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ABSTRACT

Natural soil and 18 Streptomyces isolates, most of

which 1lysed living and killed mycelium of Glomerella cingu-

lata (Ston.) Spauld. and Schrenk, dissolved chitin in agar.
Dezradation of chitin was always correlated with growth of
bacteria or actinomycetes from the soll onto the agar.

When Chloromycetin was added to natural soll and agar, no
lysis of chitin occurred, although fungl from the soll grew
abundantly throughout the agar ard soll.

An extracellular chitlnase was produced when Streptomyces
1solate 8 was grown on a mineral medium with colloidal chitin.
The enzyme was adaptive. The addition of soluble carbon
or nitrogen sources to the medium decreased chitinase pro-
duction. Maximum production of chitinase by Streptomyces
1solate 8 occurred usinz a mineral medium plus 0.25%
colloidal chitin which was incubated at 27° C for 4 days.

Chitinase was concentrated by pervaporation to 1/5
6r1g1nal volume, then chilled to 1° and precipitated with
chilled (=-18°) ethanol (ETOH). The enzyme was resuspended
in 0.005 M phosphate buffer at pd 7.0. Activity was
measured by recording changes in turbidity of a mixture of
chitinase ard chitin. Dilutions of such preparations plotted
against opticel density gave a straight line on loz-log
paper. Such prepsrations when stored in the cold (-189°)
remaired stable with no change in position or slope of the
dosage=-response curve during the study. Dosage-response

curves made of preparations of chitinase in culture filtrate
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and pervaporated culture filltrate had the same slope as the
ETOH-precipitated preparations. Chitinase concentrated by
pervaporation then precipitated with ETOH was purified 3.5
times on a dry weizht basls, had a specific activity of
988, and contalred 95.6% of the oriziral activity from the
culture filtrate. These preparstions had a broad optimum
pH range of 5.5-7.5 and showed maximum activity when assayed
at 37°. Five minutes of boilinz inactivated the enzyme
preparation.

Each mg of chitin desraded by ZT0H-precipitated chitinase
formed 0.45 mz of N-acetylzlucosamine (NAGA). This enzyme
preparation had no effect on NA3A., Paper chromatograms
of the products of chitinase reacted with chitin substrate
showed the formation of 2 sugars, having Ry values of 0,40
and 0.30. NAGA stardard had an Re of 0.40. The enzyme prep-
aration was moved 11.5 cm toward the cathoce at pH 7.8, and
remained as one detectable component.

Inhibition of germ tubes of G, cingulata following ger-
miration was produced by culture filtrates, (NH4)2SO4-precipi-
tated chitinase, and supernatant (free of ETOH) from ETOH-
precipitated chitinase preparations. No such effect occurred
with chitlnase precipitated by ETOH.

Quantitative det:rminations of the effect of LTOH=-
precipitated chitinase on mycelium of G. cinzulsta were made
at 37°, Chitinase on killed mycelium produced NA3A and a
16% loss in dry weight. Percert chitin removed (based on

mg NAGA converted in terms of mg chitin) was 4.8. Chitinase



on living mycelium produced hizh quantities of NAirA, but
no detectable weisht loss. The reaction mixtures when
chromatographed with n-butanol-acetic acid-water showed
2 sugars having the same Re values (0.40 and 0.30) as those
produced when chitinase was reacted with chitin. The NAGA
standard again had the same Ry of 0.40.
Chitinase lysed killed agar cultures of G. cinzulata
at 24°, 28°, and 37°, but lysed living mycelium only at 37°,
Detectable quantities of chitinase were recovered from
soil 51 hours after soll had been supplemented with the

enzyme, Soll containing chitinase lysed chitin in agar after

standing at room temperature one week.
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INTRODUCTION
If chitinase=-producing organisms can degrade chitinous
residue in soil, such an enzyme might have a role in natural
s0il funzitoxicity. Evidence that living and dead mycelium

of Glomerella cingulata (Ston.) Spauld. & Schrenk and other

fungl can be lysed by ratural soll, sterile soill inoculated
with Streptomyces 1solates, (13) and Streptomyces isolates
themselves (5) would suggest that enzyme systems may be
playing an active part in soil fungitoxicity. Since
mycelium of G. cingulata contains chitin in its cell wall,
an active chitinase enzyme system must have accounted for
dissolution of the chitin portion of killed and possibly
living mycelium (4). Therefore, a study of the chitinase
system of one of the Streptomyces 1soletes known to lyse
living and dead mycelium was undertaken to determine what

role, if any, chitinase may play in natural soil fungitoxicity.



HISTORICAL REVIEW

Early works on chitin degradation by soil microbes
dealt mainly with classification of chitin-decomposing
organisms for taxonomic purposes. Benton (2) cites Benecke
as the first to describe a bacterium which used chitin as
food. Benecke prepared chitin from crab shell and added
it to water containiﬁg a weak mineral solution. He inocu-
lated this medium with rotting plankton from the bottom of

Kiel Harbor and isolated an organism named Bacillus chitino-

vorous Benecke. Benton reviewed earlier attempts to classify
chitinovorous bacteria, then described 250 isolates herself.
She also found that actinomycetes produced chitinase but
made no attempt to classify them. Johnson (11) did much
the same work in describing bacterial growth on and decompos=-
ition of crab shell chitin, First attempts at a quantitative
estimate of numbers of chitin-lysinz organisms in soil were
made by Skinrer et al (18). They iroculated a mineral
medium containing a strip of bleached crab shell chitin with
21 soll types and found that soil has a larger population
of true bacteria than of molds or actinomycetes which are
capable of destroying chitin.

