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Colloidal chitin stained with Remazol Brilliant Blue RR,
a useful substrate to select chitinolytic microorganisms

and to evaluate chitinases
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Abstract

A simple and sensitive method based on the use of colloidal chitin stained with Remazol Brilliant Blue RR (RBB) is

proposed to evaluate chitinase activity. If this colloidal-stained substrate is included as a carbon source in a liquid medium,

this technique allows the selection or the comparison of chitinolytic microorganisms. The colloidal substrate is proportionally

solubilized and the dye released is spectrophotometrically quantified at 595 nm. The procedures used for the staining and

fixing of RBB in the colloidal chitin, and a comparison with the commercial substrate chitin-azureR, are presented. The

influence of several physicochemical and enzymatic parameters on the release of dyes is also shown. Both stained substrates

were used for studying the effect of pH, substrate concentration, temperature and time on the chitinase reaction of Bacillus

thuringiensis Bt-107.
D 2003 Elsevier B.V. All rights reserved.
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1. Introduction metric. Also, soluble, chemically modified chitinous
For the evaluation of chitinases, insoluble sub-

strates such as tritiated solid chitin, colloidal chitin

or chitin covalently coupled to different dyes (chitin-

red, chitin-azure) can be used. In accordance with the

substrate used, the assays are radiometric or photo-
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substrates such as glycol-chitin, 6-O-hydroxypropyl-

chitin or carboxymethyl chitin can be used. The speed

and costs of these assays may differ widely (for a

review, see Spindler, 1997).

A typical method to evaluate chitinases involves

incubation with colloidal chitin and a colorimetric

quantification at 535 nm of the chito-oligosaccharides

produced, by a diagnostic reaction with 3,5 dinitrosa-

licylic acid (Monreal and Reese, 1969). As this

technique is time-consuming and little sensitive, it is

not easily applicable to identify poor-chitinolytic



M. Gómez Ramı́rez et al. / Journal of Microbiological Methods 56 (2004) 213–219214
bacterial strains. Therefore, more simple and rapid

assays are preferred, where bacteria are inoculated, by

puncture, on a solid media containing colloidal chitin

as the only or the major carbon source. The resulting

diameters of the clear haloes of chitin-digestion and of

the microbial colonies are measures of the chitinase

activity (Rojas Avelizapa et al., 1999). However, this

method also has a low sensitivity and its results

depend on the concentration and size of the particles

of colloidal chitin, the thickness of the media, and the

amount and kind of inoculum.

More sensitive techniques require more expensive

substrates, which are suitable to study specificity of

chitinases more than to select chitinolytic strains

(O’Brien and Collwell, 1987; McCreath and Gooday,

1992; Frändberg and Schnürer, 1994; Barboza Corona

et al., 1999). The present paper proposes the use of

colloidal chitin dyed with Remazol Brilliant Blue RR
(CC-RBB) as a sensitive, easy, reproducible and

economic option to determine chitinases. This method

resulted in the selection of chitinolytic strains of

Bacillus thuringiensis, even though members of this

bacterial species generally produced very low levels

of chitinase (Gómez Ramı́rez et al., 2001). We also

succeeded in the selection of entomophatogenic

strains of Paecylomyces fumosoroseus, a fungi that

also secretes low levels of the enzyme. However, the

particular details on this technique have not been still

published.
2. Materials and methods

2.1. Microorganisms

Bacterial strains with different abilities to produce

extracellular chitinase activity were used. Thus, Ser-

ratia marcescens Wf was chosen as a high-producer

(Chávez Camarillo and Cruz Camarillo, 1984). Bt-

107, previously selected as the best among 150 wild-

type strains of B. thuringiensis (Gómez Ramı́rez,

2001), was considered a moderate one. Bt-8 was used

as a poor-chitinolytic strain of the same species.

