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Abstract
Bacteria have been regarded as treasure of manfulieezymes viz., amylases, proteases, lipasesylagds and reductases. Among
them amylolytic enzymes have great biotechnologipgllications and economic exploitations. The paidun of a-amylases by
fermentation had been thoroughly investigated ahdws to be affected by a variety of physicochemiaators, such as the
composition of the growth medium, the type of stre€ll growth, methods of cultivation, inoculumnmcentration, time of incubation,
pH, temperature, salinity, carbon, nitrogen and emal sources. The present study was carried oubfpbmize thea-amylase
production of Brevibacillus borstelensis R1 usiag tifferent media viz., Nutrient broth, Luria Bert broth, Clarks & Lub medium,
Pikovskaya’'s medium, Tendler's non-synthetic medAmmylase production medium, Soluble starch behexmedium, Soybean
casein digest medium, Yeast extract peptone dexglbgose medium and Tryptone glucose beef extmadium. Among these ten
media, Pikovskaya's (PK) medium proved to be optifoa a-amylase production (1861£17U/ml). The optimizeémylase
production in PK medium by submerged fermentat&mK) was subjected to varying physical parametech s1s 24hrs incubation
time, 2% inoculum size, %2, pH 7.0 and 1% NaCl. Alpha-amylase produced Ip®stelensis R1 have many applications in starch
processing, desizing of textiles, paper sizingemgnt additive, bread improvement, ethanol produnctsewage treatment, effluent
treatment and other fermentation processes.

Keywords: Pikovskaya’s medium, incubation time, inoculum, semperature, pH and salinity.
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1. INTRODUCTION (exponential phase), stationary phase and deathepdacline

h 6].
Screening is the detection and isolation of higkding phase) [6]

species from the natural material such as soilaait water
containing heterogeneous microbial populations.e&ung

methods of bacteria include primary screening, seaogy 1.2.1 Direct Microscopic Count (Direct Cell Count
screening and strain improvement [1]. o

There are four methods of growth measurements:

M ethod)
1.1Primary Screening It helps to count the total number of cells inclumeh living
Primary screening consists of basic elementarg tesjuired and dead directly by direct microscopic counts gigPetroff-
to detect and to isolate new bacterial speciesbéiig the hauser chamber (nine squares, each 0.1mm deepneadi
desired property. Marine microorganisms are knowhave a liquid over one square mm is 0.1 cubic mm).
diverse range of enzymatic activity. Several repaft o-
amylase producing bacteria include: Streptomycqs £, 1.2.2 Viable Cel Count Method

Lactobacillus spp. [3]Geobacillus stearothermophilus spp. [4]

and Clostridium spp. [5]. It is based on the principle that when material taiming

bacteria are cultured, every viable bacterium dmelinto a
1.2 Measur ements of Bacterial Growth visible colony on a nutrient agar medium.

Growth is defined as an orderly increase of allluta 1.2.3 Turbidity Method
components, with multiplication as a consequenceath is

the irreversible loss of ability of organism to reguce itself.

The stages of growth curve are lag phase, log phase

It helps to study the cloudiness of the suspensianbidity is
directly proportional to the number of cells. It gsantified
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with the spectrophotometer, which measures the amofi

light transmitted directly through a sample. Thellsce
suspended in the culture interrupt the passagégbf. |IThe

amount of light absorbed through the suspensiaondasured
as optical density.

1.2.4 Dry Weight Method

It helps to estimate the bacterial growth at regulee
intervals during the incubation period. The growth the
bacteria is directly proportional to the dry weidlatrvested.

1.3 Physical Parameters

The physical parameters include pH, temperaturesalfidity
which influence the production of amylase.

1.3.1 P"

Sudden variations in cytoplasmic pH can harm bactby
disrupting the plasma membrane, inhibiting the vétgti of
enzymes and membrane transport proteins. pH is kntow
affect the synthesis, secretion and stabilitywefmylase [7].
Selection of a suitable fermentation medium antiainpH is
very important for the enhanced alpha-amylase priooiu [8].

1.3.2 Temperature

High temperatures damage bacteria by denaturingnees,
transport carriers, and other proteins. Thermoktykbs a
desired characteristic of most of the industrialzyenes.

Thermostable a-amylases were produced by mesophilic

species of Bacillus [9]. Therefore, a high valuepiaced on
extreme thermostability and thermoactivity of tinzymes.

