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ABSTRACT

Since many years ago many researches have beenrdorger to find the
latest, cheaper and more effective ways of gettiuigof lignin so that they can get to
the cellulose fibers. Lignin is the main problemsthe pulps and paper industries.
The presence of lignin makes the newsprint turfoyelBesides that, the presence of
lignin also contributed to problems such as aciegioff as the woods deteriorates.
So that, in order to produce fine papers it is ededo removes the lignin.
Biodegradation of lignin by microorganisms is tlagekt technology being found to
replace the conventional method which using chesiita remove lignin. Using
microorganisms to removes lignin contributed inu@dg cost and besides that, this
method is really friendly to the environment. Thaimobjectives of this study are to
screen, to characterized microorganisms from sail produce the lignin degrading
enzymes and to analyze the enzyme activity. Thiegss includes of two phases:
screening process and the characterization pro§essening process was done using
selective agar containing alkaline lignin. The ralm was characterized using simple
staining, gram staining, and spore staining. Tgeiti degrading microbe found was
tested; the result was a gram positive and, hagmdpspore. The optimum pH was
found to be in pH 7.0 while the optimum temperatdigcovered was 50°C with

enzyme activity at 588.8mol/ml/min.
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ABSTRAK

Sejak beberapa tahun lalu pelbagai kajian telabatiblalam mencari jalan
dan kaedah terbaru, yang paling murah dan lebktietentuk mengeluarkan lignin.
Lignin merupakan masalah utama dalam industri pupa pembuatan kertas.
Kehadiran lignin menyebabkan kertas yang dihasilk@arwarna kuning. Selain itu,
kehadiran lignin juga menyumbang kepada masalatrsgerembesan asid apabila
kayu mereput. Oleh sebab itu, dalam menghasilkalakgang bagus dan berkualiti,
adalah perlu supaya lignin yang terdapat dalam tinab berkayu dibuang terlebih
dahulu sebelum diproses menjadi kertas. Biodegrdig@mén oleh mikroorganisma
merupakan teknologi terbaru dijumpai bagi menggantikaedah lama pembuangan
lignin di mana kaedah lama menggunakan bahan kyarg merbahaya kepada
manusia dan persekitaran. Dengan menggunakan ibagengurai lignin boleh
mengurangkan kos di samping kaedah ini mesra alam tdlak mendatangkan
bahaya kepada persekitaran. Objektif utama kaj@nadalah untuk mengkaji
pengskrinan dan pengelasan ciri ke atas baktengypai lignin dan pengelasan ciri
ke atas enzim yang dihasilkan oleh bakteria pemdigran. la melibatkan dua fasa:
proses pengskrinan, proses pengelasan ciri. Pengsldibuat dengan menggunakan
agar pemilih yang hanya mengandungi alkali ligrgbagyai sumber karbon. Bakteria
yang dijumpai diuji dengan staining ringkas, graairsng, dan spora staining untuk
mengetahui ciri-cirinya. Hasilnya, bakteria yanguohipai merupakan bakteria gram
positif dan mempunyai endospore. pH optima didag@aiah pH 7.0 manakala suhu
optima yang didapati adalah 50°C pada aktiviti ensiersamaan dengan 588.3

umol/ml/min.
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CHAPTER 1

INTRODUCTION

1.1 Introduction and Problem Statement

Screening of lignin degrader from soil is all absaarching microorganisms
which produce enzyme that degrades lignin. Ligsim isubstance in trees that hold
cellulose fibers together. Lignin is found in a#lscular plants and it functions are to
regulate transport of liquid in the plant and tsferce the cell walls in order to
avoid them from collapsing. Besides, the advantddignin is it can limit the spread
of pathogens in plant tissues. However, the adgastare only useful to the plants
but not to the industry especially to the papewustdes. Lignin will be removed in
order to produce fine papers. The present of lignihcontribute problems such as
acid gives off as the woods deteriorates. The sanwlelem goes to paper and board

which contain lignin.

The structure of lignin is complex. It makes tieddose and hemicellulose in
wood indigestible. It contains benzene ring withadl of three carbons. It also
appears to have a lot of internal H bonds makimgntivery resistant to degradation
process naturally (McCrady, 1991). Before beingdpced as papers, the timber will
undergo certain treatments to remove lignin. Cotigaally, the paper industries are
using the cooking method in order to remove ligiinis method is limited to certain
time and has to be stopped before all the lignmlmaremoved. This is because the
cellulose would be gone too if the treatment isticued. To overcome this, they use
bleaching method which will remove the remainirgnin. Bleaching method needs



the usage of toxic chemicals such as chlorinerderoto get benefit for both industry

and environment, many studies have been done.

Lignin is one of the most abundant natural polysrar earth. White rot fungi
are primarily responsible for initiating the depwlgrization of lignin in wood. Types
of lignin degrading enzyme that can be found arehsas lignin peroxidase,
manganese peroxidase, glyoxal oxidase and lacebseafd et al., 2003). Most of
these enzyme produced by fungi. Such bacteriacdvaproduce lignin peroxidase is
Streptomyces viridosporyRamachandrat al.,1987). Some previous studies found
that Phanerochaete chrysosporiumso produce lignin degraders enzyme. The
chemical and physical properties of this fungusthat they grow and degrade lignin
rapidly. Besides, they also have relatively higmperature optimum and they
produce no lactase.

A new approach for degrading the lignin has beemd in 1982 (Kirket al.,
1985) where they use the enzyme collected fromifuBug due to the fact that fungi
are hazardous, other methods in producing thenligeigrading enzymes was found
in bacteria. The bacteria will be cultivated toraxt the enzymes needed and then

being produced in a large quantity for industriatgose.

