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ABSTRRACT

Bacillus amyloliquefaciens is a rod shaped gram posiffvg drdanism
that is|most commonly used for the production of amylases. Molasge

waste [produced from cane and beet during sugar extraction. THe 1k

planned to use Bacillus amyloliguefaciens to produce protease yigh g
as a s!ole carbon source which is rich in various nutrients fayoui
microli)ial growth. The enzyme production is compared \*il'l i
immoli:ilization methods and also temperature and pH stabLlitie
enzyrrj_e and it was found with polyacrylamide immobfljzag

producj;tion of enzyme was high and had an optimum activity af foit

a pH P The enzyme production is scaled up using airlift ferr netfty with

polyaclrylamide immobilized Bacillus amyloliquefaciens. The dryad

produ+ed is purified by different methods. The enzyme prod+1q'ng

amplili'led for molecular characterization.
i
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1.0 INTRODUCTION

F-nzymes are biocatalysts that catalyze a specific chenfi

withoyt affecting the equilibrium of the catalyzed reaction gr
reactign path with lower activation energy. Wherever a subst
be tramsformed into another, nature uses enzymes to speed up
According to IUB enzymes have been classified as ox}
transfgrase, hydrolases, lyases, isomerase and ligases.
Hydrolases are group of enzymes that carry out hyd
transfgr of functional group to water (e.g.) proteases. Proteases

hydrolysis of the peptide bonds that link amino acids together]1

Proteases can be classified based on their activity in different pﬂl

» Acid proteases
» Neutral proteases
T » Alkaline proteases
e ot
n_!Alkaline proteases are produced by a wide range
including bacteria, moulds, yeasts and various mamm

(Adinei.rayana et al., 2002). Globally large proportion of ¢

availa‘:le alkaline proteases was produced by various Bacill
possesis significant proteolytic activity and stability at conside

and t'emperatures (Kumar et al, 2003). Proteases gene

diversiﬁed functions and have important biotechnological a

L i "N 1 ;1 ™ 1 I 1 - q




cassavl
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amylo
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proteal

differg

iquefaciens (Glenn et al., 1973).

a waste and sugarcane baggasse as a sole carbon $

m for the increased production of alkaline proteases

Similarly molasses the final byproduct obtained in the g
e by repeated evaporation and crystallization of juices fran
bm sugar beets has been used as a potent carbon sourcg

e production now-a-days (Gupta ef al., 2002). Molas!

nutrient content of cane molasses is given in the table below

Table 1.1- Composition of molasses

Item Concentration (%)

Total Solids 75.0
Total Sugars 46.0

| Crude Protein 3.0
Nitrogen Free Extract 63.0
Total Fat 0.0

Total Fiber 0.0

Ash 8.1

Calcium 0.8
Phosphorus 0.08

rqpd

Irca
y

BEcillus

ef i
nt nutrients that favour microbial growth. The comp )siﬂ

‘In the




Modification of biotechnological processes, using immgHilig :

and bipcatalysts, has recently gained the attention of many bioL

Appligation of immobilized enzymes or whole cells is

becauge such biocatalysts display better operational stabilit]
efficiency of catalysis than the free enzymes or cells and they
Wholg cell immobilization by entrapment is widely used
technifjue (Adinarayana et al., 2005) for the production of alkal;
With this background, our study was planned with th

objectives.

1. [To optimize the molasses concentration for the productic{q ofla

protease from Bacillus amyloliquefaciens.

2. _h“o characterize (pH & temperature) the crude alkaline prpteas.
3. h"o immobilize the Bacillus amyloliquefaciens using "ajt[)

[entrapment techniques for the production of alkaline protpgse
4. ;Ffo characterize (pH & temperature) the alkaline prg terass .ptf the

iimmobilized Bacillus amyloliquefaciens.

LA

: ;!To scale up the enzyme production using immobilized BJFC;M.- cells
iin airlift fermenter.

.[To purify the alkaline protease produced t} BRcillus

=]

lamyloliquefaciens.
¥

-~}

i !To identify the alkaline protease gene in Bacillus amylolirieﬁ: c'rn.s






2.0 LITERATURE REVIEW
B. amyloliquefaciens was discovered in soil in the yet 194!: by a

Japangse scientist named Fukumoto, who gave the bacterium i |
it has [produced (faciens) a liquifying (/iqgue) amylase (amylo ;ﬂj
1943).
B. amyloliquefaciens is Gram-positive, catalase positive,|aprapi
shaped and motile in nature. This organism is naturally fpyn
samples. As with other members in the family Bacillaceae, it f@r] n:L

endospore when conditions are not favorable and can be disgesed [n this

form jnto dust which gets into water supplies for plants 11d jmals.
Bacillus amyioliquefaciens 1s further classified as a low G} ¢

(Fukumoto, 1943). B. amyloliquefaciens is known for its abilifyjto|dggrade

proteins extracellularly (Gill ez af., 2002).

ifl“he dependence of enzyme production fro Bycillus
amylo I'iquefaciens during the growth phase in batch culture has|beer .
previously (Cumming et al., 1984). The results showed the rafe] off e yme
production has been enhanced by ball milling, ultrasonication, §ng ¢ |

It also|suggested that autolysis is a feasible method for disruptifg]Ba

and thereby an enhancement in the enzyme production has beer] qosgrye

lBacillus amyloliquefaciens isolated from meju, a Koie n |pdybean

fermeTtation starter was used to produce neutral metallopro' Seq i

11 'Ll 4 . g 1 1 L] N ad



Proteases occur naturally in all organisms and constitutg

gene dontent. They constitute one of the most important groupg ¢f

enzynies, as it accounts for at least a quarter of the total g[)

produgtion (Kumar er al, 2003) Proteases have been wifldy

detergents, leather, food and in pharmaceutical industries.

