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Abstract

(1) Chitosan was found to be a suitable macroaffinity ligand for affinity precipitation of chitinaseNeamospora crassacabbage and
puffballs. (2) The activity recoveries of 85, 82 and 90% with concomitant fold purifications in terms of specific activities were 27, 15 and 30 with
N. crassacabbage and puffballs and were obtained with affinity precipitation. These results were obtained with clarified extracts/homogenates
as the starting materials. (3) The incorporation of chitosan in poly(ethylene glycol) (PEG)—salt agueous two-phase system allowed purification
of chitinases from these sources directly from unclarified extracts/homogenates. (4) The 96% (w/v) chitosan (of initially introduced into the
aqueous two-phase system) partitioned into PEG-phase and this enhanced the partitioning of chitinases into PEG-phase. The chitosan, free
as well as bound to chitinases, could be separated from PEG-phase by increasing the pH to 7. (5) By the process of desorption with 2.0 M
MgCl,, 86, 80 and 88% activity recoveries (% expressed in terms of total units of enzyme activities in the crude extract) were obtained in the
case ofN. crassacabbage and puffballs, respectively. The corresponding fold purifications in terms of specific activities were 34, 20 and 38.
(6) The purified preparations gave single bands on sodium dodecy! sulfate—polyacrylamide gel electrophoresis and the estimated molecular
masses agreed with the reported values in the literature.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction waste, which otherwise poses a disposal protjter6]. Chiti-
nases have been purified by different proto¢@ls9]. Often
Chitin [(1 — 4)-2-acetamido-2-deoxg-p-glucan] oc- such purifications have been carried out by following multi-
curs naturally in all crustaceans and is generated as a wastatep protocolfl0,11] Chitin has been reported to be an affin-
during processing of shellfish, crabs, shrimps and Kir#B]. ity matrix in some of these purification strategjdsl2]. The

Chitosan is obtained by partial deacetylation of chitin. Chitin presentwork has used deacetylated chitin as an affinity ligand
oligosaccharides have medical applications such as reductiorand to develop two protocols for purification of chitinases.
of cholesterol concentration in plasma, accelerating wound  Two-phase agueous extraction has beenwidely recognized
healing and inhibition of bacterial growfd]. Thus, chiti- as an efficient and scalable technique, which can directly deal
nases are useful for obtaining value added products from awith unclarified extracts/homogenatds3]. Kamihira et al.
[14] and Guoquiang et aJ15] have reported purification of
lactate dehydrogenase and recombinant protein A, respec-
fax: 401 11 26581073, fuvely, by aqueous two-phase extraction m_tegrateq \_Nlth affin-
E-mail addressmunishwar48@yahoo.co.uk (M.N. Gupta). ity precipitation. Recently, we have described purification of
1 Tel.: +91 11 25847905/25845112; fax: +91 11 25846420. amylased16], xylanaseg417] and phospholipase [18] as
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further applications of this approach. In this integrated ap- filter paper and the wet weight was noted. The mycelial mass

proach, a macroaffinity ligand was partitioned into top-phase. was processed further for enzyme activity.

This helped in selective partition of the target protein in this

phase. After this, the approach follows affinity precipitation 2.2.2. Preparation of enzyme extract from N. crassa

protocol. Thus, in order to use this integrated approach, the Procedure followed was of Bridg27] with slight modi-

first step is to check the viability of affinity precipitation for fications. A 10% suspension of the mycelial mass was made

the specific application. In recent years, affinity precipita- in buffer and frozen overnight at20°C. Acid washed sand,

tion has been successfully used as a purification techniquefour times the weight of the mycelium, was added, and the

for amylase$19-21] phospholipase [22] and pullulanase  mixture was ground in a chilled pestle-motar kept in an ice

[23]. In this technique, a smart macroaffinity ligand selec- bath. The homogenate was centrifuged at 12,809 for

tively precipitates the target protein in response to a suit- 30 min at £C. The supernatant of mycelial extract was used

able stimulus. Earlier, it has been shown that chitosan canfor chitinase assay.