Early works by Karrer and Hoffman (12) and others
helped to establish the chemical nature of chitin. They
worked with chitinase secured from snalls and used HCl-
precipitated chitin. They detected 50% N-acetylglucosamine
production from chitin breakdown, but found only traces of

glucosamine. Zobell and Rittenberg (22) isolated
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chitinoclastic bacteria from sea water and studled 31 pure
cultures. They detected the liberation of ammonia or acild
from chitin and detected some reducing sugars. Veldkamp (21)
isolated 2 strains of chitinovorous bacteria and grew them
in a mineral medium containing chitin. The concertrated
culture filtrate was chromatographed, and the presence of
acetylzlucosamine and glucosamine coupled with the formation
of acetlic acid and ammonia was shown. He concluded that
both strains had the ablility to form ammonia by deamination,
but was rot able to detect any glucose. Recently, Reynolds
(17) found that when a concentrated cell-free chitinase
preparation from a Streptomyces sp. (later identified as
S. griseus (Krainsky) Waksman and Henrici) was reacted with
chitin, 2 sugars were found, N-acetylglucosamine arnd the
corresponding diseccharide, N-N-diacetylchitoblose. Jeuniaux
(8) found that when chitin was used as the sole carbon
source in a medium, 98 of 100 Streptomyces cultures liberated
chitinase into the medium. The addition of glucose was
found to decrease chitinase production. Recently, Jeuniaux
(10) workinz with a Streptomyces chitinase has shown that
chitinase activity can be concentrated 70 times by mass
adsorption of chitinase onto chitin under acid conditions,
followed by washing and restoring the pH. This method
removed proteolytic and cellulolytic activity as well as
pigments and reducing sugars. Ultracentrifuzation indicated
that the solution was homogeneous and had a molecular weight

of 30,000, Usingz electrophoresis at pH 8.2, the proteins



were found to migrate to the cathode as 3 components. When
these differert fractions were quantitatively analyzed, 3
chitinases having the same specific activity per mg protein
were resolved. Berger ard Reynolds (3) showed 3 separate
enzyme components, two chitinases and a chitoblase by starch
electrophoresis of a crude chltinase produced by S. griseus.
Recent work by Horikoshi and Iida (6) showed that a
crude chitinase preparation from a straln of S. griseus lysed

living mycelium as well as dead washed cells of Aspergillus

oryzae (Ahlburg) Cohn especially when accompanied by a 1lytic
bacterisl enzyme.

Jenson (7) strongly implicated bacteria and actinomycetes
in the bilological utilization of chitin in soill. He added
several grams of powdered cell wall from a Lepotia sp. into
2 different soil types ard showed a tremerdous increase in

numbers of bacteria and actinomycetes in soil after 20 days.



MATERIALS AlI'D METHODS

Cultures of G. cingulata ard Streptomyces isolates.--—
Seventeen Streptomyces spp. lytic to living and killed

cultures of G. circulata isolated from soil by Lockwood (14)
were grown in pure culture on yeast extract-glucose agar
(per liter: yeast extract, 2 g; glucose, 20 g; acar, 20 g)

in tubes. Streptomyces scabies (Thaxter) Waksman arnd Henrici

was also included. For studies on the lysis of mycelium

and of chitin, conidial suspensions from tubes were streaked
in duplicate onto living and killed cultures of G. cingulata
on peptone agar (per liter: agar 20 g; peptore, 5 g), and

on chitin plates supplemented with Czapek's salts (per liter:
NalOz, 2 g3 KoHPO4, 1 g; KC1, 0.5 g3 MgS04°7 Hg0, 0.5 g3
FeS0,, 0.01 g).

Cultures of G. cinculata were mairtained on potato-dextrose
agar (PDA) (per liter: extract from 200 g potatoes; glucose,
20 g; agar, 20 g) in tubes. For the preparation of cultures
of G. cingulata for assay purposes, approximately 1 x 107
conidia in 50 ml water were mixed with 200 ml of cooled
(42°C) peptone agar. TFifteer ml aliquots were pipetted
into sterile petrl plates. For studies on inhibition of
spore germiration the plates were used immediately by placing
sterlile stalnless steel cylinders on the surface of the agar.
faterial to be assayed was placed inside the cylinders.

Living cultures of G. cingulata were prepared by incu-
bating freshly prepared plates at 26° for 4 days. Killed

cultures were prepared by placing 3 day-old cultures with



the 1ids ajar in a desliccator contalning 20 ml of propylene
oxide in a beaker. Plates were removed 8 hours lsaster,
closed, and allowed to stand 18 hours before use.

Mycelial mats of G. cingulata were prepared by inocu-
lating 50 ml of 0.5% peptone broth in 250 ml Erlermeyer flasks
with 2 x 10% conidia of G. cingulata. The flasks were
incubated 1 week, unshaken, at 25° until a mycelial mat
developed on the surface. Killed mats were prepared by
autoclaving week-old cultures for 30 minutes at 121°.

Preparation of chitin--Crude chitin (Nutritional Bio-

chemical Co. Cleveland, Ohio) was bleached by soaking 20-30 g
in a 250 ml Erlenmeyer flask for 8-12 hours alternately with
50 ml1 of N HCL and N NaOH for a period of 5§ deys. Flasks
were placed on a rotary shaker at 27°. The product was
extracted with hot 95% ethanol (ETOH) in a Soxhlet apparatus
for 2 hours (18 extractions) at which time the solvent was
colorless. The extracted chitin was dried at 100°,

Milled chitin was prepared by grinding the bleached
chitin to a fine powder usling a 60-mesh screer in a Wiley
mill,

Colloidal chitin was prepared in the following manner:
Fifty g of bleached chitin was dissolved with stirring for
20-30 minutes in one liter of a mixture of HgSO4 and Hg0
(50/50 by volume) which was prechilled to 10° to reduce
hydrolysis. The dissolved chitin was filtered through

glass wool in a Blichner funnel ard the filtrate was stirred

into 15 volumes of distilled water, precipltating the chitin



in a colloidal state. Thils material was dialyzed against
running tap water for 3 days at which time the pH was near
neutral, then azainst distilled water for 2 weeks. The
colloidal chitin was concentrated by hangingz up the dialysis
bags, allowing the chitin to settle and pipetting off the
excess water., The volume of the chitin suspension was
determined and slliquots were oven-dried to determine the
weight per ml. Such a procedure gave an 80-90% recovery

of chitin in a colloidal state. The chitin suspension was
then chromatographed on paper to determine 1f sugars were
present. A colorimetric determination for N-Acetylglucosamine
was also made.

Using a 2-fold dilution series of colloidal chitin, a
starndard curve was made. Optical density (0.D.) readings
were taken for each dilution in a spectrophotometer (Bausch
ard Lomb Spectronic 20) at 525 mu. The 0.D. readings were
also plotted on log=-log paper against concentration of
chitin in mg.

Chitin-agar plates were prepared by aseptically pipetting
10 ml of 2% water agar (Difco) into petri plates. After
cooling, 5 ml of a solution containing 1.5% water agar
(Difco) and 0.25% colloidal chitin was pipetted on top of
the flrst layer with swirling.