1.3.3 Salinity

Bacteria in marine habitat have modified the strectof
enzymes, ribosomes, and transport proteins whighire high
levels of potassium for stability and activity. dphilic

bacteria are classified according to their saluiement and
growth pattern. Slight halophiles show optimum gitowat 2—
5% NaCl, moderate halophiles at 5-20% NaCl andeer
halophiles at 20-30% NaCl [10].

2 MATERIALSAND METHODS
2.1 Collection of the Marine Water Samples

Marine water samples were collected from Rushikarutestal
area of Visakhapatnam, Andhra Pradesh, India. Theew
samples were collected in sterile BOD bottles (Bdycand
brought to the lab, stored in the refrigerator libtvas used.

2.2 Primary Screening of a-Amylase Producing
Bacteria

The collected marine water samples were dilutedsénal
dilution technique. The diluted samples of*1® 10° (0.1ml)
were spreaded with L-shaped glass rod by spreatk pla
technique on the starch agar plates. After incobatit 37C
for 24hours, the plates were flooded with Lugoluson (1%
iodine in 2% potassium iodide w/v) [11]. The averadu/ml,
number of colonies forming clear halo zone of higkis and
zone of starch hydrolysis measured in mm.

2.3 Estimation of Amylase by DNS M ethod

Maltose produced by the hydrolytic activity efamylase on
a-1, 4 linkages present in polysaccharides, redycednitro
salicylate to an orange red colored 5-nitro 3-ansabticylate
which can be measured at 520nm. The starch sub$tr&iml
of 0.5% in 0.1M phosphate buffer (pH 6.8)] was mdlixgith
1% (0.2ml) NaCl in a test tube and pre incubate874E for
10 minutes. The supernatant collected from therifagation
of the production media was used as enzyme soQrsel of
this was added to the reaction mixture. The reacti@s
terminated by the addition of 1.0 ml of 3, 5-diogalicylic
acid reagent [1.0 gm DNS in 0.8% NaOH, 60% Na Krabte]
after incubation at 3 for 15 minutes. The contents were
mixed well and kept in boiling water bath for 10nuies.
Then they were cooled and diluted with 10 ml oftitiésd
H,O. The color developed was read at 520nm. One afnit
enzyme activity was defined as the amount of enzjinag
release 1.0 mmol of reducing sugar (maltose) pernutai
under the assay conditions [12].

2.4 Fermentation Media

Optimization ofa-amylase production bB. borostelensif1l
was carried out by using ten submerged fermentatiedia;
Nutrient Broth (NB), Luria Bertain Broth (LB), Cles and
Lub Medium (CL), Pikovskaya's Medium (PK), Tendéer'
Non-synthetic (TNS) Medium, Amylase Production Medi
(APM), Soluble Starch Beef Extract Medium (SB), Begn
Casein Digest Medium (SCD), Yeast Extract Peptone
Dextrose Glucose Medium (YPDG) and Tryptone Glucose
Beef Extract Medium (TGB) procured from Himediagli

The ingredients of ten fermentation media used tfe
optimization ofa-amylase production were in (g/NB (NaCl
5.0, Beef extract 3.0 and Peptic digest of anirsaue 5.0),
LB (Tryptone 10.0, Yeast extract 5.0 and NaCl 10al),
(Glucose 5.0, Peptone 5.0 andHRO, 5.0 ), PK (Glucose
10.00, Ca(PQy), 5.0, (NH),SO, 0.50, MgSQ.7H,O 0.10,
MnSG,.7H,O 0.01, FeS©0.01, KCI 0.20 and Yeast extract
0.50), TNS (Tryptone 10.0, Yeast extract 4.0, Sodium citrate
0.5, Ammonium nitrate 1.0, &PQO, 0.3, MgSQ 0.5 and
Starch 2.0),APM (Starch 2.0, N&IPQ, 3.0, KH,PO, 6.0,
NH,CI 1.0, CaC] 0.15, MgSQ.7H,O 0.25, Casein hydrolyte
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0.20 and Yeast Extract 0.1®B (Soluble Starch 2%, Beef
Extract 1%, Yeast Extract 0.2%, CaCl0.02% and
MgSO,.7H,O 0.01 %), SCD (Pancreatic digest of casein
17.00, Soybean meal 3.00, NaCl 5.00, ,RB 2.50 and
Dextrose 2.50),YPDG (Yeast extract 10.00, Peptone 20.00 ,
Glycerol 30.0ml and Dextrose 1.00)iGB (Tryptone 5.00,
Glucose 3.00 and Beef extract 1.00). The final wabs
adjusted to 7.0 with 0.1N HCI and 0.1N NaOH before
autoclaving.