be used as a macroaffinity ligand for some lecf¥] and

lysozyme[25]. In this work, initially chitinases fronNeu- 2.2.3. Preparation of enzyme extract from cabbage

rospora crassacabbage and puffballs have been purified by  Fresh cabbageBfassica oleracenleaves (250 g) were

affinity precipitation using chitosan as a macroaffinity ligand. homogenized with 750 mL of 0.1 M acetate buffer, pH 5.2

Encouraged with the successful application of chitosan in a mixer[28]. After the mixture was strained through four

as a macroaffinity ligand for chitinase in affinity precip- layers of cheesecloth, the turbid filtrate was centrifuged at

itation, the purification of the enzymes from unclarified 10,000x g for 10 min (at 10°C). The supernatant obtained

extracts/homogenates has also been carried out by aqueousas dialysed against several changes of 0.1 M acetate buffer,

two-phase affinity extraction. This has been carried out by in- pH 5.2 and used as the chitinase extract.

corporation of chitosan in a poly(ethylene glycol) (PEG)-salt

system. 2.2.4. Preparation of enzyme extract from puffballs

Finally, the results from these two techniques (affinity pre- Puffballs (100g) were washed and homogenized with

cipitation as such and its integrated format with two-phase 200 mL of 0.1 M acetate buffer of pH 5.0 for 1 h at@ in a

agueous extraction) have been compared. Such comparisonmixer. This homogenate was centrifuged at 10,800 for

are valuable since these provide some help to other workers20 min at 10°C and used for chitinase enzyrf#9].

to choose between various options. Affinity precipitation, pH and temperature optimization
work were carried out with clarified crude extract after cen-
trifugation. The agueous two-phase purification was carried

2. Materials and methods out directly with an unclarified crude homogenate.

2.1. Materials 2.2.5. Preparation of chitosan solution
Chitosan is a cationic polysaccharif&0]. It becomes

Chitosan (Cat. No. C-0792), chitin (from crab shells, Cat. reversibly soluble (pH < 7) and insoluble (pH > 7). Chi-
No. C-7170) andN-acetylp-glucosamine were purchased tosan solution was prepared by dissolving 1g of chitosan
from Sigma (St. Louis, MO, USA). Poly(ethylene glycol) in30mL of 1% acetic acid and then precipitation was carried
6000 was obtained from E. Merck, Mumbai, Indi.crassa out by raising the pH to 8.0 by addition of 3M NaOH. The
culture was obtained from Indian Type Culture Collection precipitated chitosan was washed three times with 0.01 M
(ITCC), Mycology Division, Indian Agricultural Research  Tris—HCI buffer, pH 8.0 and again solubilized in 50 mL of
Institute (IARI), New Delhi, India. Puffballs were purchased acetate buffer, pH 5.0 to get the final concentration of 2%
from Snow view Mushroom Laboratory and Training Centre, (w/v).
New Delhi, India. Cabbage was obtained from local market.

All other chemicals were of analytical grade. 2.2.6. Preparation of chitin suspension
The chitin suspension was prepared by adding 1 g of chitin
2.2. Methods in 100 mL of buffer (0.1 M Tris—HCI, pH 6.5 foN. crassa
0.1 M acetate buffer, pH 5.2 for cabbage and 0.1 M acetate
2.2.1. Culture conditions of N. crassa buffer, pH 5.0 for puffballs, respectively) and stirring it for
N. crassawas conveniently grown at 25-28 in 5-gal 3h at 25°C. The suspension was stirred again before use.
polycarbonate carboys containing 15 L of minimal medium
plus 2% sucrosf6]. Carboys were inoculated with:2 10° 2.2.7. Determination of enzyme activity

conidia (6 days old) per mL. The contents of the carboyswere  Chitinase activity using chitin, as substrate, was deter-
agitated for 48 h by air, forced through a sterile cotton filter. mined, as described by Chang et #8]. One unit of
The mycelia were collected on a Buchner funnel covered enzyme activity is defined as the amount of enzyme re-
with cheesecloth. The mycelial mass was washed thrice with quired for the formation of fumol of the product (estimated
distilled water and finally with buffer, and pressed against as N-acetylglucosamine) per minute, under standard assay
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conditions. The amount of reducing sugar was estimatedand other insoluble matter. After vortexing, the phases were
by dinitrosalicyclic acid methofB1]. The activity measure-  separated. The volume of the total system, before adding the
ments were carried out by withdrawing aliquots in the range crude extracts/homogenates, was 4.0 mL (without chitosan)

of 100-50QuL. and 5.0 mL (with chitosan), respectively. Chitosan distribu-
tion was restricted to the PEG-phase with less than 4% (of the
2.2.8. Protein estimation initially added amount) going to the bottom-phase. Chitosan