For an enzyme to be used as an detergent additive it shg

and dctive in the presence of typical detergent ingredie

=]

surfaciants, builders, bleaching agents, bleach activators, {i
softeners and various other formulation aids. Alkaline
withstand high pH & possess good thermo stability. Alkali
treatmients can modify the surface of wool and silk fibers to pr
uniqué; finishes. Alkaline proteases have been used in the hl
proceds, where dehairing is carried out at pH values betwd

(Mohgen et al., 2005).

14

Previous reports are there for the isolation of heat s#a

protease and lactamase from Bacillus species obtained in a lock

The aptivity of protease and lactamase was stable up to 60°[yi

condition, and at immobilized condition in the sodium alg :I:I

enzynle showed high protease activity than free enzyme ((
1998).

-3

hal

The extracellular production of protease by Bacillus sp srla]e from
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bran 3s its sole carbon source. Optimum temperature has beeg {deptffied as

55°C @nd the pH as 9.0 with a 4% inoculum in the media.

ideal @s an initial step in their purification and it can be used ot

Salting out of proteins, particularly by use of ammonium sulpi e,
the bgst known and used methods of purifying and concentrafi

partictilarly at the laboratory scale. Increase in the ionic stf

solutipn cause a reduction in the repulsive effect of like chdrdes

identiq:':al molecules of a protein. When these forces are suffici¢rgly

the pr!:)tein will precipitate. Ammonium sulphate is convenient
becaui;e of its high solubility, cheapness, lack of toxicity to 1
and it stabilizing effect on some enzymes (Yeng et al., 2000).

lon exchange chromatography separates molecule
differ¢nces between the overall charges of proteins. It is us
proteiﬁ purification but may be used for purification of oli
peptidies, or other charged molecules. The protein of interest
charge? opposite that of the functional group attached to the re

bind. Elution is achieved by increasing the ionic strength to

ionic ﬂ:nteraction, or by changing the pH of the protein (Scawen
IDEAE cellulose is an anion exchanger appli¢

chromlatography of proteins. Serum components, enzymé

Precipitation of enzymes is a useful method of concergrtiq

4 lagag

u

b
p
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mortem aging were detected by this technique. Such changes cher el were

the disappearance of one fraction and appearance of new comp orlem while
other fractions diminished (Rampton et al., 1965).

Immobilization of whole cells has been defined as|the

confinement or localization of intact cells to a certain defijefi

space| with preservation of some (Adinarayana er al., 2043p,

catalytic activity. The increased stability under extreme conditiprs

temperature, as well as the re-use and applicability in continudud p

systerim that enclose immobilized cells instead of soluble enzy]
cells a preferred, versatile tool in both food industry and medic]
severdl different approaches to the classification of
biocadalysts, but the most frequently employed classification {
the miethod of immobilization selected for a specific applicaf]
al., 2d04).

‘Microbial products are usually produced either by free of i

advanfageous compared to batch fermentation process.
immoljoilization has been a better choice over enzyme immobilig
cell idlmobilization by entrapment is a widely used as a simplg
was rgported that the viability of microbial cells was mainfa

period of 18 months under entrapped conditions (Adinarayana 4t pl.

I'h i T A A T PR - . T 3 -2 |_r*



using|molasses as a sole carbon source, purifying the enzyme erd thqlecular

chara¢terization.







3.0 MATERIALS AND METHODS
3.1 BROTH PREPARATION
Commercially available strain of Bacillus amyloliqugfgcidik was
obtaingd from IMTECH Chandigarh, India and was used fo Lﬂe broth
preparption.
i
MATERIALS
ilJeptone - 5¢/1
NaCl - 5g/1
Beef extract - 3g/l
METHOD
1. !The broth is made upto 150ml with the above mentioned {bsfagces in
A 250ml conical flask.
2. :_:The pH was adjusted to 7.2 and autoclaved at 121°C for |5{mjjtes.
3. ;_fThe flask is allowed to cool to room temperature ahd tﬂ-' was
inoculated with the Bacillus strain and incubated at 36Tq for §2 hrs
which is then used for protease production.
3.2 MFDIA OPTIMIZATION WITH MOLASSES

The media used for protease production should be O]Ti

_niﬂel with



METHOD

1. The protease producing media was prepared using |thq fpbove

composition varying the carbon source and made ugkq 1p(ml in
conical flask.

2. [The pH was adjusted to 9.0 and autoclaved at 121°C for {Smihijtes.

3. [To the media 15ml of 12 hrs broth culture was inodqulatef Junder

hseptic conditions and mixed well.
4. iThe media was then incubated in orbital shaker at 1 50rp
5. bmples were collected for every six hours and proteabd agsgy was

perfonned.

3.3 PROTEASE ASSAY
Protease activity was assayed spectrophotometrically accto dillg to the
. The

methoid proposed by Kunitz using casein as a substrate (Kunitg, |19

activitfy of enzyme was expressed in (Units/ml) and the abgofbahge was
measull‘ed at 280nm. One unit of protease activity was defined J: he] amount
of the_i enzyme needed to liberate 1 pg / ml of tyrosine per mhihutg,Junder

assay ¢ondition.

PRINCIPLE

The enzyme alkaline protease cleaves the substrate caseif 1n¢1el assay




MATERIALS
(See appendix 6.2)

METHOD
1. [l.5ml of the culture was taken from the shake flask aftdr qvery six

hours.
2. ]The sample was then centrifuged, and the supernatant wasfusedias the
lenzyme for assay.
3. éTo 50ul of the supernatant 450ul of 1% casein in (50hr+\4; 8.0)
%Tris HC1 was added and incubated at 55°C for 20 minute}.
4. iAfter incubation 750ul of TCA solution was added and|kfpt]a] room

ttemperature for 30 minutes.

5. 'The sample was then centrifuged for 15000rpm, 15 mi

isupernatant was collected and absorbance was measu

using an UV spectrophotometer and activity in U/ml

iusing the formula below.

