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ABSTRACT

Micrococcus variansisolated from soil produced extracellular isoamylase.
The optimized conditions for isoamylase production was found when lig-
uid shaking culture was incubated 72h at 30c with initial pH 9.2. The opti-
mum inoculum size on the production of isoamylase was 1000 ml/ 50 ml
medium. Soluble starch at 1.5% wasthe best inducer for enzyme production
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as a carbon source, and ammonium sulfate at 1%was better than the other

nitrogen sources for production of enzyme.
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INTRODUCTION

Isoamylaseactivity at dkainepH wasfirst detected
purified and characterized in the culture medium of an
akaophilic strain of Bacillus sp. by Ara et a.[.
Iscamylaseisuseful not only for thestructural analysis
of polysaccharides and derived oligosaccharides®, but
asofor the starch industry in producing glucose, mal-
tose, and higher oligosaccharidesfrom starchwith the
action of exo-type hydrolases8?. |spamylase.aso can
be used in conjunction with CGTase to enhance the
production of cyclodextrinsfrom starch™ andtoim-
provetheir solubility and hemolytic product® through
thereversed action of enzyme. Also, isoamylasecanbe
used asan effective additivein dishwashing and laun-
dry detergents?.

MATERIALSAND METHODS

Strainisolation
Theorganismwasisolated from soil sampleswere

taken from variousplacesincluding cropfieldsin Egypt
inclean plastic bagsand stored at 4°C. 0.2 ml of 10%
soil suspension were added to 50 ml of the mediain
250 ml flaskswhich prepared accordingtoAraet a.?,
contaningg/L: tryptone, 2; yeast extract, 1, (NH,).SO,,
1, KH2PO4, 3; MgS0O,.7H,0, 0.2; MnSO,.4H,0,
0.001; FeSO,.7H,0O, 0.01; CaCl,. 2H,0, 0.2;
Na,CO,, 5and glycogen, 10. For solid medium: agar,
20. Medium was autoclaved at 121°C for 20 min.,
CaCl,. 2H20 and Na,CO, were autoclaved, sepa-
rately, and final pH was adjusted at 9.2. Culturewas
incubated at 30°C under shaking conditionsat 120 rpm
for 24 h. Eachisolate was done by agar streaking tech-
nique, and incubated at 30°C for 4 days. Finally, one
iolate was selected according to the largest zone for
further investigation.

Char acterization of organism

Themorphologica and taxonomic characteristics
were examined according to the method of Mac
Faddin*®, and Sneath™. The organism wasidentified
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TABLE 1: Characterization of alkali tolerant bacterial iso-
lates
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TABLE 2: Theeffect of incubation period on Micrococcus
variansisoamylase production

. Bergey's ... Bergey's
Character Organism 1986 Character Organism 1986
1- Morphological and microscopic 4- Growth at different
character Temperatures (°C)
Colony color Yellow  Yellow 5 - ND
Cell form Coccobacilli  Cocci 10 + ND
Motility Non motile - 20 + ND
Gram's stain + 30 + ND
Spore formation - 40 + +
th(ate reduction to . . 50 + ND
nitrite
Gas from Nitrate - 55 - ND
2- Enzyme production 65 - ND
Amylase + D 5 Growth at different pH values
Catalase + ND 3.6 ND ND
Caseinase - ND 46 - ND
DNase + ND 5.6 + ND
Gelatinase - + 6.6 + ND
Oxidase - - 7.6 + ND
Urease - + 8.6 + ND
Indole production - ND 9.6 + ND
H,S production + ND 10.6 + ND
L-Lycine ) - ND  6- Carbohydratesfermentation
decarboxylase:
. N D ()
L-Lycine deaminase: - ND Arabinose: - ND
Oxidation / . Aesculin
Fermentation Fermentative  ND i)i7tion: ND )
Ornithine - ND  Cellobiose: - ND
decarboxylase:
. D(+)
V.Ptest: + ND Galactose - -
Blood hemolysis: v-hemolysis - D-Glucose: + +
Growth on !
MacConkey agar: . ND  a-Lactose: * .
Citrate utilization: - + Mannitol: - ND
Methyl Red Test: + ND D(*) + -
Mannose:
Growth under )
anaerobic conditions ND  D-(+)-Xylose ) ND
3- Tolerance of high NaCl concentration ~ Gas form
- ND
(%) glucose
2 + ND
5 + ND
7 - +

10 - -

NB: D, different reactionsin different taxa; d, 11-89% of strains
are positive; ND, No data available

asMicrococcusvarians.
Enzymeproduction

A seriesof 250 ml Erlenmeyer flaskseach contain-
ing 50ml of theliquid medium wereinoculated with 1