2.2. Colloidal chitin preparation

Ten grams of commercial chitin (Sigma, No. C-

4666) were ground in a Willey mill and sieved through
a # 40 mesh. The obtained powder was added to 100

ml of 85% phosphoric acid and kept in a refrigerator (5

jC) for 24 h. Thereafter, 2 l of tap water were added

and the gelatinous white material formed was separat-

ed by filtration through filter paper. The retained cake

was washed with tap water until the filtrate had a pH of

6.5. The colloidal chitin obtained had a soft, pasty

consistency, with 90–95% moisture (Rojas Avelizapa

et al., 1999).

2.3. Dyeing of chitinous materials

Six-tenth RBB-stained substrates were prepared.

They resulted by the use of colloidal or commercial,

milled chitin, as the raw materials and by the applica-

tion of four different mordants to fix the colour.

Mordants in turn were utilized before or after the

RBB-dyeing. The mordants assayed were the follow-

ing aqueous solutions: (A) 1.5% sodium potassium

tartrate + 1.5% sodium dichromate, (B) 3% ferrous

sulphate + 6% alum, (C) 6% sodium potassium tar-

trate + 25 % alum and (D) 12% sodium potassium

tartrate + 3% stannous chloride. Such mordants have

been used to fix colours when dyeing textile materials.

As the amounts of raw materials, reactives and

conditions used for preparation of the 16 stained

substrates were similar, only the procedure followed

to prepare the substrate selected as the best, will be

described. Twenty five grams of colloidal chitin were

homogeneously mixed with 100 ml of an aqueous

solution of RBB (Sigma, Cat. No. R-8001) at 0.84%.

The resulting suspension was heated in a boiling

water bath for 60 min with gentle stirring. The

colloidal dyed material was removed by filtration

and, to fix the RBB-colour, the obtained material as

such was suspended in 25 ml of an aqueous solution

of 1.5% sodium dichromate and 1.5% sodium potas-

sium tartrate, without any pH adjustment, followed by

heating with gentle stirring into a boiling water bath

for 10 min. The dyed material was then separated by

filtration and washed with hot water until the filtrate

was colorless. The gelatinous blue material obtained

was sterilized by autoclaving and stored at 5 jC.

2.4. Firmness of the staining

To evaluate what so strong the stain was bonded to

the colloidal chitinous matrix, the CC-RBB was sus-
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pended at 10% (w/v) in 2 ml of the following solvents:

distilled water, 0.2 M buffers of covering pH 1–14

(KCl–HCl for pH 1–2, citric acid–KH2PO4–H3BO3

for pH 2–12, KOH–KCl for pH 12–14; Dawson et

al., 1973), 1–6 M urea, 0.2–2 M NaCl and 0.2–2.5 M

Triton X-100. Such suspensions were autoclaved for

15 min or heated at 50 jC for 3 h, and then centrifuged

at 7000 rpm. The RBB released in every case was

evaluated by its absorbance at 595 nm. As a compar-

ison, suspensions (5 mg/ml) of the commercial solid

substrate chitin-azure (Sigma, Cat. No. C-3020) were

submitted to the same treatments, but supernatants

were read at 560 nm.

2.5. Screening of chitinolytic microorganisms

To use fresh inocula (at the end of the log phase,

verified by viable count), the strains to be compared

were cultured at 28 jC for three consecutive periods of

18 h, at 180 rpm, in a medium containing (g/l):

diammonium citrate, 0.625; NaCl, 0.250; KH2PO4,

0.375; MgSO4 7H2O, 0.125; and Na2CO3, 0.375; pH

6.5–7.0 (Rojas Avelizapa et al., 1999). Thereafter,

aliquots of 0.1 ml of the third sub-culture were inocu-

lated in 25-ml Erlenmeyer flasks containing 4 ml of the

same medium, including 2% CC-RBB (w/v). Flasks

were collected every 6 h and their content centrifuged

at 7000 rpm, to evaluate the amount of RBB released,

by its absorbance at 595 nm. As controls, non-inocu-

lated flasks were processed simultaneously.