(0.D)28p * cuvette volume (3 ml) * dilution de O]

Adtivity =
18.4 * sample volume (50 ul)
Where,

Lo a4 g e v - - N N f B | B




MATERIALS
(See appendix 6.2)

METHOD
1. [50u! of the enzyme was taken in 6 different test tubes eqcF apdl450pl

of 1% casein was added to each tube.
2. iEach tube was then incubated at different temperatures 2FO"I(IZ, 50°C,

60°C, 70°C, 80°C, 90°C for 20 minutes.
3. éAfter incubation 750l of TCA solution was added to allrtljpe thtes and

lkept at room temperature for 30 minutes.

4. ‘The sample was then centrifuged for 15000rpm, 15 mifijteq ahd the
Eizsupernatant was collected and absorbance was measu+3¢ at §80nm
using an UV spectrophotometer.

33.2 |[EFFECT OF pH ON CRUDE ALKALINE PR ASE
ACTIVITY
?The stability of the enzyme at different pH was found OlLt by ing

out th(i: assay using the substrate with different pH.

MATERIALS
i(See appendix 6.2).




3. |After incubation 750pul of TCA solution was added to all ftHe 1

kept at room temperature for 30 minutes.

4. [The sample was then centrifuged for 15000rpm, 15 mihutes'

M v

supernatant was collected and absorbance was measurpq a

using an UV spectrophotometer.

|
34 ID&MOBILIZATION

iMicrobial immobilization involves the entrapment of 11*1 ol

with d;n insoluble matrix so it can be maintained in proper 1 cttlr or its

reuse :junder stabilized conditions. The various entrapment techgiq
for immobilization are
» Sodium alginate
» Polyacrylamide
» Gelatin

3.4.1 IMMOBILIZATION OF Bacillus amyloliquefactJrz*s
SODIUM ALGINATE
MATERIALS
'Sodium alginate (3%) (See appendix 6.3)
ICalcium chloride (0.2 M)

?Sterile syringe

niEs and

d the

 80nm

14 cells

used

USING




2. [fo 15ml of the sodium alginate slurry, 15 ml of the cefljsujppnsion

was mixed to get a uniform mixture.

3. [The slurry was taken into a sterile syringe and added aerw'i into

).2M Calcium chloride.

4. [The beads were preserved in 0.9% Sodium chloride befoT nsq
g

plajel with

5. 150 ml of the production medium was prepared and in

Eodium alginate beads.

3.4.2 EIMMOBILIZATION OF Bacillus amyloliquefaci]'?rs USING
POLYACRYLAMIDE

This immobilization is based on condensation copolymgrjza of a
water-soluble, functionalized prepolymer into a polymer. Gel qoitaﬂ'l g the

cells cbn be used directly in suspension

MATERIALS
iPhosphate buffer (Sterile) (pH-8.0)
Acrylamide — 2.85 g
Ammonium persulphate — 10 mg
TEMED (NNN'N' tetra methy! ethylene diamine) — | ml
iSterile distilled water

IPetri plates




3. |The slurry was poured into sterile petriplates and allowedtg sqliflify.
4. After solidification, the polyacrylamide gel was cut intj s[naL l;[)ieces
and transferred into 0.2M phosphate buffer for washing.
5. [The gel was then stored in refrigerator in sterile distilled ity
3.43 |IMMOBILIZATION OF Bacillus amylaliquefacirzr s JUSING
GELATIN
MAT]EERIALS
kielatin (sterile) (20%) (See appendix 6.4)
Gluteraldehyde (5%) (See appendix 6.4)
Sterile distilled water
Petri plates
METHOD
1. To 20% of sterile gelatin, the cell suspension Bycillus

. Iil'he: gel was overlayed with 5% gluteraldehyde for harden

. EThe resulting blocks was cut into approximately 4 min

amyloliquefaciens was added and then poured into petri p# e.

-

rubes and washed with sterile distilled water. The |i

Bacillus amyloliguefaciens was then used for the pL‘C

alkaline protease in shake flask.

| size

Rilized



MATERIALS
(See appendix 6.2)

METHOD
1. pOul of the enzyme extract from 3 types of immobilizgd
faken in 6 different test tubes each and 450l of 1% casqy

fo each tube.

CTI were
sfadded

2. iEach tube was then incubated at different temperatures|40°¢,|50°C,

bO"C, 70°C, 80°C, 90°C for 20 minutes.

3. After incubation 750ul of TCA solution was added to all fre t§ts and

!(ept at room temperature for 30 minutes.

4. [The samples were then centrifuged for 15000rpm, 15 mijted ghd the

supernatant was collected and absorbance was measurfq

using an UV spectrophotometer.

3.4.5 EEFFECT OF pH OF ALKALINE PROTEASE AC'[‘ ITY

USIN*} DIFFERENT IMMOBILIZATIONS OH
amylairiquefaciens

ﬁ“he stability of the enzyme at different pH was found 01*(
out the assay using the substrate with different pH.

Becillus

Dy [FRTYINg




METHOD
1. 50ul of the enzymes from 3 types of immobilized cells pvgreftgken in
pH 6 -

E:

6 different test tubes each and 450ul of 1% casein in (5
10) Tris HCI was added to the tubes.

2. [Each tube was then incubated at 55°C for 20 minutes.

3. |After incubation 750ul of TCA solution was added to allhtre thiges and

kept at room temperature for 30 minutes.

4. [The samples were then centrifuged for 15000rpm, 15 mihgted gnd the
isupematant was collected and absorbance was measurpq af §80nm

using an UV spectrophotometer.

3.5 S(FALE UP PRODUCTION OF ALKALINE PROTEL& EJUSING
POLYACRYLAMIDE IMMOBILIZED Bacillus amyloliq*l adgigns IN
AIRLIFT FERMENTER

;The scale up was carried out in an airlift ferrhdnter Jusing
polyaqrylamide immobilized Bacillus amyloliquefaciens. The yojunje]of the

fermefpter was 4 litres and its working volume was 2.5litres.