Preparation of soils.-- "Natural soil" was prepared by

mixing equal portions of muck ard Conover loam soil. The
mixture was sifted to remove any debris and water was added

with mixing until the soill was falirly mosit, but still



retalned its structure. "Sterile soil" was prepared by
adding moistened natural soil to 250 ml Erlenmeyer flasks

to a depth of 3/4 inch (60-70 g). The flasks were plugged
with cotton and covered with aluminum foill to prevent drying
and were autoclaved one hour each day for 5 days. "Inoculated
soil" was prepared by inoculating cool, sterile soil with a
heavy conidial suspension of Streptomyces isolate 3, 8, or
14, The inoculated soll was incubated 7 days before using,
then was sprinkled on agar media containing living or

killed G. cingulata or chitin so that the surface was covered
with soil to a depth of 1/4 to 1/2 inch. At 1 and 2 weeks,
1/2 cm=-square pieces of agar contalning living or killed
mycella of G. cingulata from beneath the soll were squashed
in duplicate between 2 microscope slides and examined with

a microscope. Legree of lysis was rated according to the
method of Lockwood (15).

Production of chitinase.--Streptomyces 1solate 8 was

grown on Reynold's mineral medium (per liter: K2HPO4, 0.7 g;
KHoPOy, 0.3 g; MgSO4* 7 HpO0, 0.5 g; FeSO4° 7 Hg0, 0.01 g;
ZnSO4, 0.001 g) using 0.5% milled or colloidal chitin to
determine which medium gave maximum productlion of chitinase.
A soluble carbon source was sometimes added. The pH of

all media was adjusted to 7.0, placed in Erlenmeyer flasks

to 1/56 their volume and autoclaved. The cooled media was
inoculated with 1 ml of a suspension of conidia from Strepto-

myces isolate 8 arnd flasks were placed on a rotary shaker

at 279, After sn appropriate length of time, the culture



was filtered through a Blchner funnel containing a cotton
pad over a medium filter paper (Whatman No. 1), then through
a fine porosity filter paper (Whatman No. 50).

Measurement of chitinase activity.--Chitinase activity

was measured by a modification of the Morgan-Elson colori-
metric determiration for amino sugars (16) or by measuring
a decrease in turbidity of a mixture of chlitinase and
colloidal chitir. The colorimetric method was as follows:
P-dimethylaminobenzaldyhyde (PDAB) was recrystallized by
dissolving in a minimum amount of concentrated HC1l ard diluted
with 3 volumes of distilled water (20). Saturated sodium
acetate was added with stirring until precipitation occurred.
Additional sodium acetate was added to the supernatant until
no more precipitation occurred. The precipitated PCAB was
washed with cool distilled water and air;dried. |

Ten grams of recrystallized PFDAB were dissolved in 100
ml of glacial acetic acid which contained 12.5% (v/v) 10 N
HCl. This color reagert was stored at 10° and diluted with
9 volumes of glacial acetic aclid when used. An 0.8 M borate
buffer (HzBOz) was prepared by edjusting to pH 8.9 with KOH.
The color reagert was used 1in the following manner: One-
half ml of a sample belns tested for NAGA was placed in a
test tube and 0.1 ml of borate buffer was added. The
mixture was boiled 3 minutes, cooled, ard 3 ml of diluted
color reagent was added (2.7 ml glacial acetic acid and 0.3 ml
of color reazent). The tube was incubated for 20 minutes at

37° and read in a spectrophotometer at 585 mnu.
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A standard curve for NAGA was made from a 2-fold
dilution series from a stock solution of NAGA cortaining 1
mg per ml. Colorimetric determinations were made, read in
a spectrophotometer at 585 mp and values were plotted on
log=-log paper against concentration expressed in mg.

The turblidity assay for chitinase was used in the follow-
ing mannery 3 ml of a chitinase preparation and & suspension
of chitin containirg 1.6 mz per ml in 0.005 M phosphate
burfer (pH 7.0), were warmed separately for 10 minutes in
a 37° water bath., One ml chitin suspension was then added
to the 3 ml of enzyme, gently mixed, and an 1nitial reading
quickly taken using a spectrophotometer at 525 mup. The
stock solution of colloidal chitin was prepared so that
when diluted with the enzyme preparation, the initilal read-
ing was 0.40 O0.D. units. The tube was then returned to the
370 water bath and readings were taken at appropriate times,
generally every 10 minutes for 30 minutes.

Using a 2-fold dilution series of the enzyme preparation,
dosage-response curves were determined for culture filtrates,
pervaporated culture filtrates, and ammonium sulfate-and
ETOH-precipitated erizyme preparations.

Protein determinations were made according to the
method of Stadtman et al (19). Three ml-sliquots from a
2=f0ld dilution series of a standard bovine serum preparation
were placed in test tubes and 3 ml of 5% trichloroacetic acid
(TCA) were added, shaken, and a determination made with a

spectrophotometer at 540 mp 30 seconds later. Controls
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included a water blank, a 0.005 M phosphate blank, a 3 ml
protein plus 3 ml water blank and a TCA blanks The read-

ings were plotted on loz-log paper against mg of protein,
giving a standard curve for TCA-precipitated proteln.

Protein determiration was made for culture filtrate, pervapor-
ated culture filtrate, and ETOH-precipitated chitinase. Units
of chitinase were also determined for each preparation so

that specific activities (units of chitinase per mg protein)
could be determined.