1.2  Objective of the study

The objective of the study is to screen and toradtarize microorganism

from soil that produce the lignin degrading enzymes



1.3 Scope of the study

The scope of this study consists of two parts whih

i) Screening of microorganisms from sample soils and

i) Characterization of the microorganisms and enzymséasy morphology tests

and enzyme analysis.



CHAPTER 2

LITERATURE REVIEW

2.1 Lignocellulose

Lignocellulose can be defined as a combinatiotigrfin and cellulose that
strengthens the woody plants (Freedictionary.colgnocellulose is the major
structural component of woody plants and non-woptgnts such as grass and

represents a major source of renewable organiem@towardet al.,2003).

Lignocellulose consists of lignin, hemicellulosedacellulose and table 2.1
shows the typical compositions of the three comptsé various lignocellulosic
materials (Bett®t al., 1991). They are the building blocks of all plaated are the

ubiquitous to most regions on earth.

The chemical properties of lignocellulose makertlesubstrate of enormous
biotechnological value. The basic chemical striectaf these three compounds in
lignocellulose has a profound on lignocelluloseiaey architecture (Malherbet al.,
2002).



Table 2.1:Lignocellulose contents of common agriculturesteand residues

(Howardet al.,2003)

Lignocellulosic Cellulose (%) Hemicellulose Lignin (%)
materials (%)

Hardwood stems 40-55 24-40 18-25
Softwood stems 45-50 25-35 25-35
Nutshells 25-30 25-30 30-40
Corn cobs 45 35 15
Paper 85-99 0 0-15
Wheat straw 30 50 15
Rice straw 32.1 24 18
Sorted refuse 60 20 20
Leaves 15-20 80-85 0
Cotton seeds hair 80-95 5-20 0
Newspaper 40-55 25-40 18-30
Waste paper from 60-70 10-20 5-10
chemicals
Pulp
Primary wastewater 8-15 NA 24-29
solids
Fresh bagasse 334 30 18.9
Swine waste 6 28 NA
Solid cattle manure 1.6-4.7 1.4-3.3 2.7-5.7
Coastal Bermuda 25 35.7 6.4
grass
Switch grass 45 31.4 12.0

NA= Not Available




In degradation of lignocellulose, weak acids temaemove lignin but result
in poor hydrolysis of cellulose whereas strong s@dcurs under relatively extreme
corrosive conditions of high temperature and pHmmch necessitate the use of
expensive equipment (Howardt al., 2003). The exact mechanism by which
lignocellulose is degraded enzymatically is stok fully understood but significant
advances have been made to gain insight into theroorganisms their

lignocellulolytic genes and various enzymes invdluethe process.

2.1.1 Lignin

Lignin can be defined as a hard material embeduddide cellulose matrix of
vascular plant cell walls that functions as an ingo@t adaptation for support in
terrestrial species (Campbell, 2002). It is founastty between cells and also within
the cells. Lignin holds cellulose and fibers togethrhe high concentration of this
recalcitrant polymer is found in the middle lamglighere it acts as a cement
between wood fibers, but it is also present inlélyers of the call wall (especially the
secondary cell wall), forming, together with henllideses, an amorphous matrix in
which the cellulose fibrils are embedded and pteté@gainst biodegradation. Its
function is to regulate the transport of liquidtire living plant partly by reinforcing
cell walls and keeping them from collapsing, paldyregulating the flow of liquid
and it enables trees to grow taller and competsdashine (McCrady, 1991).

As in nature, lignin has been grouped into seveppés of characteristics
such as, hardwoods, softwoods and grasses. Eaehdgpesents a lot of variations.
Lignin differs from one species to another and ali$f@rs from one tissue to the next
even in the same plant. Lignin is the major compomé the middle lamella region

of wood, but the most of the lignin is found withire secondary wall.



= Fibre Direction -

Cellulose Fibrils
Hemicelluiose

Lignin-Hemicellulose
Matrix

Figure 2.1: Molecular architecture of woody tissues: (a) Haraf contiguous wood
cells, (b) wall layers in cut-away view of singlellc and (c) section of secondary
wall illustrating the relationship of hemicellulos@d lignin to the cellulose fibrils.
Cell wall layers are P (primary): and S1, S2 ands&@ondary). The middle lamella
(M.L.) separates the cells (Kigk al.,1985).

In paper and pulp industries, lignin is the colomdterial that must be
removed in pulp bleaching because it is what makesnechanical pulp fibers stiff
and makes newsprint turn yellow (Kirt al., 1985). Lignin is what makes the
cellulose and hemicellulose in wood indigestibleignin is indigestible by
mammalian and other animal enzymes but some fundi lzacteria are able to
biodegrade the polymer (Wikepedia.org). Lignin &wresistant to the degradation
because it being held together with the strong atenbbonds. Lignin is a complex
polymer in which the building blocks are phenoliempounds. It contains three
different aromatic alcohol units which areniferyl alcohol, p-courmaryl alcohaind
sinapyl alcohol (Howardet al., 2003). Lignin macromolecules in which are mostly

made of phenylpropanoid units linked each othesubh different kinds of bonds.



All lignin contain small amounts of incomplete modified monolignols and
other monomers are prominent in non-woody plantalgRet al., 2001). The
complexity of lignin is the main cause, why lignsvery hard to be degraded. The
variety of units in lignin cannot be degraded bgirggle enzyme because different
enzymes are needed to break each bond. The swuofulignin was finally

understood only in 1960s, through pioneering wasked primarily in Germany and

Sweden.
HO OH
Lignin—Q
0
HO
I OMe
QO
HGO
- OH HO
OH HO OH
o 0
OMe
(-0
MeO OMe
Q 0
HO
OMe
OH

Figure 2.2: The structure of Lignin (Wikepedia.org).