MATERIALS

[Production medium — 2 litres (See appendix 6.1)

Polyacrylamide immobilized cells



2. [The medium was then inoculated with 10% of 18 hour|bfoth:§ulture
under aseptic condition and the temperature was mainta:ld ptl 37 °C
with pH 9.0.
3. |An increase in temperature was controlled by running y4ter] through

the U tube provided in the fermenter jar.

4. [The pH, temperature and dissolved oxygen probes and 4 orﬂ1 foam

sensor was inserted into the fermenter and the ferment aton] frocess
was started.

5. iThe pH was controlled with the use of 0.5N NaOH as thq Hasq and 0.5
IN H,SO, as the acid.

6. ?The foam produced in the fermenter was controlled by t}#e adflifion of
bunﬂower oil as antifoaming agent.

7. R Ipm of air was supplied to the media.

8. IThe sample was collected on each hour through the sarplihd point

:Emd was assayed to find the enzyme activity.

3.6 PURIFICATION OF ALKALINE PROTEASE FR¢M Becillus
amyloliquefaciens
IThe fermentation process was stopped at a condititl »m the

s

alkalide protease enzyme showed the maximum activity. This owed

by the ipuriﬁcation process.



MAT]

MET]
I
2.

FRIALS

Activated charcoal

Phosphate buffer (pH - 8.0) (see appendix 6.5)
Glass wool

Column

HOD

I5g of activated charcoal was added to 10 ml phosphate byffer|

3. |After the charcoal got packed with the glass wool in the §cfu
fof crude sample was added to the column.
4. |A colourless pure sample was collected separately at the b+ﬁ<

column.

3.6.2 J\MMONIUM SULPHATE PRECIPITATION
!Precipitation of enzymes is a useful method of concentr: thg
an ideial initial step in their purification. It can be used on a lar
less ali'fected by the presence of interfering materials. It is § [i
effective means of fractionating proteins. The equation used tof dalg
amouf;ts of ammonium sulphate is
X = [50.6 x (S,-S1)] / (103 X S,)

Wheare ¥ — tha amie it of g rmerm 11 c11lmbhate fa add S n-r-qrn‘.:‘ |_m:u-_

The mixture was then transferred to a column packed with pl

™
o

ool.

15ml

of the

itland 1s

dand is

n’le and
Hlhte the

] 2 TA Y |



this ;Ia;nount increases the volume substantially; so the cotfe ntgagon of
ium sulphate in a saturated solution at 0 ¢ is 56.6g/100n]]]

—

amim

MATERIALS
Phosphate buffer (pH 8.0) (See appendix 6.5)

METHOD

1. |80% of ammonium sulphate was taken as a standard, |[f¢r [5ml of
iprotein sample obtained after the treatment of actith td |kcRarcoal
§(53.94g) of ammonium sulphate was added.

2. %The solution was kept in a magnetic stirrer under{ fefrlafration
icondition for overnight.

3. iThe sample was taken and centrifuged to obtain pellet.

4. iDiscard the supernatant and the pellet was dissolved {i] phdsphate
ibuffer pH 8.0.

5. 'The protease assay was carried out and the enzyme]dctiyily was

icalculated.

3.6.3 IDESALTING OF ALKALINE PROTEASE IN IHSALITING
COLUMN

IDesalting of protein was carried out to remove the salt cq rferﬂ ;1lresent



MATERIALS

Desalting column

Phosphate buffer (pH 8.0)

NaCl (25 mM) (See appendix 6.6)

METHOD
1. [The column and the buffers were brought to the room tejIr

2. ilSml of buffer solution was added to equilibrate the col .

ito be taken to avoid air bubbles.

. _iFollowing the addition of buffer, 1ml of sample was addpd gt

(S}

Ei_drained off completely.

=Y

. LAfter the addition of sample 1ml of distilled water was pdded plowly

land collected to wash the column. This was repeated for § fo 6

A

. The sample was eluted with 1ml of 25mM NaCl solution

. iThe enzyme activity was then assayed.

~1

. IThe elution of sample was stopped when the activity dec*e#se: :

3.6.4 EPURIFICATION OF ALKALINE PROTEASE ﬁY PEAE
CELIi,ULOSE ANION EXCHANGER
iCellulose helps to retain the protein on the addition of{sgmplg to it.

J 1pOmM

Tric chlaride Qadiiim ochlarmde of A5 fFarant ~mneorterat; onm Feomd (1 DNt E~ 18 A

The column was equilibrated with low concentration buffer su¢h a

o




MET]
. [2 g of DEAE cellulose was weighed and transferred to 11 Il

[

3.6.5

AL@LINE PROTEASE USING SDS PAGE
S]:DS PAGE is commonly used to separate protein dependi

o= P . T

. [The pellet was washed twice with (100mM; pH -7.5) Tk

HOD

The resin was washed three to four times with wa

centrifuged at 1000-2000 rpm for 5 minutes.

4

using the same cellulose Tris solution was prepared.

Following the addition of glass wool cellulose Tris |s
ladded

. iDifferent concentration of NaCl (0.2 M — 1M) was addefd

!the bottom and Tris solution was drained off,

{15 ml of phosphate buffer was added to equilibrate the cq lﬁmn.
. IThe sample collected after the desalting was added didw]

icolumn and kept for few minutes then drained off.

icolumn one by one and the sample was collected ang

\assay was carried out.

| CHARACTERISATION OF MOLECULAR WE

Initially the column was packed with certain amount of aiasu«

iThe set up was kept as such for few minutes until celluH-se :

el

OF

ol uﬂqT their



MATERIALS REQUIRED

PROCEDURE
1.

Lt

o]

~]

o0

(See appendix 6.8)

Electrophoresis power supply

_iwas kept in a vertical position in gel casting stand.

: iThe separating gel mixture was slowly poured into the|grp
!the glass plates leaving sufficient space for pouring stacking g

. [Leave the set up for 10 — 20 minutes for polymerization.

igel to remove the unpolymerized acrylamide.