Paper chromatography.--Orie dimensional paper chromato-

grams using n-butarol-acetic acid-HgO (40:10:22) were run
in an ascending column on Whatman No. 1 chromatography
paper. Samples from reaction mixtures of chitirase plus
chitin or chitinase plus mycellum of G. cingulata were
spotted along with controls., After the solvent had dried,
the spots were developed by dlpping the paper in saturated
aqueous AgiOz diluted in 200 volumes of acetone. After
drying, the paper was dipped in a I NaOH solution diluted
5 times in methanol, until the spots developed sufficlently.
The paper was then rinsed several times in tap water and
dipped finally in a 5% solution of NagSgO. After drying,
spots were circled and Re values computed. |

Electrophoresis.--Attempts to migrate the enzyme by

electrophoresis (RZCO Model E-800-2 Migration Chamber) were
mede on beds of 1 and 1.5% agar. PH levels of 6, 7, and
7.8 were tried, using 0.005 M phosphate buffer. One-tenth

ml of an ETOH-precipitated chitinase preparation contsining
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512 units per ml was placed at the origin and allowed to
mizrate for 8-18 hours at 250 volts. Activity was detected
by spraying the agar bed with colloidal chitin and looking
for clear zones formed by the dissolving of chitin 6 hours
leter.,

Preparation of soils with chitinase,-=-One-half ml

aliquots of an ETOH-precipitated chitinase preparation con-
taining 140 units per ml were placed in test tubes contain-
ing 1 g alr-dried riatural or sterile soil. One ~half ml

was also placed in tubes contalning no soil to serve as
controls. At approprliate times, duplicate tubes were diluted
with 3 ml of 0.005 M phosphate buffer, pH 7.0. The solls
were mixed and centrifuged. Equal volumes of clear super-
netant from the solls and the control were assayed for chitinase
activity using the turbidimetric method. The residue was
drained of excess supernatant and placed directly on chitin
plates to qualitatively assay for chlitinase activity. Within
18 hours the soll was removed and the plates were observed
for lysis of chitin. To further test the stability of
chitinase in soil, 1/2 ml of a chitinase preparation contain-
ing 512 units per ml was placed in 1 g natural soil and

left at room temperature. Samples were placed on chitin
plates daily and assayed within 18 hours to determine how
long chitinasse remained active in soll. Natural soil was

used as a control.
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RESULTS

Effect of Streptomyces 1solates on living and killed

cultures of G, cinculata and on chitin.--~Eighteen i1soclates

most of which were known to have lytic action on living or
killed mycelium of G. cingulata were streaked on living and
killed cultures of G, cingulata and on chitin plates to
determine if these 1solates were chitinase producers. After
10 days, all isolates lysed chitin and almost all lysed
living and killed cultures of G. cingulata (Table 1). Results
suggest that chitinase may be involved in lysis of living
or killed mycelium, but there was rno quantitative relation-
ship between diameters of zones on living ard killed
mycelium and chitin plates. However, chitinase production
appears to be a common phenomenon smong lytic streptomyces.
Streptomyces isolates 3, 8, and 14 were selected for further
studies because of their superior ablility to lyse killed
mycelium of G. cingulata.

Lysis of 1living and killed cultures of G, cingulata

and chitin by soil.--Natural soil and sterilized soil

inoculated with Streptomyces 1isolates 3, 8, or 14 were
placed on agar plates contalning chitin or living or killed
mycelium of G. cingulata. Sterilized soll and untreated
cultures were used as controls. After 1 week both living
ard killed mycelium were lysed by natural and inoculated
soll, whereas sterile so0il had ro effect. Chitin was lysed

underneath and at a distance from the soll by inoculated

and natural soils (Table 2). Both natural and inoculated



Table l.--Lysis of living or killed cultures of
Ge. cingulata or chitin in agar media by
Streptomyces isolates streaked on the
surface for 10 days.

Diameter of lytic zone, mm

Living Killed
Isolate Mycelium __ Mycelium Chitin

1 13 2 6

2 13 3 6

3 8 5 5

4 3 4 4

5 ¥ 1l 5

6 10 2 5

7 12 0 3

8 11 4 6

9 2 3 4
10 12 2 5
11 15 3 3
12 #* 3 4
13 10 2 5
14 4 5 4
15 %* 2 6
16 #* 2 7
17 % 1 3
S. scabies 13 3 5

# No growth of 1solate
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Table 2.--Lysis of living and killed cultures of G. cingulata
and of chitin in agar media by retural soils and soils
inoculated with Streptomyces isolates.

Lysis:;ndexa

Subs trate Soil 1l week 2 weeks
Living G. cingulata Natural 1 0
Streptomyces # 3 2 2
Streptomyces # 8 2 2
Streptomyces # 14 2 1
Sterile 4 4
None 4 4
Killed G. cingulata Natural 0 0
Streptomyces # 3 2 1
Streptomyces # 8 2 0
Streptomyces # 14 2 0
Sterile 4 4
None 4 4
Chitin Natural £ 4
Streptomyces # 3 £ £
Streptomyces # 8 £ £
Streptomyces # 14 £ £
Sterile - -
None - -

8L,ysis index from O-4 with O indicating all mycelium lysed;
1, 1-5% of original mycelium remaining; 2, 5-50%; 3, 50-90%;
4, 90-100%; ¥ indicates lysis; - indicates no lysis.



16

soils and the Streptomyces 1solates themselves all have the
ability to lyse living and killed mycelium of G. cingulata
and chitin in agar. Such results would terd to 1mplicate
actinomycetes as a factor in the lysis of fungl by natural
soll. The fact that lysis occurred whether the lytic
Streptomyces isolates were tested as streaks directly on

the agar surface or in soll sugzests that the chemical
agents responsible for lysis of mycelium of G. cingulata and
chitin are not inactivated by soil colloids.

To determine the time required for natural soil and
soll inoculated with Streptomyces 1solate 8 to lyse chitin
in agar, samples of these soils were placed on chitin
plates and were assayed dally by removing a portion of soil
end observing for disappeararce of chitin. Half the plates
were covered with 5 ml of a 1% clear agar layer. Other
treatments included natural and inoculated soils to which
was added 20 ml of 100 ppm Chloromycetin per 60 g of moist
soil. These solls were placed on chitin plates containing
100 ppm Chloromycetin per ml. This concentration of
Chloromycetin did not interfere with the activity of the
enzyme (Table 3). To determine the time required for lysis
of chitin by isolate 8, conidia of this organism were
streaked directly on chitin plates supplemented with Reynold's
mireral medium. Half of these plates contaired 100 ppm
Chloromycetin, Lysis of chitin occurred underneath and
adjacent to natural and inoculated soils and under the

streaks of 1solate 8 within 2 to 3 days except when Chloromycetin



Table 3.-=-Effect of Chloromycetin on chitinase

activity.
Units of chitin-
Treatment ase per ml@
Enzyme £ Substrate 36

Enzyme £ Substrate § 10% Acetone® 20
Enzyme f£ Substrate 4 1% Acetone 36
Enzyme £ Substrate # 0.1% Acetone 36

Enzyme £ Substrate # 10% Acetone
£ 1000 ppm Chloromycetin 16

inzyme 4 Substrate f 1% Acetone
# 100 ppm Chloromycetin 32

Enzyme # Substrate ¥ 0.1% Acetone
10 ppm Chloromycetin 32

a Average of 2 readings when assayed in
20 minutes.
Acetone was used as the solvent for
Chloromycetin.
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was present (Table 4). The 5 ml layer coverinz the chitin
did not interfere with the lysis of chitin. Even though
fungal mycelium grew asoundantly throughout the agar and
natural soll containing Chloromycetin, no lysis of chitin
was epparent. Whenever 1lysis of chitln occurred, colonles
of bacteria or actinomycetes were visible. The results did
not change after one week. It eppears that bacteria and
actinomycetes are active producers of chitinase and that
lysis of chitin 1s associated with the biological portion
of soll. Streptomyces 1solete 8 was selected for further
enzymatic studies.