2.5 Incubation Period

The growth curve of Brevibacillus borstelensis Réwa
constructed by using direct microscopic count meéthdable
cell count method, turbidity method and dry weigtgthod in
Pikovskaya's Medium. Thea-amylase production during
growth phase (0-30hours) with an interval of 2hiffs Bo
borstelensis R1 was assayed by DNS method. Théation
period with maximum amylase production was deteethin
during growth cycle.

2.6 Inoculum Size

Two loopful of culture was aseptically inoculatech i
Pikovskaya’s Medium. The flask was incubated °G37in
rotary shaking incubator at 120rpm, for 24hrs. Afte
incubation the inoculum optical density was adjdste 0.9
with sterile distilled water at 600nm in colorimet&ach ml
contains 1& cells which were in stationary phasegmylase
production phase) as calibrated by growth curvesmesnent
methods.

The effect of different sizes (1% to 5%) of inoaulwn theo-
amylase production ofBrevibacillus borstelensisR1 in
Submerged fermentation (SmF) was investigated. The
Erlenmeyer flask was incubated {8J in rotary shaking
incubator at 120rpm, for 24hrs.

2.7 Temperature

Hundred ml of the Pikovskaya’'s Medium was takesterile
erlenmeyer flasks. Inoculum size (2%) of pure aeltérom
pre-incubated pure strain was inoculated to eaclilasks.
Medium was incubated in orbital shaking incubatt®Qrpm)
at different (4C, 25C, 37C, 50C and 68C) temperatures for
24hrs.

2.8pH

Fermentation medium (Pikovskaya's Medium) was prega
at different pH (2.0, 5.0, 7.0, 9.0 and 11.0) bjuating the pH
with 0.1N HCI and 0.1N NaOH. Hundred ml of diffetgyH
medium were taken in sterile erlenmeyer flaskscliham size
(2%) from preincubated pure strain was inoculateéach of
Erlenmeyer flask. The flasks were incubated intatlshaking
incubator (120rpm) at 8 for 24hrs.

2.9 Salinity

Hundred ml of the Pikovskaya's Medium was taken in
different erlenmeyer flasks. Inoculum size (2%) pdire
culture from preincubated pure strain was inocudlate each
Erlenmeyer flask. Each flask with different concatibns of
NaCl (0.5, 1.0, 1.5, 2.0, and 2.5 % w/v) was int¢abtain
orbital shaking incubator (120rpm) at%&7for 24hrs.

After incubation, the samples were subjected tdrifagation
at 5,000 rpm for 15 minutes at %25 The supernatant was
collected in sterile test tubes and the pellet wWassarded.
Supernatant (0.5 ml) was used for the amylase dss®@NS
method.

3.RESULTS
3.1 Optimization of the Media

The optimization of media fon-amylase production was
carried out by inoculating B. borostelensis R12dhrs in ten
different submerged fermentation media- NutrierdtBr(NB),
Luria Bertain Broth (LB), Clarks and Lub Medium (FL
Pikovskaya's (PK) Medium, Tendler's Non-synthetiedum
(TNS), Amylase Production Medium (APM), Soluble rSta
Beef Extract Medium (SB), Soybean Casein Digest iMad
(SCD), Yeast Extract peptone Dextrose Glucose Mediu
(YPDG) and Tryptone Glucose Beef Extract (TGB) Mexli
The highest production af-amylase in all media is shown in
Chart -1. The optimal production of amylase (186/4Anl)
was observed when R1 strain was subjected to SmF in
Pikovskaya’s (PK) production media.

2000
1800+
1600+
1400
1200+
1000+
800+
600+
400+
200-

Enzyme activity (U/ml)

Chart -1: Thea-amylase production (U/ml) in various

submerged fermentation (SmF) media; Nutrient b(iitB),

Luria bertain broth (LB), Clarks and lub medium (CL
Pikovskaya’'s medium (PK), Tendler's non-synthetediam
(TNS), Amylase production medium (APM), Solublersta
beef extract medium (SB), Soybean casein digestumed
(SCD), Yeast extract peptone glycerol glucose nmadiu
(YPDG) and Tryptone glucose beef extract mediumgJ.G
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Y bars indicate the standard deviation of meanezalu
*ek P < (0.0001 Values differ significantly at p<05.