2.2 Lignin Degrading Enzymes

Lignin has been found to have a very complex siimnecwhich contributes to

the needed of these substrates to be degraded f&ythan one enzyme. Different



enzyme may be degrading lignin by cleaving difféngarts of the lignin structure.
Tables 2.2 show the different types of enzyme whiellps degrading lignin in
different parts of its structure.

Table 2.2: Enzymes involved in the degradation of lignin (&kdia, 1994)

Enzyme Activity,
Abbreviation

Cofactor or Substrate,
“Mediator”

Main Effect or Reaction

Lignin peroxidase, Lip

Hzoz’ veratry alcohol

Aromatic ring oxidized to
cation radical

Manganese
peroxidase, Mnp

HZOZ, Mn, organic acid as

chelator, thiols,
unsaturated lipids

Mn(Il) oxidized to
Mn(lIl); chelated Mn(ll1)
oxidizes phenolic
compounds to phenoxyl
radicals; other reactions In
the presence of additiong
compounds

Laccase, Lacc

OZ; mediators, e.g.,

hydroxybenzatriazole or
ABTS

Phenol are oxidized to
phenoxyl radicals;
otherreactions in the
presence of mediators.

Glyoxal oxidase,
GLOX

glyoxal, methyl gloxal

Glyoxal oxidized to
glyoxylic acid,; HZO2

production

Aryl alcohol oxidase,
AAO

Aromatic alcohols (anisyl,
veratryl alcohol)

Aromatic alcohol
oxidized to aldehydes;
HZO2 production

Other H202 producing

Many organic compoundsg

O reduced to HO
2 2 2
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2.2.1 Lignin Peroxidase (Lip)

Lignin peroxidase is one of the enzymes which dagrade lignin. Lignin
peroxidase is also known as ligninase. They areehpmteins, exhibiting Soret
bonds in the visible range of 408 nm. This heméegamocan easily been inhibited by
the known heme inhibitor such as potassium cyaait® sodium azide (Howaret
al., 2003). It degrades lignin by oxidation activitydatiis oxidative activity has been
found occurred in pH range of 4.0 — 8.0. Acidic gdhdition is the optimal for lignin
mineralization. A lignin peroxidase enzyme havingialecular weight of about 18
kD.

Enzyme activity that producesoxidation and G-Cp cleavage of lignin
and lignin degradation products, have a speciftviag greater than 0.30 enzymes
U/mg. (Crawfordet al., 1993). This enzyme is extracellular, oxidativejuaible by
lignin, larch wood xylan, or related substrates aapable of attacking certain lignin
substructure chemical bonds that are not degradbpleknown fungal lignin
peroxidases. This bacterial enzyme has been prthant works more effectively
compared to the lignin peroxidase produced by fuhigis is due to the capability of
bacterial enzyme of attacking certain lignin subbsiire chemical bonds that fungal
lignin peroxidase cannot. Associated with primargvgh of bacteria, it results the
primary metabolic activity and not depends on oflaetors such as stress to induce
production. The high contents on organic and ineigaitrogen in culture media do
not inhibit lignin degradation by the enzyme. Thistfenzyme reported in bacterial is

Phanerochaete chrysosporiu@rawfordet al.,1993).

The mechanism of action of lignin peroxidase ist jthe same as other
mechanism of peroxidases enzymes. The reactioingdeselectron oxidation of
aromatic nucleito produce unstable species calditals. These radicals undergo a
variety of further reaction, many of which do navolve the enzyme (Kirlet al.,
1985).
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OCH, OCH5 0
Ligninase / H,0 (+H,0, -0
Q g < 22, @ S +2CH;0H
OCHs ¢ OCHy
cation
radical

Figure 2.3: The mechanism of Ligninase (Kigk al.,1985)

2.2.2 Manganese Peroxidase (Mnp)

Besides lignin peroxidase, manganese peroxidagksasfound as one of the
lignin degrading enzymes. Manganese peroxidase l®rae containing enzyme
which was first isolated from the extracellular mexd of lignolytic cultures of white
rot fungusPhaenerochaete chrysosporipyand it is considered to be a key enzyme in
lignolysis by white rot fungi. It has been one dfetimportant enzymes in
delignification of kraft pulps (Gakkaishi, 1994)t increases the brightness of
hardwood kraft pulp. The usage of manganese tredatareyway lowered the kappa
number of kraft pulp. The mechanism of manganes®xidase (Mnp) is they
release the methanol from methoxyl groups on ringh free phenolic hydroxyls
(Reidet al, 1998). However, manganese peroxidase partiilgizes the lignin in
the pulp but does not degrade it to soluble fragmérhis cause maybe the reason of
probably manganese peroxidase only function ataaly stage in the degradation
lignin was made. Manganese peroxidase requip€s Bis a cosubstrate and catalyzes
the oxidation of MA" to Mn**. Mn®*" complexed with an organic acid acts as a
primary agent in lignolysis. Manganese peroxidesldcaegrade residual lignin in

kraft pulp.
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2.2.3 Laccase

Laccase have been known for many years in plahtfamgi where they play
variety of roles includingsynthesis of pigmentsyitiy-body morphogenesis and
detoxification. Laccase was first isolated from th&panese lacquer treRhlus
veniciferg in 1883 (Chem.ox.ac.uk). Recently, laccase wasdan bacteria. They
are implicated in the degradation of lignin. Theepblic substrates provide electrons
for the concomitant four electron reduction of agmplzeric @Qto water. This situation
enables them to catalyze the one electron oxidatfi@nrange of substrates. Currently
the catalytic properties of laccases are beingoitgal for a range of technological
applications such as the bioremediation of soild water and the development of
environmentally friendly processes in the pulp aager industry (Chem.ox.ac.uk).

