58 4 D4A4 + Na+

1539.59 2 1539.60 16 D3A5 + Na+

1581.61 3 D2A6 + Na+

DP9 1616.66 4 D6A3 + Na+

1658.63 5 1658.63 12 D5A4 + Na+

1700.66 2 1700.63 18 D4A5 + Na+

1742.65 5 D3A6 + Na+

DP10 1777.67 2 1777.62 3 D7A3 + Na+

1819.66 3 1819.64 6 D6A4 + Na+

1861.67 10 D5A5 + Na+

1903.67 6 D4A6 + Na+

1945.69 2 D3A7 + Na+

DP11 2022.72 5 D6A5 + Na+

2064.72 5 D5A6 + Na+

2106.69 2 D4A7 + Na+

DP12 2183.76 4 D7A5 + Na+

2225.76 5 D6A6 + Na+

Note: main components are in boldface. Only peaks corresponding to oligosaccharides are listed; matrix peaks and unidentified

components are not shown
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of Q3 (Fig. 2c). The inhibition was even detected after

day 3, suggesting that P. expansum was not able to

degrade the higher oligosaccharide and thus, Q3

continued to act as inhibitors of GR. For Q2 and Q1,

the GR values of P. expansum were much more similar

to those of the control experiments, probably due to a

more efficient degradation of the oligosaccharides.

For R. stolonifer, concentration dependent inhibi-

tions were observed until 48 h in assays amended

with Q3 or Q2 (Fig. 2d). After 36 h with Q2 and 48 h

with Q3, the inhibition was gradually reverted. With

Q1, however, the GR were similar to those of the

control until day 3 and increased thereafter even at

the highest concentration, indicating that Q1 acted as

a nutrient for R. stolonifer.

Investigation of Chitinolytic Activities

In order to investigate the fate of the chitooligosac-

charides in the cultures, the spent media containing

an initial concentration of 1,000 lg 9 ml-1 of the

mixture under investigation were analyzed by

MALDI TOF MS (Table 3; for mass spectra, see

supplement). All fungi were capable of degrading

chitooligosaccharides to varying extents. The spent

medium of A. alternata amended with Q3 and Q2,

contained D3A2 as the highest oligosaccharide

whereas those of DP C 6 were essentially not

detectable. A. alternata also degraded Q1. It is worth

noting that the major oligosaccharides detected in the

medium had a lower FA than the original sample, as

Fig. 1 MALDI TOF MS of chitooligosaccharides: (a) sample Q3, (b) sample Q2, (c) sample Q1
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revealed by comparing the peak intensities of (e.g.)

the tetramers or pentamers: D1A3 and D2A3 are

present in Q3 but absent in the spent medium where

D2A2 and D3A2 are detected as major products. This

could indicate that the fungus produces enzymes

which catalyze partial deacetylation of the oligomers

and/or transglycosidation.

Similar degradation patterns were found with

R. stolonifer where the growth responses to the three

oligosaccharide samples had also been similar to

A. alternata.

P. expansum which was virtually unaffected by any

of the mixtures of oligosaccharides, with respect to

their degradation; only D2A1 was detected in the

medium containing initially 1,000 lg 9 ml-1 of Q3,

while Q2 had disappeared completely, and Q1 was

degraded to A2 with traces of D1A1 and A3 (Table 3).

The mass spectrum shows, besides numerous uniden-

tified components, the corresponding sodiated as well

as potassiated peaks of A2 at m/z = 447.27/463.23,

of D2A1 at m/z = 566.97/582.98, and of A3 at

m/z = 650.79/666.75 (Fig. 3a). Surprisingly, even

though P. expansum appeared to degrade and consume

the oligomers almost completely, no GR increase was

observed.

In contrast, B. cinerea which is susceptible to

inhibition by larger oligomers (i.e. Q3 and Q2) but

resistant to smaller ones (i.e. Q1), could not or only

poorly degrade the chitooligosaccharides.

MALDI TOF MS of the spent medium showed a

different fate of Q1, as compared with Q3 and Q2,

containing small oligomers (Fig. 3b and Table 3).

Several peaks of sodiated or potassiated ion peaks

correspond to oligosaccharides which were not

present in the original sample Q1, i.e. m/z =

566.26/582.22 (D2A1), 608.27/624.22 (D1A2),

769.32/785.28 (D2A2), 811.38/827.30 (D1A3),

930.39/946.37 (D3A2), 972.41/988.39 (D2A3), and

1091.47/1107.46 (D4A2). However, the hexamer and

the heptamer present in the original sample persisted,

as shown by peaks at m/z = 1133.51/1149.47

(D3A3), 1175.53/1191.49 (D2A4), 1294.55/1310.53

(D4A3), and 1336.57/1352.54 (D3A4).

In order to complement the work and to verify the

presence of chitinolytic enzymes, the spent media

was analyzed by the overlay technique over

poly-(acrylamide)gels containing either glycol chitin

or chitosan as a substrate, as described by Trudel

and Asselin [19]. The results shown in Fig. 4

reveal chitosanase activity most prominently with

A. alternata¸ while the hydrolysis of chitosan was

lower with P. expansum and R. stolonifer and virtu-

ally absent with B. cinerea. On the other hand,

significant hydrolysis of glycol-chitin was detected

with P. expansum only, while chitinase activity in the

medium of A. alternata was low, and absent in the

media of R. stolonifer and B. cinerea. Further studies

on this topic will be published elsewhere.

The results lead to the conclusion, that chitooli-

gosaccharides of DP B 8 (Q1), are not notably

inhibitory to any of the fungi. On the other hand,

higher chitooligosaccharides (Q3 and Q2) show

Table 2 Changes in growth A. alternata, B. cinerea and P. expansu m on day six, and R. stolonifer on day three in complete medium,

amended with chitooligomers.