Protein concentration was estimated by the dye-binding concentration in the two phases was estimated by phenol sul-
method using bovine serum albumin as standia2l These furic acid method33]. The top-phase containing the enzyme
estimations were done by withdrawing aliquots in the range bound chitosan was removed with a pipette after 20 min. Chi-

of 100-50QuL. tosan was precipitated by adjusting the pH to 7.0, using 3M
NaOH [30]. The precipitate was centrifuged at 12,000y
2.2.9. Purification of chitinase by affinity precipitation for 5min at 10°C. The supernatant and subsequent wash-

The chitinase extracts frol. crassacabbage and puff-  ings with buffer (till no enzyme activity was detected in the
balls (1.0 mL containing 15, 27 and 35 U, respectively) were washings) were collected. Bound chitinase was calculated
added separately to 0.5% (w/v) of chitosan solution and by the difference of initial activity and activity recovered
2.75mL of the buffer (0.1 M Tris—HCI, pH 6.5 fd\. crassa in supernatant and washings. The bound activity was later
0.1 M acetate buffer, pH 5.2 for cabbage and 0.1 M acetate eluted by incubating the chitosan precipitate (having bound
buffer, pH 5.0 for puffballs, respectively). The final volume enzyme) with 2.0 M MgCl prepared in the respective as-
was made to 5.0 mL. After incubation, for 20 min at°10) say buffers (just like the case of affinity precipitation experi-
the polymer was precipitated by adjusting the pH to 7.0 using ments). MgC} was removed by dialysis by dialysing against
3 M NaOH[30]. The suspension was centrifuged at 12,000 respective assay buffer before determining the recovered en-
x g for 5min at 10°C. The precipitate was washed with re- zyme activity.
spective buffer till no enzyme activity was determined in the
washings. Bound chitinase activity was calculated by the dif- 2.2.11. Polyacrylamide gel electrophoresis
ference of initial activity added to chitosan solution and the ~ Sodium dodecyl sulfate—polyacrylamide gel electrophore-
activities recovered in supernatant and washings. The boundsis (SDS—PAGE) with 12% acrylamide was performed fol-
activity was later eluted by incubating the chitosan precipitate lowing the procedure of Hamd84] using Hoefer Mighty
(having bound enzymes) with 3.0 mL of 2.0 M MgQire- Small 1l; SE 250 Mini-Vertical Gel Electrophoresis Unit
pared in the respective assay buffers (after dissolving MigCl (Amersham Pharmacia Biotech, USA). The molecular mass
the pH had to be adjusted back to the assay buffe[38H). markers consisted of mixtures prepared from a standard kit,
MgCl; at this concentration interfered with enzyme assays which was obtained from Sigma (St. Louis, MO, USA). The
and was removed by dialysis, by dialysing against the respec-standard kit included lysozym#&i¢ 14,300),3-lactoglobulin
tive assay buffer before determining the recovered enzyme(M; 18,400), trypsinogenM, 24,000), albumin eggM
activities. 45,000), albumin bovineM; 66,000) and phosphorylase

(My 97,400).
2.2.10. Preparation of PEG—-salt two-phase system

Stock solutions of 44% (w/v) PEG 6000 and 20% (w/v)
dipotassium hydrogen orthophosphatek#O,) were pre- 3. Results and discussion
pared in distilled water and pH was adjusted to 5.5. The
concentrations of the two-phase components are given as % N. crassacabbage and puffballs are well known sources
(w/v). Agueous two-phase systems used were composed off chitinaseg26,28,29] In order to establish assay condi-
22% PEG and 10% POy, respectively. After vortexing  tions with chitin as the substrate, the pH optima (6.5, 5.2 and
for a minute, two distinct phases were formed within 5min 5.0) and temperature optima (40, 45 and 30) of chitinases
at 25°C. Crude extracts of chitinases were added to the sys-from N. crassacabbage and puffballs, respectively, were de-
tem. The volumes of these extracts were 330, 385 an@b00 termined. These were found to be similar to those reported
from N. crassacabbage and puffballs, respectively. with chitin (in case ofN. crassaand puffballs)[26,29] and