The optimum (1861+17U/ml)a-amylase production was
observed with Pikovskaya’s Medium (PK) and the lswe
production was observed (180+1U/ml) with two media-
Nutrient broth and Luria bertain broth (Chart -1).

3.2 Incubation Period

Measurements of growth curve of B. borstelensis tB1
determine incubation period: The growth curve of B.
borstelensis R1 at stationary phase was constant ft8-

24hours. It was measured by adopting direct miapisc
count by using Neubauer chamber, 12 log cfu/ml (Ct2a),
viable cell count method, 12 cfu/ml (Chart -2b)rbidity
method, 0.923+0.012 O.D at 600nm (Chart -2¢) ang dr
weight method, 1.526667+0.003gm/10ml (Chart -2dtiBct
phases of the growth curve were observed in eathade

The Rate of Growth (R) measured by direct microgcop
count, viable standard plate count method and ditybi
method was 1.63. The specific growth rai¢ Was 1.65 and
the generation time (G) was 0.61hrs or 36.60minutes

©
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Chart -2: Growth curve of Brevibacillus borstelensis R1:Dagct microscopic count method; b, Viable celulnbmethod; c,
Turbidity method and d, Dry weight method.
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Y bars indicate the standard deviation of meanezalu

*ek P < 0.0001 Values differ significantly at p<05 with
moderate degree of positive correlation.

The Pikovskaya's (PK) Medium was found to be thetbe
among ten fermentation media used. The lag phagér§),

log phase (2-18hrs), stationary phase (18-24hrd)datline
phase followed. The highesta-amylase production
(1,800U/ml) was found during the stationary phak®Z4hrs)
(Chart -3). Amylase production at 24hours was taken
standard time in all the following experiments.

2000
1800 -
1600 -
1400 -
T 1200 -
1000 -
800
600
400
200

Enzyme activity (Uml)

o

0O 2 4 6

416 18 20 22 24 2
Time (hours)

8 10121

28 3

Chart -3: Effect of incubation period osamylase production of Brevibacillus borstelensis R

Y bars indicate the standard deviation of meanezalu

*ek P < 0.0001 Values differ significantly at p<05 with
moderate degree of positive correlation.

3.3 Inoculum size

The Pikovskaya'’s (PK) Medium and incubation pefiadhrs)
were optimized. The optimum inoculum size was oftéd in
PK medium. The effect of different sizes (1% to 5)

inoculum on the production af-amylase by Brevibacillus
borstelensis R1 using submerged fermentation (Svi&d
investigated. The production of amylase was in@éasith
the increase in the level of inoculum upto 2% (H2BJ/ml).

As the level of inoculum was further increased, the
productivity of amylase was decreased (Chart -4usT the
inoculum level of 2%v/w was found to be optimum for
amylase synthesis.
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°
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Enzyme activity
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Chart -4: Effect of inoculum size on-amylase production of Brevibacillus borstelensls R
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Y bars indicate the standard deviation of meanezalu
*ek P < (0.0001 Values differ significantly at p<05.

3.4 Temperature

The Pikovskaya's (PK) Medium, incubation period &)
and 2% inoculum size were optimized. The optim@atof

temperature was carried at different temperatutés, (25°C,
37°C, 50C & 60°C). The highest amylase activity was
recorded at 3T (2086+71U/ml) and the lowest afCGt

(1131457U/ml) (Chart -5).

2200
2000
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1600 —
1400 —
1200 -
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Enzyme activity (Ulml)

=mmm=a-
200 - —

o

>

<\ <

>

Temperature (°C) of Pikovskaya's Medium

Chart -5: Effect of Temperature omramylase production of Brevibacillus borstelensls R

Y bars indicate the standard deviation of meanezalu
*ek P < (0.0001 Values differ significantly at p<05.

3.5pH

The optimization of pH was carried with differerd |2, 5, 7,
9 & 11). The pH was adjusted by using 0.1N HCI &ntiN
NaOH. The highest amylase activity was recordegdhat7.0
(2083t56U/ml) and the lowest at pH 11.0 (565£770/ml

(Chart -6).
The Pikovskaya's (PK) Medium, incubation period H&),
2% inoculum size and temperature @Y were optimized.
=]
=2
=
=
S
3 Z=m=s
D = =,
t ] Z=m=s
~ === | |
=
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“ A > N

PrH of Pikovskaya's Medium

Chart -6: Effect of pH ono-amylase production @revibacillus borstelensiR1
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Y bars indicate the standard deviation of meanezalu
*ek P < (0.0001 Values differ significantly at p<05.