Production of chitinsse.--To determine the biological

effect of chitinase on G. cinzulata, its stabllity in soill,
and other properties, cell-free preparations of an active
chitinase were prepared using Streptomyces isolate 8, All
cultures were incubated at 27°. Preliminary studies with

a medium rich in a soluble carbon source (Fries modified (1))
with and without the addition of 0.5% chitin showed that
chitinase is an adaptive enzyme (Fig. 1l). A much more active
enzyme preparation was produced when Reynold's mineral
medium plus chitin with no other carbon or nitrogen source
was used. A comparison of‘Reynold's mineral medium plus
0.5% milled or colloidal chitin showed that higher levels

of chitinase were produced and that peak production occurred
earlier with colloidal chitin. (Fig. 2). Later, it was
found that 0.25% colloidal chitin instead of 0.5% in culture

media produced as active an enzyme preparation and sooner
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Table 4.--Lysls of chitin by Streptomyces isolate
8, natural soill and soil inoculated with
Streptomyces isolate 8.

Lysis at indica-

ted days after
Treatment inoculation®
1 2 3 7

Natural soil - - £ £
Natural soll # Chloromycetin® - - - -
Inoculated soll - / # 4

Inoculated soil # Chloromycetin - - - =

Streptomyces isolate 8 - £ 4 A
Streptomyces 1solate 8 ¥ Chloro-

mycetin - - - -
Sterile soil - - - -
Sterile soil £ Chloromycetin - = - -

& / indicates lysis; - Indicates no lysis. All
values are averages of 4 replications.

b 100 ppm Chloromycetin per ml in agar. Twenty
ml of 100 ppm Chloromycetin per 60 g soll.
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10

UNITS OF CHITINASE PER ML

A B C LSD

Fig. 1. Effect of varying carbon source
in culture media on production of chitinase
by Streptomyces isolate 8. A) Mineral
medium plus 0.5% colloidal chitin, incubation
period 3 days. B) Mineral medium plus 0.5
colloidal chitin plus 2% glucose, incubation
period 3 days. C) Mineral medium plus 2
glucose, incubation period 3 days. LSD)
Least significant difference at 5% level.



UNITS OF CHITINASE PER ML

A B8 C LSO

Fize. 2. £Eifect of different chitin pre-
parations in culture media on production of
chitinase by Streptomyces isolate 8. A)
0.5% colloidal chitin, incubation period 3
days. B) 0.5% \iley-milled chitin, incuba-
tion period 3 days. C) 0.5, wiley-milled
chitin, incubation vneriod 6 days. 1iSD)
Least significant difference at 5% level.

21
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than 0.5, 0.75, or 1.0% concentrations of colloidal chitin
(Fig. 3). Therefore, for routine production of chitinase,
Reynold's mineral medium plus 0.25% colloidal chitin was
used, and cultures were harvested on the fourth day after
incubating at 27° with Streptomyces isolate 8.

Characteristics of the turbidimetric assay.--A standard

curve was prepared using a 2-fold dillution series of chitirase
concentrated by pervaporation to approximately 1/5 the
original volume, then precipitated with 95% ETOH and resuspended
in 0.005 M phosphate buffer at pi 7.0. The 0.D. readings
for the 2-fo0ld dilutions zave a straight lire when plotted
on log-log paper (Fig. 4). Activity of this preparation was
assigned at 512 units per ml. A 1/8 dilution of this stand-
ard containing 64 units per ml produced a change in 0.D, of
0.14 after 20 minutes at 37°. The standard chitinase prep-
aration was stored at -18° and a dilution series was made
whenever any experiment on chitinase activity was madse.
The slope and position of the dosaze-response curve remalned
unchanged during the course of the chitlnase studies,
indicating chitinase 1s very stable when stored under these
conditions. All other preparations of chitinase gave dosage-
response curves with the same slope as the standaﬁd curve.
Increasing the concentration of chitin in the assay
tubes from a concentration of 0.07 mg per ml to 0.45 mg
per ml gave a straight line when plotted against units of
activity on log-log paper (Fig. 5). At concentrations
higher than 0.45 mg chitin per ml, the curve flattened,
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0.50 %
1S

0.7% %
1.00 %

0.25% o

10

UNITS OF CHITINASE PER ML

A 1 AL

5 6 7
DAYS AFTER INOCULATION

Fig. 3. Effect of varying concentrations of col-
loidal chitin in culture medium in chitinase procuc-
tion by Streptomyces isolate 8.
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"3

PER M
-
<

?

UNITS OF (3'11“38

PSR\ S SR W " R

A8 .30 .43 60
MG OF CHITIN

rig. 5. ©nffect of substrate concentration on chitin--
ase activity. Various concentrations of chitin were
reacted for 2u minutes with the same amount of chitinase.
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indicating that further concentrations of substrate did
not increase the reaction rate appreciably.

When units of chitinase were plotted on log-loz paper
szalrnst mg of chitin degraded, a stralght 1line resulted
having the same slope and position as the standard curve
for chitinase (Fig. 4). By coincidence, the 0.D. reading
itself was a measure of the welght in mg of colloidal chitin
present in the assay tube. A concentration of 0.40 mg of
chitin per ml in the assay tube was selected as the concen-
tration of substrate for all enzymatic assays.