. IThe stacking gel mixture was poured slowly over tl“ne sufr

[polymerized separating gel.

[The glass plates were assembled with spacers between it t!Pe :

. !Slowly insert a comb over stacking gel without the forfriatignd of air

lbubbles.

. éAfter polymerization, the spacer was removed carefully

éwas mounted on the electrophoresis removing the bottofn] sph

]the comb was removed carefully for the development of y¢ll.

. _iThe top chamber and the bottom chamber of the tank wdr fi

2

Ned with

ftank buffer.

H . I R T ) T O~y 3 - 'l 'J_I -

1B ~ a=xr



12.[The gel was removed and subjected for silver staining] o Nigw the

protein band.

3.6.5.1 SILVER STAINING

Bilver staining was carried out with MEDOX BIO silvet {taihi

Silver |staining is more sensitive than the common Coomassive]G?
hence [it allows easy detection of proteins. Trichloro acetic adiq p

the fixing solution removes the interfering ions and detergents|ffonf

and pregvents the movement of protein out of the gel. Sensitivity ¢f s}
increa%ed by glutaraldehyde present in the cross linking sol§tjon|.

stain @vas removed and the gel was rehydrated by washing ijth

water.| Better image of the band was obtained on the addi
nitratei. Finally, the silver ion was reduced to metallic silver tthq
band by the developing solution and the bands appear gol

colourf.

MATERIALS
MEDOX BIO Silver staining kit.

METi{OD

1. iAfter the electrophoresis the gel was removed from thq tiaSﬁete and



5. Cross linking solution was then discarded and the de] Wa} then
immersed in double distilled water with gentle shakng|
Ininutes.
6. Water was discarded and 25 ml of reducing solution whq add¢d and
the gel was kept at room temperature for 20 minutes.
7. [The reducing agent was discarded and 25 ml of silvef pifga

pdded and kept for 10 minutes.

8. [The gel was then washed with double distilled water for 3 i

9. Water was discarded and 25 ml of developing solution (pkh

iml of Formaldehyde) was added and kept for 10 minutes
shaking.
IO.IThe former step was repeated once again.
ll.iThe reaction would stop on the appearance of golden or p colour
Erto the band. The developing solution was discarded aprj:l; ml of
jwater was added to the gel.
121The gel was the observed under white illuminator for th‘a preggnce of

ibands.

3.7 E$TIMATION OF PROTEIN BY FOLIN-LOWRY’S M TR@D
iProtein estimation was carried by Lowry’s method (1950} Iff fprms a

coppef protein complex in the alkaline medium. This complex| therf rpduces

PR R I SRR N R LA R BRI, (U T Uy [ [ R k“IJ_:I AR IR



METHOD
1. Take 0.1 ml sample and 0.9 ml of distilled water in 4 fest] thbe in

duplicate.

S

Add 5 ml solution C in all the tubes and leave for 10 mi#mes aj room
femperature.

3. Add 0.5 ml solution D and mix immediately and vigorougly.

4. After 10 minutes record the absorbance against blank at Q0P n

5. jPrepare calibration curve by plotting optical density ng t the
i&standard tyrosine solution.

6. talculate the protein concentration mg/ml by reading tl*e L’abuo ance

of sample on standard curve.

3.8 ISOLATION OF DNA
MATERIALS REQUIRED
[See appendix 6.10)

METi—IOD

: iThe bacterial culture was centrifuged at 7500 rpm.

|

. [The pellet was then suspended in 180 pL of lysozyme sokrfior}

3. [The sample was incubated at 37°C for 30 minutes.
A

iFn“r\\M;h(’r tha 1rneiibaticarm Y 0l AF mretatrnaces K me e ")ﬂf{ J_II I Fod Y o o/



7. 1200 ul of 100% ethanol was added to the sample and V45 rhiked by
pulse vortexing for 15 seconds.

8. |After vortexing, it is then centrifuged for few seconds t;em ve the
h

drops from the inside lid. The sample, buffer and the et 1|hag to be

mixed thoroughly to yield a homogenous solution.

9. |Carefully pour the mixture to the QIA amp Spin LCroh and
centrifuge at 800 rpm for 1 minute.

10)Spin column was opened carefully and 500 pl of Buf#e 1 was
added.

llj_The spin column was placed in a collection tube 1 tube
icontaining the filtrate was discarded. It was centriﬁ.lgedur 8DA0 rpm
%for 1 minute.

12!The collection tube containing the filtrate was discaq:lépd was

ireplaced by a fresh collection tube.

iat 14000 rpm for 3 minutes.

14jAfter centrifugation, the collection tube with filtrate wab disparded

iand replaced by a fresh one.

15]200 ul of buffer AE was added and incubated at room tefnperhtfre for

s minutes (increases the yield) and then centrifuged at 8900 rprh for 1

iminute.

.r]-—-| - " P . " . - w4 - = - r .



denatyration, annealing, and extension. The above three procepq cinfinues

for 3() cycles. The primers are added to the target DNA that fHevile
bind tp opposite strands of the target DNA. The synthesis takeq fflack
57 =3[ direction. The kit used for PCR was provided by “FERIME]I’E

and tHe 2 X PCR master mixes provided contains the dNTP{, [Ta

polymerase.

MAT*ZRIALS
[BANGALORE GENEI PCR KIT
i(See appendix 6.11)

METHOD
_gLFhe following components were added in a PCR v+a] fqr

forwatd and reverse reaction.