However, laccase alone has a limit effect on liglegradation.

It has been reported that the inclusion of a nmtediauch as ABTS (2,2'-
azonobis(3-ethylbenzthiazoline-6-sulfonate) (Fechaet al., 2006), HBT(1-
hydroxybenzotriazole), VLA(violuric acid), and TEMR2,2',6,6'-tetramethyl-
piperidineN-oxyl) can extend the substrate range of laccas@nephenolic subunits
of lignin (Fabbriniet al.,2002). The degradation by laccase was accompliathedh
surfactants were added to the system. The typeaafake, redox mediator and
surfactant affected the extent of degradation (Eletgal.,2005).

2.3 Lignin Degraders Pathway

Figure 2.4 shows the pathway of the lignin degar.deaccase or ligninolytic
peroxidases (LiP and MnP) produced by white rogfwxidize the lignin polymer,
thereby generating aromatic radicals (a), Thesdvevim different non-enzymatic
reactions, including C4-ether breakdown (b), araenaing cleavage (c), &Cp

breakdown (d), and demethoxylation (e). The ararratiehydes released fronu-C
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CP breakdown of lignin, or synthesized de novo bygiuf, g) are the substrate for
H,O, generation by AAO in cyclic redox reactions invialy also AAD. Phenoxy
radicals from C4-ether breakdown (b) can repolyreedn the lignin polymer (h) if
they are not first reduced by oxidases to phencdimpounds (i), as reported for
AAO. The phenolic compounds formed can be agairidezed by laccases or
peroxidases (j). Phenoxy radicals can also be sidgjeto @-Cp breakdown (k),
yielding p-quinones. Quinones from g and/or k dbute to oxygen activation in
redox cycling reactions involving QR, laccases, patbxidases (I, m). This results
in reduction of the ferric iron present in wood, (either by superoxide cation radical
or directly by the semiquinone radicals, and itexréation with concomitant
reduction of HO, to hydroxyl free radical (OH-) (0). The latter asvery strong
oxidizer that can initiate the attack on lignin {p)the initial stages of wood decay,
when the small size of pores in the still-intacli e&all prevents the penetration of
ligninolytic enzymes. Then, lignin degradation preds by oxidative attack of the
enzymes described above. In the final steps, sipyoléucts from lignin degradation
enter the fungal hyphae and are incorporated mitagellular catabolic routes.
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Figure 2.4: A scheme for lignin biodegradation including enayim reactions and
oxygen activation.

2.4  Bacterial Lignin Degrader

Bacteria in soils appear in small sizes in whictalde them to disperse
readily with dust particles. Some of these bacteaa assimilate nitrogen from air
(nitrogen fixation). Besides many bacteria tolerat actually required the absence
of oxygen (anoxia). Fertile topsoil might contai@ living bacteria per gram of soil
(Singeret al., 2006). These bacteria cells might be divided evewy hours under
favorable conditions.
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2.4.1 Streptomyces sp.

Streptomyces is the largest genus of ActinobaxcteActinobacteria or
Actinomycetes can be defined as a major group lamintous bacteria, some of
which are abundant in soils; once classified asrinédiate between fungi and
bacteria (Singeret al., 2006). They are a group of gram-positive bacteria
(Wikipedia.org. There are 3 genera (genus) under Actinomycetbgchware
ActinomycesNocardia and StreptomycesThese organisms are the higher bacteria.
Actinomyces are anaerobic whileNocardia and Streptomycesare aerobics
(pathmicro.med.sc.eflu Streptomyces can be found predominantly in soil in
decaying vegetation and most produce spdeasli{anan and Gibbon&974). One of
the lignin degradation enzymes can be found inetlspecies. Streptomyces species
that can produce lignin peroxidase &teeptomyces viridosporwmnd Streptomyces

badius

2.4.1.1Streptomyces viridosporus

Streptomyces viridosporuis one of the species under the Actinobacteria
group. It produced lignin peroxidase which degratigsin. The degradation of
hardwoods, softwoods and grasses ligninStkeptomyces viridosporusas been
identified Crawford, 1981). In some studieStreptomyces viridosporus grown on
the lignocellulose and it has been found that figthn and carbohydrate is degraded
(Barder et al. 1984).

2.4.1.2Streptomyces badius

Same to theStreptomyces viridosporughis bacterium also produced lignin

peroxidase. Compare to tBéreptomyces viridosporuStreptomyces badiwgas less
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lignin-like and increased substantially in averag®lecular weight over time

(Pubmedcentral.nih.ggv

2.4.2 Bacillussubtilis

Bacillus subtilisis also one of the soil bacteria. It is a Gramipas
bacterium YVikipedia.org. One of the characteristics shows Bgcillus subtilisis
that this bacterium has a natural fungicidial astiand is employed as a biological
control agent. Besides, it can convert explosive® iharmless compounds of
nitrogen, carbon dioxide, and water. It has besnaliered that this species produced
polyphenol oxidase enzyme. Polyphenol oxidase eeziralso known as laccase.

This enzyme degrades lignin as wellSiseptomyces spKorsten and Cook, 1996).

2.4.3 Pseudomonas sp.

Pseudomonais a genus of gamma proteobacteria. It belongkdadamily of
pseudomonadaceae (Wikipedia.org). The charactayisfithe pseudomonas species
are, they are rod shaped, classified as Gram-veghécteria, and also an aerobic
bacteria. Enrichment technique yielded a lignotegrading bacterium characterized
as Pseudomonas sp. This organism was able to @e@@d, dioxane and fibre
lignins which are the true representatives of mafignin. The direct polyphenol
oxidase and laccase enzyme assays and the intigeictase assay with-keto+y-
methyl thiol butyric acid and the concomitant rekeaf phenols and sugars proved

the organism's ability to degrade lignin (Uetaal.,1979).
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2.5  Fungal Lignin Degraders
2.5.1 Phanerochaete chrysosporium

Some features that might make it very useful haeenbdiscovered in
Phanerochaete chrysosporiuhe optimum temperature of this fungus is abdut 4
°C which means it can grow on wood chips in comgml&ts, which attain a very
high temperature. This fungus produced lignin pefase and manganese peroxidase

as well.