With the 2-fo0ld dilution series used in the preparation
of the standard curve, mg of chitin degraded per unit of
. chitinase was plotted on loz-log paper. A straight line
curve resulted with a descendirg slope (Fig. 6). The amount
of chitin degraded per unit of enzyme decreased with increas-
ing enzyme concentration. However, more concentrated pre-
parations were used for assays to minimize the experimental
error resulting from trylng to detect small changes with
the spectrophotometer. Generally, preparations containing
at least 32 units of chitinase per ml were used for enzymatic
studies.

Effect of concentrating on chitinsse activity.--Freshly

harvested cell=free filtrate was placed in dialysis tubing
ard pervaporated to about 1/5 its original volume. The
enzyme was precipitated from the pervaporated culture
filtrate in 2 ways: 1) Chilled pervaporated culture filtrate
(1°) was brought to 0.75 saturation with (NH4£$04 and left
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standing overnight at pH 6.5-7.0 at 1°. The culture fluid
was centrifuged at 1° for 5 minutes at 6000 rpm end taken

up in 0.005 M phosphate buffer at pH 7.0. 2) Chilled ETCH
(-18°) was added to chilled, (1°) pervaporated culture
filtrate so that the final concentration of ETOHY was 70%.

The precipitated protein fraction was imnediately centrifuged
at 1° for 5 minutes at 6000 rpm. The precipitate was
resuspended in a mirimum volume of 0.005 M phosphate buffer
at pH 7.0. The denatured protein was centrifuged down for

5 minutes at 5000 rpm and the supernatant used for enzymatic
assays. This final preparation was concentrated 45 times

as compared with original culture filtrate. Dry weight
determinations, total protein, and assays of chitinase
activity were made with the culture flltrate, pervaporated
culture filtrate, and ETOH-preclpitated chitinase preparations
(Table 5). Concentrating chitinase by the ETCH method gave

a very efficlent recovery. Little or no loss 1in activity
resulted by pervaporation or precipitation with ETOH. The
final concentrated preparation contained 95.6% of the total
activity calculated in the culture filtrate. Specific
activity (units of activity per mg of protein) was found to
increase slightly, probably due to the removal of the
denatured protein. No attempt was made to separate the
enzyme from the protein fractlon although preliminary
experiments indicated this was possible, following the
purification technique of Jeuriaux (10). Based on dry weight,

the final ETOH=-precipitated preperation was found to contailn
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Table Se.=~Chitinase activity and specific activity of
various chitinase preparations.

Units/
Units/ Total Total mg dry Specific
Treatmen t ml ml units wt. activity
Culture filtrate 16 1000 16,000 7.0 762
Pervaporated culture
filtrate 70 216 15,120 7.5 875

Ethanol-precipitated
preparation 680 22.5 15,300 24.6 988
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3.5 times more activity than the culture filtrate.

PH optimum for activity of chitinase.=-=-Colloidal chitin

and ETOH-precipitated chitinase were placed in separate tubes
and adjusted to appropriate pH values with HCl or NaOH.
Controls included boiled enzyme plus substrate, enzyme

only, and substrate only. Duplicates were made of all assay
tubes. After warming separately for 10 minutes at 37°, the
aliquots were mixed and read agalnst a buffer blank every

10 minutes for 1 hour. Using concentrated enzyme preparations
from 2 different batches of culture filtrate, a broad
optimum pH rarge from 5.5-7.5 was found (Fig. 7). The two
pfeparations, however, gave different values at pH 6.5

(test 1 and test 2). A third concentrated enzyme prepara-
tion was tested (test 3) at pH 6.0, 6.5, and 7.0. The
results were quite similer to test 1. All other enzymatic
studies were made at pH 7.0,

Effect of temperature on chitingse activity.--Preliminary

studies showed little difference in enzymatic activity
between 37° ard 24° when the assay time was one hour or more.
Preparations assayed under still or shaken conditions at 24°
did not differ in activity. Since very active prepara-

tions were prepared when ETOH was used to precipitate the
enzyme, a shorter assay time became possible. Aliquots from
an ETOH=- precipitated preparation were equilibrated in

duplicate for 10 minutes at 24°, 37°, and 42°, Colloidel

chitin in 0.005 M phosphate buffer at pH 7.0 was warmed

separately. After mixing, turblidity measurements were made
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every 5 minutes for 30 minutes. Results showed that 37°
was the optimum temperature for chitinase activity (Fig. &).
This temperature was selected for erzymatic assays. Five
minutes of bolling completely inactivated the enzyme when

a bolled enzyme preparation was desired as a control.

Relationship between chitin degradetion and NAGA for-

mation.--NAGA colorimetric determinations were used 1in
biological assays to measure chitinase activity on mycelium
of G. cinmulata. Slnce quantitative assays of chltinase
were based on turbidimetric measurements, 1t wss desirable
to know the relationship between chitin degradation and
NAGA formation. A 2-fold dilution series of a concentrated
enzyme preparation containing 360 units per ml was reacted
with colloidal chitin for 30 minutes. Checks included
boiled enzyme and substrate, enzyme alone, and substrate
alone. The turbidimetric 0.D. readings were referred to
the standard curve for colloidal chitin to determine mg of
chitin degraded. At the end of 30 minutes all tubes were
bolled and KAGA determinations made. The values were
referred to the standard curve for NAGA to determine mg of
NAGA formed. It was found that 0.45 mg of NAGA was formed
per mg of chitin degraded. This value remained constant
for any dilution for which NAGA was determined when compared
to the corresponding dilution of chitin.

To determine if any enzyme might be present which
could further degrade NAGA formed from action of chitinase

on chitin, duplicates of a preparation of chitinase containing
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Fig. 8. &ffect of temvnerzture on chitinase activ-
ity produced by Streptomyces isoiate 8.
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360 units per ml were mixed with a 2-fold dilution series
of NAGA and allowed to react for 30 minutes. Controls
included boiled chitinase pius NAGA, chitinase alone, and
NAGA alone. The chitinase preparation had no effect upon
NAGA. It was concluded that the value of 0.45 mg of NAGA
formed for every mg of chitin degraded by this chitinase
preparation reoresented the actual amount of NAGA formed
from this reaction.