POSITIVE REACTION
|2X PCR master mix - 12.5ul
:@Forward primer - 5ul
iReverse primer - S5ul
iTemplate DNA - 5 ul
Nuclease free water - 22.5 ul

AT J"‘I‘T‘?'I? T A S "I YA AT

both



Table 3.2 PCR

Initial
REACTION Denaturati Denaturation Annealing

on

|
terttipn |
|

|
|

Final
Extentio

n

TEMPERATURE 94°C 94°C 58.6°C

V270 ;

72°C

TIME PERIqD 3 Minutes 30 Seconds 30Seconds

ninpigs

30 cycles

3minutes

]
1

The rtjfaction was followed as

1. jAfter PCR 10 ul of sample was mixed with Sul of gel logd

nt_-d =
2.115ul of sample was loaded in 1.8% agarose gel and elgcyrof h[resis

Iwas carried out.

Table 3.3 Primer data

......................... B e 4 -

Sequdnce  AAGAGTGAGAGGCAA GATTGAACATG

il
-

Forward Primer Data  {Reverse Primer Dafq ||

dabea







4.0 RESULTS AND DISCUSSION
4.1 MEDIA OPTIMIZATION WITH MOLASSES

Molasses was used as the sole carbon source. The corfc :ntIfion of

molasses was varied and the optimum concentration of molads¢s i fwhich

the enzyme production was high was found out.

| Table — 4.1 Alkaline protease activity using 1.0% mojabset

Time(hrs) | Activity(U/ml)

. I 1.62
| 7 1.79
13 1.98
L 19 2.24

25 2.03
31 1.78
{ 36 1.53

Table — 4.2 Alkaline protease activity using 2.0% muh*ses:
| Time(hrs) | Activity(U/ml)
1 1.80
7 2.03
13 2.26




Table - 4.3 Alkaline protease activity using 3.0% mokalse: '

Time(hrs) | Activity(U/ml)
1 1.94
7 2.16
13 2.38
19 2.88
25 243
31 2.18
36 202

| Table — 4.4 Alkaline protease activity using 4.0% mola%ses

Time(hrs) | Activity(U/ml)

1 2.11

7 2.37

13 2.77

19 3.01
25 2.80
31 2.56
36 2.43

' Table — 4.5 Alkaline protease activity using 5.0% mo‘abses

Time(hrs) | Activity(U/mi)
1 2.34

v o Y 4}




Table — 4.6 Alkaline protease activity using 6.0% mojapsep:

Time(hrs) | Activity(U/ml)

1 222

7 242

13 2.81

19 3.25
25 3.00
31 2.75
36 2.61

Table — 4.7 Alkaline protease activity using 7.0% mDL#S“

Time(hrs) | Activity(U/ml}

1 2.18

7 2.38

13 2.68

19 3.04
25 275
31 2.59
36 2.32

Table — 4.8 Alkaline protease activity using 8.0% moh#ses

Time(hrs) | Activity(U/ml})
1 2.12

7 g




Figure — 4.1 (Molasses)

The table - 4.9 shows the maximum activity of al lLae

diffe*ent molasses concentration during 19™ hour of the Hagte

The lactivity increases as the molasses concentration ge} jn

reacl‘ies the maximum at 5% meolasses concentration. The a¢tivi

as th4: molasses concentration increases further due to subs t¢ 1

Talble — 4.9 Optimization of molasses for alkaline prote L

Molasses concentration | Maximum activity(U/lm)
1.0% 2.24
2.0% 2.59
3.0% 2.88
4.0% 3.01




4.2 EFFECT OF TEMPERATURE ON CRUDE ALKALH*E

PROTEASE ACTIVITY
The thermostability of the crude alkaline protease was folgd

performing the assay at different temperatures ranging from 407 to :

Table — 4.10 Effect of temperature on crude alkaline |:+r ted

! Temperature (°C) | Activity (U/ml)
| « 40 3.34
50 3.91
60 3.65
70 3.23
80 3.15
90 3.03

{Table — 4.10 shows the activity of the crude alkaline prof 3Ie t
differ*nt temperatures. Generally, the optimum activity of alka p[
range% between 25°C to 70°C (Noguelra ef al., 2006). The alkafir]e | .
produi:ed shows the maximum activity at 50°C, which makes it a|poT

industkial enzyme.

ITY

4.3 EFFECT OF pH ON CRUDE ALKALINE PROTEASH Act



Table — 4.11 Effect of pH on crude alkaline prote

pH | Activity (U/ml)
6.0 3.29
7.0 3.58
8.0 3.78
9.0 3.93
| 10.0 3.45

i

Table — 4.11 shows the activity of the crude alkaline proﬁ

—t—
%

different pH. Generally, the optimum activity of alkaline protegsq r

between 6.5 to 10 (Morihara, 1963). The alkaline protease produge

the mhximum activity at 50°C, which makes it a potent industr

4.4 INIMOBILIZATION

ilmmobilization of the Bacillus cells was carried out using #h:

differént types gel entrapment techniques.

Tabl*:-—4.12 Enzyme activity from sodium alginate immobil‘zkd

ampyloliquefaciens

Time(hrs)

Activity(U/ml)

1

2.79

7

05

Ble

s5¢

Bdcilius




Tabl¢s—4.13 Enzyme activity from polyacrylamide immobi#md ﬂncillus

amyloliquefaciens
Time(hrs) | Activity(U/ml)
1 298
7 333
13 3.89
; 19 4.46
] 25 4.04
! 31 3.96
36 3.72

Table—4.14 Enzyme activity from gelatin immobilize

Time(hrs) | Activity(U/ml)

1 2.82

7 3.28

I3 3.84

19 4.30
25 3.82
31 3.79
36 3.37

|Table — 4.15 Optimal enzyme activity with different tYefes nI

immobilization of Bacillus amyloliquefaciens | |

-
g
7




produced from Bacillus amyloliguefaciens under different| jmi

from

protegse activuty was observed. The alkaline protease
immobilized cells in polyacrylamide was found higher followgd|by

Low level of alkaline protease production was observed with gg¢ljtinl

4.5

iThe thermostability of the alkaline protease from immob|l

was f4>und out by performing the assay at different temperature} fangi

Table — 4.15 shows the maximum activity of alks

b hours onwards to 19 hours. On further incubation decl

FECT OF TEMPERATURE ON ACTIVITY OF
PROTEASE FROM IMMOBILIZED Bacillus amyloliquefacEn '