2.6. Chitinase evaluation

To obtain the enzyme required to compare the

various chitinase assays, the chitinolytic bacteria of

interest were cultured in a medium containing ground

shrimp wastes as the only carbon and nitrogen source

(Rojas Avelizapa et al., 1999; Rojas Avelizapa et al.,

2001). Such a solid substrate was added at 6% and 3%

in tap water for S. marcescens and Bt-107, respective-

ly, to produce their maximal amount of enzyme after

an incubation of 48 h at 28 jC at 180 rpm. The

chitinase present in the supernatants of these cultures

was then assayed, according to the following methods.

2.6.1. 3,5-Dinitrosalicylic acid assay (DNS)

One milliliter of the enzyme sample and 1 ml of a

10% (w/v) suspension of colloidal chitin, in 0.2 M
sodium phosphate buffer (pH 6.5 or 7 for S. marces-

cens or Bt-107 enzymes, respectively), were incubated

at 50 jC for 1 h. The reaction was stopped by adding 1

ml of 1% NaOH, followed by boiling for 5 min. Tubes

were then centrifuged at 7000 rpm and the reducing

sugars produced were determined in the supernatants.

One milliliter of supernatant and 1 ml of 1% DNS

(dissolved in 30% sodium potassium tartrate in 2 M

NaOH) were mixed and incubated for 5 min in a

boiling water bath. Thereafter, their absorbance at

535 nm was recorded. Readings were interpolated in

a standard curve prepared with a series of dilutions (0–

10 Amol/ml) of N-acetyl-D-glucosamine (NAG) and

DNS. The chitinase activity was defined as the amount

of enzyme required to produce one Amol of NAG in 1

h (Rojas Avelizapa et al., 1999).

2.6.2. Assay with CC-RBB

One milliliter of enzyme sample and 1 ml of a 10%

(w/v) suspension of CC-RBB in 0.2 M sodium

phosphate buffer (pH 7 for B. thuringiensis and 6.5

for S. marcescens Wf chitinases) were incubated at 50

jC for 1 h. After inactivation of the enzyme by

heating in a boiling water bath for 5 min, the tubes

were centrifuged at 7000 rpm and the absorbance of

the supernatants was read at 595 nm. One unit of

chitinase was the amount of enzyme that produced an

increase of 0.01 in the absorbance.

2.6.3. Assay with chitin-azure

One milliliter of enzyme sample, 1 ml of 0.2 M

sodium phosphate buffer (pH 7 or 6.5, for B. thur-

ingiensis or S. marcescens chitinases, respectively)

and 5 mg of chitin-azure were mixed and incubated at

50 jC for 3 h. The tubes were centrifuged and the

absorbance of the supernatants was read at 560 nm.

One unit of chitinase was the amount of enzyme that

produced an increase of 0.01 in the absorbance.
3. Results and discussion

3.1. Dyeing of different chitinous materials

The 16 resulting substrates had generally a strong

blue-colour, but only the 8 ones prepared from

colloidal chitin retained enough RBB after its steril-

ization. The supernatants of suspensions at 10% (w/



Fig. 1. Activity of the S. marcescens chitinase measured with

different substrates prepared with colloidal chitin (5), or solid,

milled chitin (n), stained with RBB by the following procedures: (1)

After dyeing, the colour was fixed with 1.5% sodium dichro-

mate + 1.5% sodium potassium tartrate. (2) After dyeing, the colour

was fixed with 3% FeSO4 + 6% alum. (3) After a treatment with 3%

potassium dichromate + 3% sodium potassium tartrate, the staining

with RBB was carried out. (4) After a treatment with 25% alum+ 6%

sodium potassium tartrate, the dyeing with RBB was carried out. (5)

After a treatment with 3% stannous chloride + 12% sodium

potassium tartrate, the staining with RBB was carried out.
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v) of stained substrates prepared with colloidal chitin

presented an A595 ranging from 0.047 to 0.080, while

aqueous suspensions (5 mg/ml) of substrates pre-

pared from solid, milled chitin, presented an A595

between 0.132 and 0.720 after the autoclaving. In the

colloidal chitin, the polysaccharide molecules were

previously separated by the swelling induced by

phosphoric acid. Therefore, the possibility that many

hydrogen bonds could be formed between the chi-

tinous matrix and the dye in this case is attractive.