Al *

-f’_f(l'" -y

Figure 2.6: The white rot fungi
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2.6 Usage of Lignin Degrader

2.6.1 Biopulping and Biobleaching Industry

Paper pulp may be produced from a wide range lafodis and woody
(lignocellulosic) plant materials. Many of paperdustries are still using the
conventional methods. This is because of the higist cof the usage of
microorganisms. But still many industries have ugkd approach in order to
increase the quality of the products and also ifrisndly to the environment.
Microorganisms which produce enzymes are being usedbiopulping and
biobleaching industries in order to reduce the rcottue to residual lignin

(Biomatnet.org).

Microbes were screened in order to identify thestrappropriate microbial
species for lignin degradation and decolorisatidhe enzymatic system were
searched for the production of peroxidase, lignoletule attach (Lignin peroxidase,
LiP, Manganese peroxidase, MnP, and laccase). maPMnP were produced on air-
lift tyoe reactors. Those two enzymes were extthcteom Phanerochaete
chrysoporiumThe usage of single enzymatic systems was notcgariti for pulping
because it is hard to degrade lignin. The comptexctires of lignins make them
really hard to digest and they need to be treayechdre than one enzyme (Shukla
al.,2004).

2.6.2 Bioremediation

Compare to the usage of chemicals in bioremediglimcess, the usage of
fungi which have the ability to transform a wideriety of hazardous chemicals is
safer to the human and also environment friendthydegradation of lignin, the white
rot fungi are unique. This is because they evolmedspecific methods for the
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degradation of lignin. Lignin degradation is, tHere, essentially a secondary
metabolic process, not required for the main grophcess (Lamaet al., 1993)
compared to abilities of lignin degradation funguck as Phanerochaete
chrysosporiumo degrade PCP (Pentachlorophenyl) and creosatailin

Phanerochaete chrysosporiulms been shown to effect the bioleaching
of organic dyes ( Nigamat al, 1995). The role of lignin peroxidase and manganes
peroxidase produced bihanerochaete chrysosporiuhms been demonstrated in
decolorization of olive mill waste water (Sami aRddhaune, 1995Rhanerochaete
chrysosporiumand microbial consortia were effective in colomval from textile
dye effluents the fungus caused 80% decolorizatiohroth containing 2.5% of

effluent. There was reduction in BOD and COD values
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CHAPTER 3

MATERIALS AND METHODOLOGY

3.1 Chemicals

All the chemicals used in this study were of ahe#} grade and all the
chemicals were obtained from Fluka (Aldrich Cherica

3.2 Collecting Sample Soill

3.2.1 Sources of Lignin Degrader Enzymes

Threesamples were taken from the soils around Univelgdlaysia Pahang
(UMP). The test soil was fine sand collected frdme tepth of 30 cm from the
ground surface. The sample soil is being dried leeyt from contamination for 48
hours at 33°C.
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3.3 Preparation of Cultivation Medium

3.3.1 Preparation of Agar Medium

A total of 0.2% (w/v) of nutrient agar was usedh Amount of 28g agar
powder was weigh and dissolved into 1000ml of plirea water and being heated on
the heating plate. The schott bottle contained asgdution was covered with
aluminium foil and prior to sterilization. Steriidon was carried out at 121°C for 20
minutes. After sterilization was completed the lesttvas removed and it is allowed
to cool enough so that the agar will begin to stidAfter that, the agar was poured
into Petri dishes until the agar just covered thattdm of the Petri dish
(approximately 20 ml). The Petri dish cover waspthon the Petri dish immediately
and the agar was allowed to solidify (fully gel)itéx the plate of agar has solidified
the plate is turned upside down and being leaved8dours at room temperature to

dry.

3.3.2 Preparation of Selective Agar

The selective agar comprises of lignin as the mamponent and minerals to
support the growth of the lignin degrader microoigm. The selective agar medium
consisted of 0.80 g/l lignin, 2g/l potassium nigratKNO;), 1 g/l dipotassium
hydrogen phosphate §KPQy), 0.5 g/l magnesium sulphate (Mgg9QO3 g/l calsium
carbonate (CaCg), 0.01 g/l ferum sulphate (Fe®Cand 20 g of agar powder. The
schott bottle was covered with aluminium foil amibpto sterilization. Sterilization
was carried out at 121°C for 20 minutes. AfteriBzation was completed the bottles
was removed and it was allowed to cool enough st tihe agar will begin to
solidify. After that, the agar was poured into Pdishes until the agar just covered
the bottom of the Petri dish (approximately 20 rifthe Petri dish cover was placed
on the Petri dish immediately and the agar wasnaitbto solidify (fully gel). After
the plate of agar had solidified, the plate wag ked°C before further use.
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3.3.3 Preparation of Seed Culture Medium

In preparation of seed culture medium, the maimmanents are lignin and
minerals to support the growth of the lignin de@rachicrobes. The medium consists
of 0.80 g/l lignin, 2g/l potassium nitrate (KN 1 g/l dipotassium hydrogen
phosphate (KHPQy), 0.5 g/l magnesium sulphate (Mg8(O3 g/l calsium carbonate
(CaCQ), and 0.01 g/l ferum sulphate (FegO

3.4 Preparation of Inoculum

A loopful of microbe from the agar medium was #fenred into the 250 ml
shake flask containing 30 ml of seed culture meditlire culture was incubated at
33°C for 36 hours, at 200 rpm to obtain the biomeslt The bacterial cell was
centrifuge at 5000 rpm, for 5 minutes. The cellgialwere washed twice with 0.85%
(w/v) NaCl, and dissolved again in same solutidme Tmixture was homogenized and
the optical density was read at 575 nm using spewter until it reaches 0.5. After
that, 5ml of the solution is then added to 25 méedéd culture in 250 ml shake flask
and agin being incubated at 33°C for 36 hourspatrpm.