Incubation Bacterial | soamylase Total
period growth O.D at activity protein
(Hours) 660 (um) (U/ ml) (ng/ml)
6 0.37 0 38.45
12 1.32 0 47.42
24 2.95 0 50.10
48 5.14 10.67 53.07
72 5.66 54.67 57.03
96 5.42 33.67 64.72
120 5.34 16.67 77.60
144 5.14 11 75.27

*Thetest wascarried out at pH 9.2, temp. 30°C and under shak-
ing conditions. * Sarch was added to the medium as carbon
source (1.5 %), (NH,),SO, as nitrogen source and inocula size
(1000 pl/50 ml medium)

TABLE 3: Theeffect of different temper atureson Micrococ-
cusvariansisoamylase production

Tem[()%sature Isoam)(/ILJﬁ%ct|V|ty Total protein (ug/mi)
20 0 26.39
25 27.33 31.57
30 55.67 58.66
37 12.67 60.58

*Thetest wascarried out at pH 9.2 under shaking conditionsfor
3 days. *Sarch was added to the medium as carbon source (1.5
%), (NH,),SO, as nitrogen source and inocula size (1000 pl/50
ml medium)

TABLE 4 : Effect of different pH values on Micrococcus
variansisoamylase production using different car bon sour ces

Starch Glycogen Amylopectin

KE Isoamylase Total Isoamylase Total I1soamylase Total
activity Protein activity Protein activity Protein
(U/ml) (ng/ml) U/mD)  (ng/mb) (U/ml) (pg/ml)

Control  34.67 50.97 22.67 20.33 28.00 66.41

6.6 3.67 97.46 2467  99.50 0.00 99.56
7.6 7.00 105.91 7.00 11051 1033 11447
8.6 11.00 120.53 500 14406 533 13136
9 4.00 129.44 833 10812 300 15164
9.6 0.00 177.62 400 10760 233 10521
10.6 0.00 109.23 2.00 102.70 0.00 104.39

* The medium pH was adjusted using buffers; citrate-phos-
phate buffer (6.6), phosphate buffer (7.6) and glycine-NaOH
buffer (8.6 - 10.6). * Control: indicates medium with pH 9.2
adjusted using Na2CO3

ml of 18 h broth culture of the organism and incubated
for 3daysat 30 C under shaking condition. Crudeen-

zyme preparation was obtained from the supernatant
e, BIOCHEMISTRY
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TABLE 5: Effect of different inocula sizeson Micrococcus
variansisoamylase production

TABLE 6: Theeffect of different starch concentrationson
Micrococcusvariansisoamylase production

L

medium) (U7 ml) (ng/ml)
25 0 64.20
50 10.00 60.7
100 30.67 55,81
125 32,67 50.27
150 4233 55,52
200 55.67 57.26
500 60 50.65
1000 61 60.41
2000 4667 60.76
3000 30.33 621
4000 38 635
5000 28.67 67.98

* The test was carried out at pH 9.2, temp. 30°C and under
shaking conditions for 72 (hrs). * Starch was added to the me-
dium ascarbon source (1.5 %) and (NH,),SO, as nitr ogen sour ce
after centrifugation of the broth cultureat 5000 g in
sigmacooling centrifugefor 20 min.

Assay of isopamylase

|soamylase activity was assayed according to modi-
fied method from Maruo and K obayshit™. Thereaction
mixture contained 0.5 ml amylopectin 2% (w/v) assub-
gratein 0.2M glycine/ NaOH buffer at ph9.0and 0.5
ml enzyme solution. After incubation at 40 C for 1hr,
0.2ml of thereaction mixturewaswith drown and mixed
with 2.0 ml of iodine solution (0.005%,,and 0.015%
Kl), water was then added to atotal volume of 8ml.
Activity was monitored by measuring absorbance at
620nm in a spectrophometer (UV-Visible 240 IPC
shimadzu, Kyoto, Japan).

Enzymeunit of isoamylaseactivity (U) wasdefined
asanincrement in absorbency at 620 nm of 0.01in 60
min at 40°C under assay conditions.

Protein determination

Protein was determined by Bradford method® us-
ing borine serum a bumin as standard.