Paper chromatograpny was undertaken to determine the
sugars formed by the action of chitinase on colloidal chitin.
Three ml of a preparation of chitinase containing 512 units
per ml were reacted with 1 ml of a suspension containing
2.43 mg of chitin for 6 hours at 37°. The excess chitin was
centrifuged down and the supernatant chromatographed. The
standard solution of NAGA, chitinase only, and chitin only
were also chromatographed. The NAGA standard had an Re of
0.40 (Fig. 9). No sugars were apparent in the enzyme only
and substrate only. Two spots from the reaction mixture
of enzyme and substrate were found. One had an Re of 0.40
and was identified as NAGA, tne other had an Ry of 0.30 and
vas not identified, although it may be a polysaccharide
such as was found by Reynolds (17). It was éoncluded that
more than one enzyme component which degrades chitin was
present in the chitinase preparation.

Electrophoresis of chitinase preparationse.--Attempts

to separate a chitinase preparztion into more than one
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component were unsuccessiul., Activity was shown as far as
11.5 cm toward the cathode from the origin when O.1 ﬁl of
a preparation containing 512 units per ml was allowed to
migrate for 20 hours at pH 7.8, then sprayed with chitin
and assayed after 6 héurs.

Biological activity of chitinase.--The effect of

chitinase on conidia and mycelis of G. cingulata was studied
bj placing material to be assayed on agar media contalning
living or killed mycelium and on chitin plates. Controls
included distilled water and 0.005 M phosphate buffer at

pH 7.0 (higher concentrations of buffer were found to be
toxic to G. cingulata). Culture filtrate, ammonium sulfate
and ETOH-precipitated chitinase preparations all dissolved
chitin in agar. Culture filtrate and ammonium sulfate-
precipitated chitinase both inhibited development of germ
tubes followinz spore germination. Faint lysis zones were
produced on living mycelium., ETOH-precipitated chitinase
did not manifest these toxic effects. Figure 10 shows the
inhiblitory effect of ammonium sulfate-precipitated chitinase
on germinating conidia of G. cingulata after 18 hours as
compared to a control (Fig. 11). The supernatant from the
ETOH-precipitated enzyme was tested on conidia of G. cingulata
after removing the ETUH by concentrating to original volume
in a flash evaporater under vacuum at 32° for 4 hours.
Inhibition of germ tube growth was also csaused by this
fraction. Therefore, all enzymatic studies and bilological

assays were made with the ETOH-precipitated enzyme.
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Fig. 10. Inhibition of germ tubes of G. cingulata in 0.5%
peptone-agar 18 hours after being in contact with an (NHj)p50,-
precipitated chitinase preparation.



Fig. 1ll. Untreated mycelium of G. cingulata in O. 5 peptone-
agar 18 hours old.
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Since the toxic factor was apparently not present in
the ETOH-precipitated chitinase preperation, an attempt
was made to determire if chitinase 1tself had any eflects
on living and killed mycelium of G. cinculata. Disks of
washed mycelium from living and killed mats produced in
broth were punched out with a 12 mm diameter cork borer.
Disks from the same mat were distributed uniformly among
the different treatments. Each assay tube received 7 disks
of living or killed mycelium. The following reaction
mixtures were made: ETOH-chitinese plus living mycelium,
ETOH-chitinase plus killed mycelium, ETOH-chitlnase plus
liﬁing mycelium plus 1000 ppm Actidione, and living mycelium
plus 1000 ppm Actidione. This concentration of Actidione
only slightly inhibited chitinase activity, apparently due
to the ETOH it was dissolved in (Table 6).

Controls included living or killed mycelium without
chitinase, chitinase only and buffer only. Four tubes were
used for each of the treatments., All tubes were incubated
at 37° for 7 hours, then colorimetric determinations were
made. Living or killed mycelium or Actidione plus living
mycelium produced no detectable NAGA. Large amounts of
{AGA were formed when the enzyme acted upon living mycelium
with or without the preserce of Actidione (Table 7).
Smaller amounts of NAGA were rormed when chitinase acted on
killed mycelium. This was correlated with a 16% decrease

in weisht, a fact not evident when the enzyme acted on

living mycelium. Since enzyme systems in the living mycelium
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Table 6.,=--Effect of Actidlone on Chitinase Activity.

Units of
Treatment chitinase per
ml®

Enzyme £ substrate 32
Enzyme £ Substrate £ 10% ET0H 25
Enzyme §£ substrate £ 1% ETOH 28
Enzyme £ substrate £ 10% ETOH

£ 1000ppm Actidione 25
Fnzyme £ substrate § 1% ETOH '

£ 100 ppm Actidione 28

a Average of 2 readings when assayed at 20 minutes,
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Table 7.--Effect of chitinase on mycellum of G. cingulata
after 7 hours at 37° &,

mg NAGA mg dry % loss in

Treatment formed wt. dry wt,
Enzyme ¢ living mycelium 0.485 5.1 0
Enzyme £ killed mycelium 0.095 3.7 16
Enzyme £ 100 ppm Actidione

living mycelium 0.275 5.0
1000 ppm Actidione #

living mycelium 0.00 4.9 4
Living mycelium control 0.00 5.1
Killed mycelium control 0.00 4.4

& Figures given are averages of 4 replicates.
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itself apparertly induced production of NAGA 1n the presence
of the chitinase preparetion, the value for killed mycelium
was accepted as a more valld estimation of actual NAGA

formed from chitin degradation of mycelium of G. cingulata.

A small loss in dry welght of mycelium was found when
Actidione acted on livins mycelium, with or without chitinase.

Paper chromatograms of the reaction mixtures in the
above experiment were made in duplicate and showed 2 sugars
having Ky values of 0.40 and 0.30 when enzyme ard living
mycelium were reacted together (Fig. 9). Two spots having
the same Ry values were found when the erzyme was reacted
with colloidal chitin. Another suzar having an Re value
of 0.30 was formed by the action of Actidione on mycelium.
It is not krown if this sugar and that formed by the action
ot chitinase on mycelium sre the same. Standard NAGA again
had an Re value of 0,40.