3.5 Preparation of Crude Enzyme

5 ml of pellet dissolved in NaCl with OD of 0.5aslded with 25 ml of seed
culture medium in 250 ml shake flask. The culturasvincubated for 24 hours at
33°C, and 200 rpm. The sample was centrifuged @ 50m for 5 minutes. The clear
supernatant was used as crude enzyme. This crug@gnenwas used for the
characterization of enzyme which is the effect Hf gnd the effect of temperature

towards the efficiency of the enzyme.
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3.6 Screening

3.6.1 Sample Dilution and Primary Screening

1 gram of soil sample was weighed out and beiagqa in tube 1 containing
of 9 ml of saline solution. The suspension was theimg thoroughly vortexes for
about 1 minute. A 10-fold serial dilution of thellssas made by transferring 1 ml of
solution from each tube to a new tube to achiefi@a dilution of 1: 1000 000 in
tube 6. From each tube, 1 ml of suspension wadtpip@&d poured into agar plate
prepared in the early stage. An alcohol-flamedkbgcstick was used to spread the
suspension poured in the Petri dish. The plateg Wen incubated at 30°C for 5-7
days.

3.6.2 Second and Third Screening

From the first screened plate, five colonies besedpcted and each was
streaked for isolation onto selective agar platee plates were then being incubated
at 30°C for 5-7 days. The colony was transferredklyefor 10 times to ensure that
the culture was pure enough for morphology and iplygical test. Figure below
shows the streaking method. For the streaking ndetiine loop was flame sterilized
and then a loopful of colony was removed from ruriagar plate. The streak was
made over a sterile agar plate to spread out thansm. By following the initial

streak, subsequent streak was made at angles to it.

First Streak Second Streak Third Streak

O O

Figure 3.1: Streaking plate method
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3.7 Preservation of Microbes

A 10% (w/v) solution of glycerol is prepared andhRof it is dispensed into 4
ml capacity Wheaton borosilicate glass vials fitteith rubber lined caps. The vials
were autoclaved twice for 45 minutes each. Transfees were autoclaved for 25
minutes. Several plugs were cut and depositedeatt of the vials, which were then

frozen and stored at -85°C.

3.8 Characterization of Microorganisms

3.8.1 Morphological Test

3.8.1.1 Simple Staining

The slide was cleaned using suitable cleaning ma&tdihe slide was gently
dried with a lint free cloth. A very small drop distilled water was placed on the
surface of the slide. Then, aseptically, a smalbam of the culture was removed
from the agar surface and just touches it sevenalstto the drop of water until it just
turns cloudy. The remaining bacteria were burntobfthe loop. By using a loop, the
suspension was spread over the entire slide to &thin film. This thin suspension
was allowed to completely air dry. The slide wassea through the flame of the
Bunsen burner for 3 or 4 times to heat-fix. Afteat; the smear was then covered
with methylene blue. The dye remain on the smear allawed for approximately 1
minute. The excess stain was washed off of the slging bibulous paper. The slide
was picked up by one end and being hold at an anglethe staining tray. By using
the distilled water wash bottle, the excess metigy/llelue from the slide was gently
washed by directing a gentle stream of water dversurface of the slide. Any stain
that got on the bottom of the slide was washedasffwell. The excess stain was
blotted off using bibulous paper. Be sure thatshge was not being rubbed rather
the slide was placed between two sheets of bibupaper and was pressed down
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gently. The slide was then examined under the trath microscope. The shape,

arrangement and approximate size of the microosgasivere recorded.

3.8.1.2 Gram Staining

The smear was prepared. The slide was heated fewaseconds until it
becomes hot to the touch so that bacteria wereyfimounted to the slide. The
primary stain which was crystal violet (2g of 90%ystal violet dissolved in 20 ml of
95% ethyl alcohol) was added and incubated for Autei The Gram iodine (1 g of
iodine, 2 g of potassium iodide, dissolved in 3d0fdistilled water) was added for
1 minute. Then it was washed with ethanol and aegtthe decolorizer (50% ethyl
alcohol, 50% acetone). The Gram-positive bactegeewetained as the primary stain
while the Gram-negative bacteria were lost the pnnstain and appeared colorless.
The secondary stain which was safranin was addddvais incubated for 1 minute
and then being washed with water for a maximum o$egsonds. The shape,

arrangement and approximate size of the microosgasivere recorded.