Effect of incubation period, temperatureand pH
on Enzymeproduction

Theeffect of incubation period, temperature and
pH onisoamylase productionwereinvestigated by cul-
tivating the organism at: different incubation time (6-

Starch concentration (%) Isoamylase activity Total protein

(U/'ml) (ng/ ml)
0.00 0 34.66
0.50 8 75.61
1.00 33.33 53.24
1.50 42 58.14
2.00 22.33 66.18
2.50 12.33 72.41

* The medium pH was adjusted at 9.2 and starch was used as a
carbon source at different concentrations and (NH4)2SO4 as a
nitrogen source. *After inoculation, flasks were incubated at
30°C for 72 hrs under shaking conditions

144) hrs, and different temperatures (20-37°C) for ob-
taining the optimum time and at pH (6.6-10.6). The
organism wasincubated, theisoamylase activity and
protein weredetermined in supernatant.

I noculum size, carbon and nitr ogen sour ces

Variousinoclum sizes (25-5000) ul per 50ml me-
dium broth 24 hr old wereinoculatedinto themedia,and
incubated at 30°C for 72h. Three mgor of carbon
sources, starch,amylopectin and glycogen weretested
at 1% (w/v) concentration. Nitrogen sources. peptone,
urea, (NH,)SO,, NH,Cl, and anmonium molybdate at
concentration 1%.

RESULTSAND DISCUSSION

Characterization of thebacterial isolate

TABLE 1 andfigure 1 represent the characteristics
and gram staining of theisolated organism, respectively.

Factor saffectingisoamylaseproduction by Micro-
coccusvarians

Thetime coursefrom 6to 144 hrswasfollowedin
liquid shaking culture medium at 30°C and initial pH
9.2. Resultsin TABLE 2 show that therewasagradua
increaseinisoamylaseactivity upto 72h.of incubation
a which maximum enzymeactivity wasobsarved. Thee
resultsagreewith those of Ara, et a.12.

TABLE 3indicated that the maximum production
of iscamylaseenzymeinthetemperatureat 30°C. These
dataagree with the data previoudly published by Ueda
& Nanri*¥ and Wu, et al.[*4,

Micrococcusvariansfailedtogrow at pH 5.6 un-
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TABLE 7: Theeffect of different nitrogen sourceson Micro-
coccusvariansisoamylase production

Niitr ogen sour ce Bacterial growth Isoa_m_ylase Total protein
0O.D at 660 (hm) productivity(U/ml)  (pg/ ml)
Control * 0 5.95 24 45.96
Peptone 0.143 6.66 0 53.77
gg;r;‘gg;t%m 0312 8.23 10 58.84
g?;“eo”i“m 0.196 9.00 0 67.17
Urea 0.045 6.18 0 63.44
(NH4).SO, 0.100 8.76 34.33 515
(NH4H.PO, 0.174 8.38 0 75.5
(NH,):HPO, 0.100 9.83 3.33 63.32
NH4CI 0.081 8.94 0 66.99
NHiNO; 0.061 7.74 0 64.14
NaNO; 0.129 7.37 0 75.38

* Control: is a medium without (NH4)2SO4. * The test was
carried out at pH 9.2, Temp. 30°C and under shaking conditions
for 72 hrs.* Srach wasadded ascarbon sour ce.Nitrogen Sour ces
were added in equal nitrogen content

der shaking medium, growth wasincreased between
pH 6.6-10.6. Datarecorded in TABLE 4 indicated that
the optimum pH for isoamylaseproductionat 9.2. This
dataagreewith dataprevioudy published by Araet d 2.

The effect of inoculum size on the production of
isoamylasewas shown in TABLE 5indicated that the
inoculum sizeat 500 M L/50ml medium and 1000 ml/
50ml affected theenzyme production.Even theimpor-
tant of inoculum size as aparameter controlling of the
production of enzyme¥ most workers onisoamylase
production did not takeit in consideration.

Only Three carbon sources (starch amylopectinand
glycogon)were used inthiswark at 1% (W/V)in pro-
duction medium,starch at the concentration 1% proved
to be the best inducer for isoamylase production
(32.7V/ml) compared with amylopectin and glycogen
(27.7 and 24.0) U/ml respectively. Data showed in
TABLE 6indicated that the 1.5% w/v isthe optimum
soluble starch concentration for isoamylase production
(42.0u/ml). Soluble starch at 1 and 2% (w/v), the
isoamylase production decrease by 20.6% and 46.8%
respectively compared with 1.5% (w/v). Spencer-
Murtind™ used soluble starch for isoamylase produc-
tion by yeast.

Effect of nitrogen source

Datarecordedin TABLE 7 indicated that theam-
monium.
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Figurel:A photomlcrograph of gram’s stain of Micrococcus
variansK E
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