Binding of chitinases fronN. crassa cabbage and puff-  ethylene glycol chitin (in case of cabbad2y] as substrate.
balls with chitosan as macroaffinity ligand in PEG—salt aque- These assay conditions (pH and temperature) were used for
ous two-phase system. Aqueous two-phase separation usingnonitoring purifications.
the PEG—salt system was used after incorporating 0.5% (w/v)  Chitosan is structurally very similar to chitin, it is obtained
chitosan solution. Extracts/homogenates containing chitinaseby partial deacetylation oN-acetylglucosamine moeities
activity from N. crassa cabbage and puffballs (15, 27 and present in the latter. Many of the chitinases also hydrolyze
35U, respectively) were added separately to the aqueouschitosan. Hence, before using chitosan as a macroaffinity lig-
systems. During the purification work, unclarified crude ex- and, it was necessary to check whether itis degraded by chiti-
tracts/homogenates were used. In such cases, PEG and sattases during the process time and conditions. It was found
phases were separated by an interface consisting of cell debrishat no detectable (by reducing group estimation with dini-
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trosalicylic acid reagent) degradation of chitosan took place Bound activity (%)
during 1 h (process time for both affinity precipitation as well eluted activity (%)
as two-phase extraction) at 10. —X— Purification fold

3.1. Affinity precipitation 100 - 40

Tables 1-3 constitute the purification tables from
N. crassa cabbage and puffballs, respectively, by affin-
ity precipitation with chitosan. In each case, 82% or more
of initial activity bound to chitosan and precipitated along
with it. In each case, more than 80% activity was recov-
ered by elution of the enzyme from chitosan. The dissoci-
ation of the enzyme from chitosan was carried out by adding
MgCl> solution. Here, MgCl obviously did not work on
the basis of providing high ionic strength alone since chi-
tosan did bind to the enzyme in the presence of phosphate ]
buffer in the two-phase system. It has been pointed out that 25 5 10 15 30 45
MgCl, is effective in dissociating antigen—antibody com-  (a)  Chitinase (Neurospora crassa) activity loaded (U/mL)
plexes because it simultaneously acts via high ionic strength,
chaotropic effects and reduced pH (the lower pH also fa- E==3Bound activity (%)
cilitated the dissociation35]. The fold purifications were FrEmEluted actiy (%)
27, 15 and 30 foN. crassacabbage and puffballs, respec-
tively. In each case, the purified enzyme gave a single band on
SDS-PAGE.

Bound & eluted activity (%)
Purification fold
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3.2. Purification of chitinases by two-phase affinity
extractions
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Fig. la—c shows the variation in extent of activity bound
and eluted (to chitosan in PEG-salt two-phase systems) with
the different starting amounts of chitinase activitids¢rassa
(2.5-45U), cabbage (5-70U) and puffballs (5—65 U)). The
chitinase extracts introduced to aqueous two phases system
were in the range of 70-15@Q.. As number of enzyme
molecules increase, they start occupying available affinity
sites on the incorporated chitosan molecules. As the extent
of occupancy increases, the “crowding effect” prevents easy
access to incoming enzyme molecules. Also, the available
affinity sites are lot less. This gets reflected in the “approach
to saturation” phase with decreased extent of binding of initial
activity load. About 15, 27, and 35U (the volumes of these
crude extracts were 330, 385 and %0Q respectively) as
starting load were found to be optimum. The elution through-
out was above 80% of the bound activity.