—_—
»

conditions. A gradual increase in alkaline protease productioL af

AL

ellr

i ;

agtivlt

from 40°C to 90°C.
éTable — 4.16 Effect of temperature of alkaline protea hrun
immobilized Bacillus amyloliquefaciens
Temp!krature(°C) Sodium alginate | Polacrylamide | Gelatin a!:t vitly [U/ml)
é activity (U/ml) | activity (U/ml)
740 3.75 438 N
50 413 4.50 B2l
' 60 3.87 4.37 BP8||
[ P ~ 1




temperatures. Generally, the optimum activity of alkaline protehse

Table — 4.16 shows the activity of the alkaline protease

between 25°C to 70°C (Nogueira et al., 2006). The alkaline pr

produged by immobilized cells shows the maximum activity at

makey

4.6 E
FRO]

found|out by performing the assay at different pH ranging frorrﬁ 6

Tabie —4.17 Effect of pH alkaline protease from immobilize A4
| amyloliquefaciens
pH | Sodium alginate | Polacrylamide Gelatin
Activity (U/ml) | Activity (U/ml) | Activity (U/o})
6 3.63 4.02 3.94
7 4.01 4.39 4.20
8 4.23 4.67 4.51
9 4.60 4.81 4.78
10 4.38 4.61 4.42

it a potent industrial enzyme.

FFECT OF pH ON ACTIVITY OF ALKALINE
Ml IMMOBILIZED Bacillus amyloliquefaciens

The stability of the alkaline protease from immobilized ¢

fittd




4.7 $SCALE UP PRODUCTION OF ALKALINE PR All
POLYACRYLAMIDE IMMOBILIZED CELLS
FERMENTER

The scale up process was carried out with nolgri
immébilized Bacillus amyloliquefaciens in airlift fermenter. |

Figure-4.2 Scale up enzyme

lTable — 4.18 Enzyme activity from scale up enzyme *deuﬂion

Time(hrs) | Activity(U/ml)
1 3.29
7 8.64
13 17.97
19 2532
25 20.47
31 17.55
36 13 6§69 11 11




Tabl

ih‘able- 4.20 Effect of pH on enzyme from scale up pro++ctib[l

IThe enzyme was scaled up and the activity was increase

i

The s'iabi]ity of the enzyme was also checked and was found

Temperature (°C) | Activity
40 1 S.gé
50 25.74
60 20.00
70 18.07
&0 17.52
90 15.88

pH ACU}HI’Y
6.0 | 1627
7.0 | 19.96
80 | 23.79
9.0 | 25.67
10.01 22.64

m

0 1Bl

- 4.19 Effect of temperature on enzyme from scale upy prolimtion




4.8 | PURIFICATION OF ALKALINE PROTE
POLYACRYLAMIDE IMMOBILIZED Bacillus amyloli
Downstream process involves the purification of e
steps|involved in the purification process were carried out ar

the alkaline protease was found after each step which is giv]

4.21.

4.8.1 PROTEIN DESALTING WITH DESALTING COI}I [MIN]

Figure — 4.3 Purification using desalting colu#




4.8.2 PURIFICATION OF PROTEIN BY DEAE CELLU IIO‘.‘":EI ANION
EXCHANGER

Figure — 4.4 Purification using DEAE colunjn

4.8.3] MOLECULAR WEIGHT CHARACTERI AP.'ITI N OF
ALKALINE PROTEASE USING SDS PAGE

-5 SDS PAGE




The SDS PAGE was carried out with alkaline proteasp DbE'
each dtep of purification. The molecular weight of alkaline ot
found [to be approximately 30000 Da.

The concentration of protein obtained from ammonjujm

precipitation, protein desalting and DEAE cellulose steps \]'e jﬂ
av}

from the tyrosine calibration curve and the specific activity
by the|formula
3 Activity (U/ml)

Speci11]c activity (U/mg) =

Concentration of protein (mg/ml)

Tab‘e —4.22 Activity of alkaline protease in various purifi*aﬁiorrilteps

Steps Activity Speckil adthity
| (Uil) Plmgd)
Ammgnium Sulphate Precipitation 20.17 /.77
| Protein Desalting 17.86 71.32
| DEAE Cellulose 14.73 10p.8p

Erom table — 4.21, it was clear that the specific activify|of eiﬂ(aline

protealse increases from one step to another in the purification pkq:easi.

11 111




4.9 ISOLATION OF DNA

Isolaged
DNA

4.10 k’OLYMERASE CHAIN REACTION

Figure — 4.6 Isolation of DNA from Bacillus amylol 'quefaﬂ('-ens

Isolation of Genomic DNA'frow Bacteria

S
_

Figure — 4.7 PCR




yield products of improved quality and reduce the use ck hagakdous and

pollyting chemicals.

4.112 DESTAINING OF BLOOD
Figure — 4.10 Cloth with blood stain before applyiqg enﬁyme

Figure — 4.11 Cloth with blood stain after applying pnayme

In case of removing blood stain from cloth, it was sqej tha

|

prott*ase enable to remove blood stain very easily without adqd]ti

deteligent. This protease showed high capability for removinF Drojti

,-iﬁ



ko




5. SUMMARY AND CONCLUSION

-

i Bacillus amyloliquefaciens was used for the producti¢n] off |

protease with molasses as the sole carbon source. The C(I ant'f I
molagses was optimized to be 5% in the production medium

the hfghest enzyme production. The stability of the crude| dnz}
checkled for various temperature aﬁd pH. ;FEe activity of thq ¢nz}
found to be Optim I;HM?O_} l}

|The Bacillus cells were immobilized with differgry |

entrapment techniques. The polyacrylamide immobilization] $f |f
showed higher protease activity than other immobilizations. The kenk

for the protease from immobilized cells was optimum at SOC agd th¢

opti1n|um at 9.0.