3.8.1.3 Spore Staining

A boiling water bath was prepared. A bacterial amand heat fix was
prepared. The slide was placed on the staining eaek the boiling water. The slide
was flooded with Malachite green and was then bategmed for 3 minutes by
adding the additional stain as needed to prevemhglr The slide was removed and
was allowed to cool. The excess stain was remoyeddshing it with water. The
slide was then flooded with safranin for 2 minudesl then was washed with water.
The slide was blotted dry with bibulous paper. Téleape, arrangement and

approximate size of microorganisms were recorded.
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3.9 Characterization of enzymes

3.9.1 Effect of pH

Crude enzyme was harvested through the enzyme asdayas tested for the
effect of the pH. A range of pH, 6 to 9 was usedest the stability of enzyme.
Buffer solution was prepared by usingHPO, and KHPO,. 0.2 ml crude enzymes
were added to 1.8 ml of substrate which containitigand buffer solution. Four
different pH was incubated at constant Temperafareabout 15 minutes. The
enzyme efficiency under this pH was tested by uBiNg method. Then, the enzyme

activity was calculated.

pmol of sugar

2.0 ml ® 15 min

Enzyme activity =

3.9.2 Effect of Temperature

The temperature range examined was, 40°C, 50°CZ,668°C and 70 °C.
Buffer solution of the optimum pH was added wittnin substrate which then was
added with 0.2 ml of crude enzyme. The solution wan incubated at those
different temperatures for about 15 minutes. Aftex incubation was done for 15
minutes for each temperature, the solution was #deled with 3 ml of DNS reagents
and was boiled for about 5 minutes. The opticalsdgrwas read at wavelength of
575 nm using spectrophotometer. The highest valugluzcose obtained represents

the best temperature of the enzyme. Then, the emagtivity was calculated.
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3.10 Analysis Procedure

3.10.1 DNS Method

In order to prepare dinitrosalicyclic acid (DNSagent, 100 ml of 5% (w/v)
of 3, 5- dinitrosalicyclic acid is mixed in 2 M sadh hydroxide (NaOH) with 250 ml
of 60% (w/v) sodium tartrate and made the totalxa up to 500 ml with distilled
water. 3ml of DNS was added to the solution whiohtained substrate and crude
enzyme that was incubated for 15 minutes in themlzath at set temperature. After
that, the solution was then being boiled for aldoatinutes before the optical density
of the solution was read at 575 nm wavelength usipgctrophotometer. In
preparation of the standard curve of glucose, fer@int concentration of glucose was
prepared which are, 20Q@/ml, 1500ug/ml, 1000ug/ml, 500ug/ml and 20Qug/ml.
2 ml of each concentration was placed into 5 diffiertest tubes. After that, 3ml of
DNS reagents was added to each of tube and wasdbimi about 5 minutes. The
optical density of the solution was then checked @@ absorbance of the solution

was determined.

3.10.2 Protein Assay

3.10.2.1 Lowry Protein Assay Method

Lowry reagents was prepared by mixing of one volueggent B (which
contains 0.5% cooper sulphate pentahydrate, 1%usodbtassium tartrate) with 50
volumes of reagent A (which contains 2% sodium casdbe, 0.4% NaOH). This was
assuming to be reagent 1. Then reagent 2 was Eddicalteu. Folin-Ciocalteu was
diluted with an equal volume of water. In ordergwantify the protein, 0.2 ml of
crude enzyme was placed into a test tube. After, thml of Lowry reagent was
added to the crude enzyme and was left for 10 ragfolin reagent was added to
the solution and was incubated for 30 minutes atréemperature. After incubation
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completed, the optical density of the solution waad at wavelength of 575 nm
using spectrophotometer and the determination otepr contents in the crude
enzyme accomplished. The results were then beicayded. For the preparation of
standard curve of the Lowry Protein assay, Bovieri® Albumin (BSA) was used.
A different concentration of BSA was prepared whack 2000ug/ml, 1500ug/ml,
1000 pg/ml, 500ug/ml and 20Qug/ml. 2 ml of each concentration was placed into 5
different test tubes. Each test tube was added witWwry reagent 1 and was
incubated for 10 minutes before it was added withnFreagent and was continued
to be incubated at room temperature for about 3Qutes. After incubation was
completed, the optical density of each solutioeach tube was read at wavelength

of 575 nm and the results were recorded.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 First Cultivation

After 4-5 days of incubation in 33°C environmertkg growth can be seen on
the surface of the nutrient agar. The plate offitts¢ dilution was fully covered with
the growth of microorganisms while there were nmrdhs on the surface of the agar
plate containing of fifth and sixth dilution. It eWws that there were no
microorganisms in the fifth and sixth dilution sdmg-igure below shows one of the
results obtained from the first cultivated media.

ry .

Figure 4.1: Agar medium was fully covered by the growth of raarganisms
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L =

Figure 4.2: The growth of microorganisms rom the dilution sample on the agar
medium

From the Figure 4.2 it shows that, for the foutilated sample, the growth of
the microorganism on the nutrient agar plate weartf seen.

4.2  Primary and Secondary Screening

For the first screening, five colonies from eachtlwere transferred onto the
new nutrient agar plate using streaking methods phocess was held in the laminar
flow in order to avoid the contamination. The tf@mged microorganisms were
incubated for 5-7 days in 33°C incubator. Figur@ delow show the first screening
of the microorganism from the first cultivated medi It shows that those
microorganisms started to growth in colonies. Tleremany colonies visible on the
surface of the nutrient agar plate Screening isicoously performed until the single
colony is formed on the nutrient agar.
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Figure 4.3: First screening onto the nutrient agar

Figure 4.4: The microorganisms start to form single colonytlomagar plate

4.3  Lignin Degrading Microbes

After the formation of single colony on the nuttieagar medium, those
colonies were transferred onto the selective agapgred. The selective agar
contained lignin in order to let only the ligningtader to grow and degrade lignin on
the selective agar. The first transferred microoiga was incubated for 14 days
before the first growth can bee seen on the sudhtiee selective agar. This was due
to the lignin degraders itself which takes a loinget for it to grow. After that, these
microorganisms that grown on the selective agaevikamsferred weekly onto new
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selective agar in order to keep the microorganisms condition that provides
sufficient nutrients for them to grow and also imler to get the pure strain of the
microorganisms found. Since the first time thosecrourganisms have been
transferred onto the selective agar, it has beanted that this microorganisms have
been going through the process for 7-8 times. Eiglbelow shows the
microorganisms obtained on the surface of the 8e&eagar plate.