From the above experiment the amount of NAGA formed
when chitinase was reacted with killed mycelium was deter-
mired. Using the relationshlp between NAGA formation and
chitin disappearance which had previously been established
(0.45 mg NAGA formed per mg chitin degraded) the amount of
chitin removed from the mycelium during the course of the
reaction was computed. Four and elght-tenths percent of the
total dry welight of killed mycelium of G. cingulata had
chitin which was dissolved. This estimate agrees more
closely with the amount of chitin in cell wall of killed
G. cingulata as found by Blumenthal and Roseman (4) than
the 16% calculated on a dry weight basis. Since high quantities
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of NAGA without any measurable weight loss were found when
the enzyme was reacted with living mycelium, the possible
toxic effect of chitinase on living G. cingulata could not

be determined. Qualitative tests were attempted to determine
this. One-tenth ml aliquots of chitinase containing 512
units per ml were applied to living and killed cultures of
G. cingulata at 249, 28°, and 37° for 12 hours. Killed
cultures showed a lysis zone at every temperature, but

1living cultures were lysed only at 37°. Killed cultures of
G. cingulata, but not living mycelium, appear to be readily
attacked by chitinase. The lysis of 1livirng mycelium at

37° may have occurred either because the temperature first
killed G. cingulata or because the factor resisting chitinase
invasion in living mycelium broke down at the high tempera-
ture.

Stability of chitinase in soill.=-=To determine 1if

chitinase was stable in soil, both quantitative and qualitative
assays were made. One-half ml aliquots of a chitinase prep-
aration containing 140 units per ml were added to 1 g of
alr-dried samples of ratural and sterile soil in centrifuge
tubes, and to tubes containing no soll. Controls included
rratural and sterile solls with no enzyme and 0.005 M phosphate
buffer (pH 7.0) which was placed in natural and sterile soil,
recovered and enzyme added to 1it. All treatments were done

in duplicate at 26°, Chitinase activity was expressed as

units per gram of oven-dried soil. Aliquots of the residue
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were placed on chitin plates and examined 18 hours later,
Lysis of chitin within this time i1s assumed to occur by
virtue of the chitinase added, since 48-72 hours are required
to lyse chitin by natural soil, sterile soll inoculated with
Streptomyces isolate 8, and by Streptomyces 1solate 8 1tself.
(Table 4). Figure 12 shows the rate of decrease in activity
of the enzyme recovered from soil. A rapid drop in activity
occurred for both natural and sterile soll containing

enzyme, and also for the control. Therefore, this loss in
activity cannot be attributed to inactivation by soill.

When the last determination was made 51 hours after addition
of chitinase to soil, activity was still detectable in both
solls. In addition, all residues lysed chitin in azar after
18 hours, indicating that all the chitinase enzyme was not
recovered in the supernatant. Even if the soill had bound
some of the enzyme, preventing its recovery in the supernatant,
the residue was still able to exert a localized chitinase
effect. Natural or sterile soll controls containing no
chitinase did not lyse chitln i1n less than 48 hours.‘

One ml of a chitinase preparation containing 230 units
per ml was mixed with 2 g of natural soil and incubated at
269, Natural soil without enzyme was included. Assays made
each day for a week lysed chitin underneath the enzyme-sup-
plemented soill within 18 hours. If chitinase can be reoovered
in supernatant and show activity a week after being stored in
soll, at room temperature, it may be importart as one of many

factors accounting for the decomposition of biolozical material

in soil.
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DISCUSSION

Concentrating chitinase by ETOH-precipitation gave
excellent (95.6%) recovery of enzyme from culture filtrates
of Streptomyces isolate 8. This.technique increased chitlnase
activity per mg of dry weight 3.5 times. Jeuniaux (10)
obtained a preparation of Streptomyces chitinase by ad-
sorption of the enzyme on colloidal chitin. This prepara-
tion undoubtedly was of a hicher purity. Apparently no
ore has previously reported the efficiency of concentrating
with ETOH or of any other method used to collect and concen-
trate chitinase from culture filtrate, therefore, a comparison
of techniques 1s not possible., In addition to efficient
recovery, materials toxic to living mycelium of G. cingulata
were left behind in the supernatant when the enzyme was
precipitated. This preparation had a distinct advantage for
studying biologlical effects of chitinase over culture

filtrate, pervaporated culture filtrate, or (NH4)ZSO -pre-

4
cipitated enzyme preparations, all of which retained this
toxic principle.

ETOH-precipitated chitinese lysed killed mycelium of
G. cingulata at 24°, 28°, and 379, but had no effect on
living mycelium except at 37°. Horikoshil ard Iida (6)
working with a crude chitinase preparation from S. griseus
reported lysis of livirng cells of A. oryzae. It may be
that A. oryzae 1s more sensitive to chitinsse activity than

1s G. cinzulata, or that the crude chitinase contained toxic

a;sernts which autolysed A. oryzae allowing chitinase activity
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to ensue,

An unusually broad pH range for enzyme activity was
found for the ETOH-precipitated chitinase preparation.
Attempts to resolve this preparation into more than one
enzyme component by electrophoresis as others have shown
(3,10) were not successful, however, chromatography of
enzymatic products revealed that 2 sugars were formed. One
was identified as NAGA and although the other was not
l1dentified 1t had an Rp value simllar to that of a disaccharide,
N-N-diacetylchitobiose, found by Reynolds (16). It would
appear that there is more than one chitin-degradinz enzyme
present in the ETOH-precipitated chitinase prepsration,
possibly accounting for the broad optimum pH range. Such
a range encompasses the pH range usually exlsting in soils,
supporting the possibility that chitinase may exert a blo-
logical effect in soil.

Natural soil, various Streptomyces isolates and steri-
lized soils inoculated with any of several of the Strepto-
myces isolates all destroyed mycelium of G. cingulata.

The same soils ard isolates also demonstrated chitinase
activity. Enzyme activity on chitin in agar was apparent
only when a colony of bacterla or actinomycetes was present.
Since Chloromycetin prevented lysis of chitin by natural
soil, even though fungi from natural soil grew abundantly
through the chitin-agar plates, bacteria and actinomycetes
are thouzht to be the principle orgarisms which produce

chitinase in soil.
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Chitinase added to natural end sterile soll at room
temperature was recovered from such soils after 1 week.
Moreover, since it does not appear to be iractivated by
soil colloids and 1is probably diffusible, more than a
localized effect might be produced by this enzyme in soil.
Cornsequently, a chitinase-producing orgarism which 1is
stimulated to produce this enzyme by cominzg in contact with
a chitinous cell wall from an adjacert microorgarism could
conceivably account for the dissolution of chitin in this
or adjacert cell walls. These results would sugzest that
chitinese may be of ecolo:ical significance as a factor

acting on mycelial residues in soil.
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