3.6 Salinity

The Pikovskaya’'s (PK) Medium, incubation period H{g3)},
2% inoculum size, temperature {8J and pH (7.0) were

optimized. The optimization of salinity at diffeten
concentrations (0.5%, 1.0%, 1.5%, 2.0% & 2.5%)e&pidted

in Chart -7. The highest amylase activity was rdedr at

salinity of 1.0% (2082+58U/ml) and the lowest aD%.

(1121459 U/ml).

Enzyme activity (Ulml)

NacCl (% w/v) of Pikovskaya's Medium

Chart -7: Effect of salinity oru-amylase production @revibacillus borstelensiR1

Y bars indicate the standard deviation of meanezalu
**rx P < (0.0001 Values differ significantly at p<05.

4. DISCUSSION

The present work was carried out in one mediumctede
from ten media to optimize the physical and chemmica
parameters. The highegtamylase production was found in
Pikovskaya’'s Medium (PK) and the lowest in Nutriémoth
and Luria bertain broth. The highestamylase production
(1,800U/ml) was found during the stationary phdseZ4hrs).
The production of amylase was increased with tlcecise in
the level of inoculum at 2% (1813+23U/ml). The hegh
amylase activity was recorded a@72086+71U/ml), pH 7.0
(2083+56U/ml) and at salinity 1.0% (2082+58U/ml)dathe
lowest at 4C, pH 11.0 and at salinity 2.0%.

The amylase production after 72hours of growHadjllus
subtilis) was maximum (370U/mg). The effects of incubation
period, pH of the medium and incubation temperatuese
optimized. The maximum production of enzyme wasiuletd
at 30°C and pH 7.0 [13]. The production of the eneyby
Bacillus spwas maximum at 10hrs after inoculation [14]. The
enzyme production largely dependent on the typestiin,
composition of medium, cell growth, initial pH arkdermo
stability [15, 16].Increased incubation period desed the-
amylase production. It might be due the depletibnutrients,
accumulation of toxic byproducts in the medium,tpolysis

of a-amylase and microorganisms [17]. To obtain maximum
enzyme yield, development of a suitable medium eultire
conditions were obligatory [18].

Raj Devi & Yogeesvaran [19] reported that the maxim
enzymeproduction obtained after 24hrs of incubation iseca
of Bacillus amyloliquefaciensind 48hrs of incubation with
Micrococcus halobius The production of the enzyme was
maximum at 10hrs after inoculation wiacillus sp.[20].
Maximum growth was shown at 48hrs and amylase iact
24hrs [21].

In the literature survey the optimum amylase préddacwas
delineated by several authors in different medra.atidic
conditions (pH 4.0 - 6.5) the amylase productiors weported
in Bacillus spp.[22].In neutral conditions (pH 6.5 - 7.5) the
amylase production was reported Bacillus spp.[23]. In
alkaline conditions (pH 7.5 - 11) theamylase production
was reported iBacillus spp[24].

The production was highest in Pikovskaya’s MediurBAC.
The amylase production in different media was reggbrin
psychrophilic conditions (Temp.°@) in Nocardiopsis sp.
7326 [25] and Arthrobacter psychrolactophilug26].The
zenith amylase production of mesophiliBacillus spp.
(Temperature 3B45°C) was communicated by Nagarajen
al. [27]..
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The amylase production 8revibacillus borostelensiR1 was
most favorable in Pikovskaya’'s medium with augmahi%
NaCl. The NaCl % source of metal ion was reportedave a
stirring effect on the production of amylase wascliised in
Bacillus spp by Ashabil Aygan [28]. Parallel work with
different NaCl concentrations (0.5-1.5%) was cakrait in
Bacillus spp.[29]. But subduced effect was reported in
Bacillus sp[30].

CONCLUSIONS

The present study was carried out to optimizect@nylase
production ofBrevibacillus borstelensiR1 using ten different
media Among these ten media, Pikovskaya’'s (PK) medium
proved to be optimal for a-amylase production
(1861+17U/ml).

The optimized a-amylase production in PK medium by
submerged fermentation (SmF) was subjected to mgryi
physical parameters such as 24hrs incubation tig%,
inoculum size, 3%, pH 7.0 and 1% NaCl).
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