Chitin is formed by chitobiose molecules, as its

minimal repeating unit. Chitobiose, in turn, is formed

by two NAG molecules linked by a h-1,4 glycosidic

union and, in every NAG residue, there are two

hydroxyls, one carbonyl and one imine exposed

groups, which could interact with the amine and

imine groups present in the RBB molecule. RBB

in addition has at least two sulphonyl groups, each

one with a negative charge that could also form

saline bonds.

3.2. Chitinase activity on solid and colloidal chitinous

RBB-stained substrates

The eight stained substrates prepared with colloidal

chitin were better digested by the extracellular chiti-

nase secreted by S. marcescens Wf. In Fig. 1, the

results obtained with 10 of the 16 substrates studied

show that, although chitinase activity was quite differ-

ent in every case, better results were obtained with

colloidal chitin. Moreover, the highest values were

obtained when colloidal chitin was firstly stained with

RBB, and then treated with 1.5% sodium dichromate

and 1.5% sodium potassium tartrate for fixing the

colour. So, this technique was chosen for preparing

the substrate used in this work. The best action on

colloidal materials has been explained by supposing

that in this case the substrate molecules are more

accessible to the enzyme than in the more dense,

closed molecular organization present in the quasi-

native crystalline structure of the solid substrates

(Cowling and Brown, 1969).

3.3. Physicochemical comparison of CC-RBB and

chitin-azure

CC-RBB is a somewhat granular, dark-blue gel,

whose water content is about 96%. When this material
was hydrolyzed by chitinases, a soluble substance

whose absorption spectrum showed a maximum at

595 nm was released. The pure RBB showed its kmax

at 585 nm. Chitin-azure, in turn, has the aspect of thin,

semitransparent, amorphous scaly solid particles of

different sizes, mostly stained in a strong-violet colour.

When chitin-azure was solubilized by chitinases, a

soluble violet substance was released, which showed

its kmax at 560 nm.

When testing the release of the dyes by physico-

chemical treatments, it was found that autoclaving of

aqueous suspensions of CC-RBB and chitin-azure

produced absorbance increases of 0.057 at 595 and

0.087 at 560 nm, respectively. The releasing of dyes

was equally minimal after heating at 50 jC during 2

h at pH values ranging from 1 to 11 (absorbance 0.05

in both cases). However, above pH 11, dye liberation

was significant in the CC-RBB, reaching a value of 0.2

at 595 nm, when pH was as alkaline as 14. Chitin-

azure was more stable to this treatment. In other

experiments, the effect of a heating at 50 jC during

3 h, in the presence of urea (1–6 M), Triton X-100

(0.2–2.5%) and NaCl (0.2–2 M) was studied. Such

substances can affect the stability of non-covalent



Fig. 2. Effect of the pH on the activity of the S. marcescens Wf

chitinase, using chitin-azure (o) or colloidal chitin stained with

RBB (.) as the substrates.

Fig. 3. Kinetics of production of extracellular chitinase of S.

marcescens Wf grown in a medium with shrimp-wastes as the only

carbon and nitrogen source. Activity was evaluated by three different

methods.
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unions, as hydrogen, hydrophobic and saline bonds,