Oligosaccharide

sample

Concentration

(lg 9 ml-1)

Change in growth of fungi (%)

A. alternata B. cinerea P. expansum R. stolonifer

Control 0 100 ± 6 100 ± 17 100 ± 10 100 ± 14

Q3 100 +39 ± 5 -14 ± 5 -7 ± 1 +7 ± 0.3

400 -41 ± 13 -50 ± 4 -21 ± 4 +98 ± 46

1,000 +15 ± 4 -54 ± 8 -11 ± 3 +190 ± 92

Q2 100 -6 ± 3 +10 ± 1 +6 ± 0 +26 ± 3

400 +73 ± 6 -26 ± 3 +7 ± 0.1 -2 ± 0.4

1,000 +83 ± 20 +7 ± 1 0 ± 0 -45 ± 24

Q1 100 +17 ± 4 +6 ± 0.60 +6 ± 0.1 +45 ± 8

400 +18 ± 7 +1 ± 0.2 -2 ± 0.2 +40 ± 10

1,000 +19 ± 2 -6 ± 0.8 -13 ± 4 +64 ± 21

Data are means ± S.D. (n = 3)
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initially inhibitory effects which seem to be more

pronounced at a lower FA (i.e. Q3 versus Q2).

Reversal of inhibition or even stimulation of growth

is probably caused by degradation, resulting in

detoxification of the oligosaccharides, as well as in

the production of dimers and trimers which appar-

ently act as nutrients for the fungi. This hypothesis is

supported by the observation that lack of inhibition or

even the stimulation occurs with Q1, which is a

fraction of Q2 containing mainly the hexamer D2A4

and the heptamer D3A4.

The exact mechanism by which the higher chi-

tooligosaccharides exert antimicrobial activity is

unknown. Based on the other authoŕs observation

that the fungistatic activity is higher at lower pH, it

was assumed that the toxicity is correlated, besides to
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Fig. 2 Growth curves of (a) A. alternata, (b) B. cinerea, (c)

P. expansum, (d) R. stolonifer in the presence of chitooligo-

saccharides: j 0 (control), h 100, • 200, � 400, m 800, 4

1,000 lg 9 ml-1. Data are means of three replicate experi-

ments ± S.D. For complete data, see ref. [20]
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Table 3 Chitooligosaccharides identified by MALDI TOF MS in spent media of cultures of A. alternata (Aa), B. cinerea (Bc),

P. expansum (Pe), and R. stolonifer (Rs) cultured in the presence of chitooligosaccharides

Q3 Aa Bc Pe Rs Q2 Aa Bc Pe Rs Q1 Aa Bc Pe Rs

DP2 D1A1 • • � •
A2 • � • � • •

DP3 D2A1 • • • • � • � � �

D1A2 • • • • • • • • • •
A3 � • � �

DP4 D4 �

D3A1 � • •
D2A2 • • • • � • • • • •
D1A3 • • • • • • � �

A4 �

DP5 D5

D4A1 � �

D3A2 � • � • � � � � � �

D2A3 • • � • � • � •
D1A4 � � �

A5 �

DP6 D6 �

D5A1 �

D4A2 � � � � � � �

D3A3 • • • � • � •
D2A4 � � • � • •
D1A5 �

DP7 D5A2 �

D4A3 • • � � • •
D3A4 • • • � • •
D2A5 �

DP8 D5A3 � � � � �

D4A4 • � • �

D3A5 � •
D2A6 �

DP9 D6A3 � � �

D5A4 � � • �

D4A5 � • �

D3A6 �

DP10 D7A3 � � �

D6A4 � � �

D5A5 � •
D4A6 �

D3A7 �

DP11 D6A5 �

D5A6 � �

D4A7 �

DP12 D7A5 �

D6A6 �

•: major, � : minor components
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optimum DP, to the cationic charge of the oligosac-

charides [15]. Our studies indicate that reasons also

can be important for the growth rates inhibition, i.e.

enzymatic uptake of simple carbohydrates by perm-

eases could temporally be blocked by the presence of

the large oligosaccharides [24]. Several fungi systems

however, as cellulase containing, are usually con-

trolled by inducers, and glucose or catabolite

repression, and the expression of enzymes to

hydrolyze larger molecules to soluble oligosaccha-

rides (low DP). After cellulose and large molecules

are degraded a large amount of glucose is liberated,

which causes catabolite repression [25]. Chitin

hydrolyzing enzymes could be similarly regulated,

controlled by inducers and short chain molecules.

Amaretti et al [26] have demonstrated carbohydrate

preferences in bacteria resulting from different dis-

tributions of carbon fluxes through the fermentative

Fig. 3 MALDI TOF MS of the spent medium from (a) P. expansum, (b) B. cinerea, grown for six days in the presence of

1,000 lg/ml of sample Q1
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pathway, where it was observed substrate selectivity

based on the degree of polymerization, when shorter

saccharides were the first to be consumed, while a

delay was observed until longer oligosaccharides

were utilized. This mechanism would well be

important for the differential sensitivity of the fungi,

i.e. susceptibility or resistance or even stimulation of

growth. Further work will be required before gener-

alizations can be made about the relationship between

DP of chitosans and chitooligomers, detoxification,

and inhibitory activity.

Supplementing Material

1. Absorption Readings during growth of fungi. 2.

Growth curves in color. 3. Mass spectra.
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A, editor. Biopolymers, vol. 6. Weinheim: Wiley-VCH;

2002. p. 123–57.

2. Peter MG. Chitin and chitosan from animal sources. In:
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