Fig. 2 shows that incorporation of 0.5% (w/v) chitosan
was adequate for binding the. crassachitinase activity.
Increasing the concentration beyond this did not further en- () Chitinase (puffballs) activity loaded (U/mL)

- N ;
hance the percentage binding. Hence, 0.5% (w/v) ChltOsanFig. 1. (a—c) Effect of chitinase activitiedléurospora crass§2.5-45 U),

V_Vas mcorporated while Ca”y'”g- _crassachlt!nase pu”flca' cabbage (5-70U) and puffballs (5-65U)) loaded on the binding, elution
tion by aqueous two-phase affinity extraction. In fact, 0.5% and purification folds. The binding of chitinase to 0.5% (w/v) chitosan as
(w/v) chitosan was also found out to be adequate in the case ofmacroaffinity ligand was carried out as describeSéction 2.2using aque-
cabbage and puffballs chitinases as weiy. 3indicates the ous two-phase system. For the optimization of enzyme units, unclarified
eluted chitinase activities!\( crassa and puriﬁcation folds crude extracts were used. Bound chitinase activity was calculated by the

. . o difference of initial activity loaded and the activities of the supernatant and
with different concentrations of Mggl washing.

Table 4is the enzyme purification table for chitinase from

N. crassain this case incorporation of chitosan resulted in

z

Chitinase (Cabbage) activity loaded (U/mL)
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Table 1

Purification of chitinase frorlNeurospora crasshy affinity precipitation with 0.5% (w/v) chitosan solution

Step Activity (U) Protein .g) Specific activity (U mg?) Yield (%) Fold purification
Crude 150 3000 50 1000 10
Supernatant + wash .a 2100 08 110 0.2

Elution 128 95 135 830 27

Purification was done as described un8ection 2.2using clarified crude extract. The elution of the bound activity was carried out using 3.0 mL of 2.0M
MgCl, at 10°C for 20 min. The activity was determined after extensive dialysis of Mgl the experiments were performed in duplicate and the difference
in the readings in the duplicates was less than 5%.

Table 2

Purification of chitinase from cabbage by affinity precipitation with 0.5% (w/v) chitosan solution

Step Activity (U) Protein .g) Specific activity (U mg?) Yield (%) Fold purification
Crude 27 463 58 1000 1

Supernatant + wash 5 349 B 185 0.2

Elution 22 25 880 82 15

Purification was done as described un8ection 2.2using clarified crude extract The elution of the bound activity was carried out using 3.0 mL of 2.0 M
MgCl; at 10°C for 20 min. The activity was determined after extensive dialysis of Mg&ll the experiments were performed in duplicate and the difference
in the readings in the duplicates was less than 5%.

Table 3

Purification of chitinase from puffballs by affinity precipitation using 0.5% (w/v) chitosan

Step Activity (U) Protein .g) Specific activity (U mg?) Yield (%) Fold purification
Crude 35 1100 32 100 1
Supernatant + wash 3 700 5 9 -

Elution 315 33 960 90 30

Purification was done as described un8ection 2.2using clarified crude extract. The elution of the bound activity was carried out using 3.0mL of 2.0 M
MgCl; at 10°C for 20 min. The chitinase activity was determined after extensive dialysis of M@@lthe experiments were performed in duplicate and the
difference in the readings in the duplicates was less #%.

drastic increase in partitioning of chitinases in PEG-phase. lower salt-phase. In fact, presence of chitosan also decreased
This is understandable since 96% (w/v) chitosan was presentthe activity loss due to chitinases activity remaining associ-
in PEG-phase. In all the three casbk ¢rassacabbage and  ated with cell debris etc. and forming the interfacial insoluble
puffballs), not more than 6% (w/v) chitinases remained in the mass.

120 1 [T Eluted activity
—_ —8— Purification fold
2 100 € 100 T +40
T
S 807 — T35
s —_ ey 71\ -
= Q9 L R M| +30
2 601 < BE : : - 3
2 = 5
a 2 st 24 25 -
F 2 S 5
> ‘g, - +20 s
2 iy RS
£ 20 o +15 =
< =]
i f] +10 &
0 7 . )
0 0.5 1 1.5 . . TS
Chitosan (%w/v) o P WS RN S N A B 0
0.1 0.5 1 1.5 2 25
Fig. 2. Binding of chitinases frorhleurospora crassaxtract to different Magnesium chloride (M)