respectively. It was demonstrated that both Triton X-

100 and NaCl produced minimal dye removal from

their chitinous matrices. In addition, NaCl altered the

light absorption properties of the deadsorbed dyes,

producing a decrease of their absorbance. Contrarily,

the RBB release increased proportionally with the urea

concentration, as in a saturation curve, suggesting that

RBB is mainly hydrogen bonded. This assumption is

reinforced by considering that neither Triton X-100

nor NaCl released RBB, which discard the participa-

tion of hydrophobic or saline bonds. When testing the

action of these substances on chitin-azure, the dye

liberation observed was still lower than with CC-RBB,

particularly in the case of urea. Such results can be

explained by considering that, in chitin-azure, the dye

is covalently bonded to the chitinous matrix (Hackman

and Goldberg, 1964). It must emphasize therefore that,

at physiological pH and temperature, no relevant

release of dyes by non-enzymatic factors was observed

in both cases. Besides, the fact that sterilization by

autoclaving gave rise to a negligible release of dyes

resulted useful when incorporating CC-RBB as a

carbon source in culture media, for the selection of

chitinolytic microorganisms.
3.4. Chitin azure and CC-RBB as substrates for

studying the effect of different parameters on the

activity of the extracellular chitinase of S. Marcescens

Wf

The chitinase reaction proceeded faster with the

colloidal than with the solid substrate as measured by

dye released. It was seen that highest dye liberation

values were reached in 1 h with colloidal chitin (data

not shown). With the other substrate, an incubation of

3 h was required to reach the same release level.

Fig. 2 shows that, with both stained substrates, the

optimum pH value corresponded to 7. However, when

the effect of temperature was studied, an optimum at

50–60 jC with CC-RBB was obtained, whereas with

chitin-azure the highest value corresponded only at 50

jC (results not shown). These data suggest that

enzyme is better protected of thermal inactivation in

the presence of the colloidal substrate.

3.5. Screening of chitinolytic microorganisms

This process involves usually two steps. A primary

screening in which inocula of each strain are spread

iological Methods 56 (2004) 213–219 217



Fig. 4. Extracellular chitinase produced by bacteria grown in a

medium with colloidal chitin stained with RBB as a carbon source.

Activity was measured as the absorbance of the dye removed from

substrate by the enzymatic action.
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by puncturing on plates containing a minimal medi-

um, with colloidal chitin as a carbon source. Most

promising strains are those producing the biggest clear

haloes of chitin-digestion. However, these preliminary

data are not always in agreement with the information

obtained in a secondary screening, which usually

consists of quantitative evaluations of the enzyme

secreted by every strain in a liquid medium, along

different times of incubation. This kind of studies are

particularly time-consuming. In addition, assays using

different dilutions of the samples are required when

the level of the enzyme is high, or extending the time

of incubation if the amount of enzyme is low. In Fig.

3, the kinetics of extracellular chitinase activity of

the moderate-producer strain Bt-107 is shown. In this

case, the enzyme was evaluated by using the stained

substrates, chitin-azure and CC-RBB, as well as the

DNS technique. Although lines obtained presented

similar trends, much more likeness was observed

between DNS and CC-RBB methods. In addition,

the Fig. 4 shows that this method permitted rapidly

the evaluation of the extracellular chitinase produced

not only by a high producer as S. marcescens Wf,
but as well the enzyme secreted by moderate or very

low-producers, as occurred with Bt-107 and Bt-8,

respectively.
4. Conclusions

The evaluation of chitinases by using the stained

colloidal substrate CC-RBB has the following advan-

tages: (A) its preparation is easy and inexpensive; (B)

the possibility of interferance by a non-enzymatic

release of RBB is minimal, under the environmental

conditions used ordinarily in the chitinase assays; (C)

due to its colloidal nature, this substrate is solubilized

by chitinases three times faster than the solid com-

mercial substrate chitin-azure, reducing in the same

proportion the time of the assay; (D) the chitinase

assay with CC-RBB is more simple, accurate, repro-

ducible and fast than the evaluation with DNS; (E) as

CC-RBB is not toxic for microorganisms, it can be

added simultaneously as a carbon source and as a

chitinase inducer in the culture media. The extracel-

lular chitinase produced hydrolyze this substrate,

releasing proportionally the dye, which can be eval-

uated spectrophotometrically. This fact allows a more

simple, fast and accurate one-step process for the

selection of chitinolytic microorganisms.
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