EThe scaled up production of the enzyme was carripq

polyai:rylahlide immobilized cells in airlift fermenter with a wq rl:inI
of 2.9 litres. The enzyme activity was increased to 5 to 10 fdids.
f0110\1lred by the downstream processing i.e. purification of] the [eRzyme.
Ammbnium sulphate precipitation was carried out with 80% Jar
sulph+te and finally with the DEAE column.

I'The application of alkaline protease was also checked{fy dskhg the

enzyn]le in dehairing of skin and destaining of blood. Finally fhe






6.0 APPENDICES

6.1 PRODUCTION MEDIUM

6.1.1 MEy{JGM COMPOSITION

Carbon source {molasses) - (diff. conc)
Nitrogen source (soy bean flour) - 0.3%
Salt solution - 5.0%

' Adjust the pH t0 9.0
6.1.2 SALT SOLUTION

| Magnesium Sulphate 5.0 g/l

5.0 g/l
0.1 g/l

| Potassium Dihydrogen Phosphate

iF errous Sulphate

. Adjust the pH to 7.0.
EFFBf\CT OF TEMPERATURE ON CRUDE ALKALINE ?ﬁOFlASE
ACTIVITY
6.2 ALSAY MATERIALS
6.2.1 LZASEIN SOLUTION

éTris HCI _ 7.8¢g
| 10g

[ Caseln

ép to 8 and make up the volume to 1 liter.

Dr\\g

5%

T g P 1 1 | B |




6.3 IMMOBILIZATION OF Bacillus amyloliquefac*?ns

SODIUM ALGINATE
3% SODIUM ALGINATE

6.4 INNMOBILIZATION OF Bacillus amyloliquefaciens USJIT[G

GELATIN
6.4.1 0% GELATIN

it at 1'21°C for 15 minutes.
6.4.2 5% GLUTERALDEHYDE

./_\ D LX} "LNQ.

6.5 P]{GSPHATE BUFFER 0.1 M (pH -8)
(1 OM) Potassmm Dihydrogen Phosphate

_( {(1.0M) Dipotassium Hydrogen Phosphate

Diluté, the combined 1M stock solutions to 1 liter with distilled

6.6 SODIUM CHLORIDE (25mM)
|Sodium Chloride -
IDistilled Water i

Dissolve 3 grams of sodium alginate in 100 ml of distillerd

iDissolve 20 gms of gelatin in 100 ml of distilled water aﬁc

Make up 5 ml of gluteraldehyde to 100 ml with distilled

- 61.5
- 38.5

1.461g

1 liter

V]

1

atey.

ter.




6.8 REAGENTS FOR
6.8.1 ACRYLAMI
Acrylamide

Bisacrylamide

Add qistilled water to make the final volume to 100ml .Store it

bottle]

6.8.2 SEPERATING GEL MIX

Acrylamide stock solution
| 4x separating gel buffer

| 10% SDS solution

| Distilled water

10% APS

ETEMED

6.8.3 STACKING GEL MIXTURE
EAcrylamide stock solution
I;f4x stacking gel buffer
L 10% SDS
iDistilled water
|10%APS

T ERAT T

MONOMER (STOCK SOLUTION 30:’1.'3)

30g
0.8¢g

Sml
3.75 ml
0.15 ml
6.05 mi
85 ul
30 ul

0.665 ml
1.25 ml
0.05 ml
3.0 mi
35 ul

L B & T |

9 a|pipbwn




6.8.4 SEPERATING GEL BUFFER (4X) PH 8.8 B

Tris - 18.15¢g
Distilled water - 75ml
Adjudt the pH with 0.1 M HCL and make the final volume to 1
distilled water.

6.8.5 STACKING GEL BUFFER (4X) pH 6.8/
| Tris 1.5¢

i Distilled water - 20ml

distilled water.

6.8.6SDS 10%

%SDS / - 0lg

| Distilled water - 10ml

6.8.7 IAMMONIUM PER SULPHATE (APS) 10% FRESHLY |

| APS - o1g
E Distilled water - Iml

Adjuj;: the pH with 1M HCL and make the final volume to 25 fnf wiki

Ol With

?/EPTHRED

6.8.8 SAMPLE BUFFER (4X) pH 6.8

F y% a0 7/ = 41 1 P -




6.8.91X TRIS GLYCINE ELECTROPHORESIS BWR
25mM Tris

250 mM glycine (pH 8.3)

0.1% (w/v) SDS

Prepare a 5X stock solution of electrophoresis buffer by dissoly

ipg 11 g of
Tris base and 94g of glycine in 900ml of deionized water. Thelad&S ml of

10% (w/v) stock solution of electrophoresis grade SDS and adjjugt the

Voluqle to 1000ml with water.

6.9 REAGENTS FOR PROTEIN ESTIMATION

6.9.1 TRICHLOROACETIC ACID

l Dissolve 10gms of Trichloroacetic acid in 100 ml of dist}

-
(=R

Whter.

6.9.2 FOLUTION A 7
t Sodium carbonate /// - 2g
| Sodium hydroxide - 0N
E Distilled water _ - 100ml

6.9.3 SOLUTION B

i Sodium potassium tartarate - lg

| Copper sulphate - 0.5%



6.9.5 SOLUTION D

Folin[and Ciocalteu’s phenol reagent: Dilute with distilled watgrko [f

s —

dilutipns.

6.9.6 SODIUM CHLORIDE 1M
Sodium chloride - 58.44 ¢

Distilled water - 1 liter

|

;
6.10 #NZYME SOLUTION

! Lysozyme - 20 mg/ml

 Tris HCI - 20mM  (pHBP)
'EDTA - 2mM

; Triton - 1.2%

6.11 i’CR MATERIALS
E 2X PCR master Mix
[ Forward Primer
i Reverse Primer
| Template DNA

| Nuclease Free Water
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