concentrations of chitosan. Different aliquots (such that final concentrations

were 0.05, 0.1, 0.2, 0.5, 0.7, 0.9 and 1.1% (w/v), respectively) from 2% Fig. 3. Effect of different concentrations of MgGbn elution and purifica-
(w/v) chitosan solution were added to the aqueous two-phase system, aftertion folds of Neurospora crassahitinase using aqueous two-phase system.
which 1.0 mL enzyme solution (containing 15 U) was incorporated. Later The activity initially added to the polymer is taken to be 100%. Controls
the aqueous two-phase system was vortexed and separated as mentionezbnfirmed the interference of Mg€in the determination of enzyme activ-

in Section 2.2 The chitinase activity was determined in supernatant using ity. All the experiments were done in duplicates and the difference in the
chitin as substrate to determine the amount of bound activity. results in duplicates was less than 5%.
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Table 4
Purification of chitinase froMNeurospora crassasing PEG—chitosan salt two-phase system
Steps Activity (U) Proteini{g) Specific activity (U mg?) Yield (%) Fold purification
15.02 3000 5.02 100.¢ 1.08
Lower-phase (salt)
No chitosan 5 1200 43 340 10
+Chitosan ® 1400 06 6.0 -
Interface
No chitosan D 800 38 200 10
+Chitosan o 700 10 30 -
Upper-phase (PEG)
No chitosan & 500 124 410 25
+Chitosan (supernatant and washing) .70 300 23 5.0 10
Elution 129 75 172 860 34

Purification was done as described un8ection 2.21sing unclarified crude extract. The elution of the bound activity was carried out using 3.0 mL of 2.0M
MgCl, at 10°C for 20 min. The activity was determined after extensive dialysis of Mg&ll the experiments were performed in duplicate and the difference
in the readings in the duplicates was less than 5%.

2 Crude extract.

Use of reversibly soluble—insoluble macroaffinity ligand 4. Conclusion
like chitosan allows to recover PEG-phase since chitosan and
chitosan bound protein can be separated by increasing the pH It is worthwhile to compare the fold purifications and ac-
to 7. The enzyme can be recovered from this precipitate by tivity recoveries obtained for chitinases frawn crassacab-
MgCl. Inthe case oN. crassa34-fold purificationand 86%  bage and puffballs with affinity precipitation and aqueous
recovery of the chitinase activity could be obtained. Similar two-phase affinity system as two different purification strate-
results were obtained with cabbage and puffballs. The cab-gies. Although, activity recoveries obtained were similar in
bage enzyme was purified 20-fold with 80% activity recovery allthe three casesl( crassacabbage and puffballs) with both
and puffball enzyme could be purified 38-folds with 88% re- techniques, two-phase affinity extraction consistently gave
covery of the chitinase activity. The purified enzyme gave a higher fold purifications as compared to affinity precipitation.
single band on SDS—PAGE with molecular mass of 30,000 This is understandable since in the format used here, two-
for cabbage Kig. 4). The single bands were also obtained phase affinity extraction is inclusive of some of the features
for purified chitinases from\. crassaand puffballs, agreeing  of affinity precipitation. Moreover, two-phase affinity extrac-
with the earlier reported values of molecular mass of chiti- tion allows one to deal with crude extracts’/homogenates di-
nases from these sourd@$,29] rectly without preclarification/centrifugation. A major con-
straint of two-phase affinity extraction has been the cost of
polymeric phases. Use of PEG—salt (instead of PEG—dextran)
as two-phase system and removal of target protein along with
chitosan would allow the reuse of PEG-phase. While we have
not tried recycling of chitosan, we expect results similar to
those of Senstad and Mattias§@d]. Thus, it may be pos-
sible to recover chitosan to a significant level but some re-
plenishment (10-20 %) would be required in each cycle. If
purity and preclarification costs are not major issues, affin-
ity precipitation itself can be used for obtaining chitinases
as this technique itself gave a single band on SDS—-PAGE.
The results described here show that two-phase affinity ex-
traction with chitosan as a macroaffinity ligand may become
an economical, efficient and scalable approach for obtaining
chitinases from diverse sources.
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