Figure 4.5: Single colonies formed on the surface of the selea@gar

4.4  Characterization of Microorganisms

The single colony formed on the selective agar thas being tested with
morphological test in order to identify and chaesided the shapes, sizes,
classification on the genus of the microorganisnmgl arrangements of the
microorganisms obtained.
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4.4.1 Morphological Tests

4.4.1.1 Simple Staining

Before staining can be performed, bacterial smeas prepared first. The
purpose of the smear preparation is to place aropppte concentration of cells on
the slide and fixed them so that they do not wdslluring the subsequent staining
procedure. It is called simple staining becausehefuse of only one dye during
staining. As for this experiment, methylene blueswaed for simple staining. Simple
staining reacted with all microbes in an identi¢ashion. They are useful for
increasing the contrast of the bacterial cells fitbe background. Basic dye such as
methylene blue, crystal violet, safranin and b&sschin are positively charge which
therefore reacts with material that is negativdigrge. The surface of the bacteria at
neutral pH is negatively charge. Figure 4.5 sholws stained bacteria under
microscopic view with 100x magnification.

Figure 4.6: Simple Stained bacteria under microscopic view

The bacteria were dyed in blue color. The shapé¢hefbacteria is long,

narrow and same as tBacillus sp.It presents as unicells bacteria. Also present was
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microbes with the shape exactly the same shapeadst yhich budding or branching

hyphae form was seen.

4.4.1.2 Gram Staining

The theory of the gram staining was base on theved construction. Gram
positive and gram negative bacteria stain diffdyeldécause of the structure of their
cell walls. Gram positive bacteria and yeast sthimepurple while gram negative
bacteria and host cells stain pink. Figure 4.7 shthe result from the gram staining
method. From Figure 4.7 it was found that thereewmix populations in a colony
which consisted of gram positive bacteria and ye@ke bacteria with long and
narrow shape stained purple and the same colowr itk yeastBacillus sp.found
to be gram positive bacteria. However, many baxtsuch asBacillus sp.rapidly
become gram negative bacteria when entered thersiay phase of growth.
(Todar's online textbook of Bacteriology, retrievanl 18" April 2008

Figure 4.7: Gram stained bacteria under microscopic view
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4.4.1.3 Spore Staining

From Figure 4.8 it can be seen and identified thathis field there were
endospores forming bacteria and yeast. The yea#ileviinside the field had been
identified as a yield from sporulation process geinrough byBacillus sp.It was
found that, bacteria in this field were sporeforsndracteria. It strengthens the
observation that the bacteria foundicillus sp.Spores and some of tBaccilus sp
present in the picture were stained green whilevégetative cellBacillus sp which
not yet forming spores) were stained red. Cell mroorganisms that produced spore
known as sporeformers posses remarkable resistaraat, dryness, irradiation and
many chemical agents. Each cell can only producedemdospore. Usually, cells of
Bacillus sp. are the one which produced endospore. Endospasesiotl form
normally during the active growth and cell divisiobheir differentiations usually
begin when population of vegetative cells passdsobuhe exponential phase of
growth. This situation occurred because of theientrdepletion and in other to
continuously survive, they used to form endosp@aly one endospore can be

formed per vegetative cell.

Figure 4.8: Spore stained bacteria under microscopic view
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4.5 Characterization of Enzyme

4.5.1 The Effect of pH

The results obtained are shown in Table 4.1.

Table 4.1Enzyme activity at different pH

Glucose
Optical Density | Enzyme Activity, Concentration
pH (OD) U (umol/ml/min) (ng/ml)
6 1.102 405.00 1215
7 1.206 466.67 1400
8 0.998 366.67 1100
9 1.093 403.33 1210

From the data obtained in Table 4.1, the highestriance was found to be
1.209 which is obtained from buffer with pH 7. Thalue of absorbance shows the
amount of simple sugar formed in the solution. Tigher the absorbance, the higher
the sugar contents in the solution. Also it shauwet the higher the absorbance value
obtained, the higher the enzyme activity. Enzymestain in the solution have
degraded lignin and converted it into simple sug@twse absorbance is then was
used to indicate the glucose concentration in thetisn. The optimum pH is found
to be in range of pH 6 and pH 7 due to the enviremiad condition of the
microorganism’s original place. Also, accordingtte Brock, (2006) Biology of
Microorganisms, eleventh edition, bacteria from sgually growth in range of pH
5-8. The best pH obtained is then was continuedHe analysis of the effect of
temperature to enzyme activity. From the previduslys it was also found that the
optimum pH for soil’s bacteria was in range of #®.0. (Kristjansson, 1992)
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4.5.2 The effect of Temperature

The results obtained are shown in Table 4.2.

Table 4.2: Enzyme activity at difference temperatures

Enzyme Glucose
Temperature Optical Activity, U Concentration
pH (°C) Density (OD) | (umol/ml/min) (ng/ml)

33 1.102 405.00 1215

40 0.978 366.67 1100

6 50 1.478 518.33 1555
60 1.220 455.00 1365

65 1.200 446.67 1340

70 1.193 445.00 1335

33 1.206 448.33 1345

40 1.286 478.33 1435

7 50 1.570 588.33 1765
60 1.048 390.00 1170

65 1.010 376.67 1130

70 0.923 345.00 1035

From the results show in Table 4.2, it recovereat ¢t pH 6, the higher
absorbance obtained is at temperature of 50°C. S@e®with pH 7. At temperature
50°C, the enzyme activity is high and yet so mampke sugars formed as a result of
lignin degradation. Also, results were clearly pred in the Figure 4.9 and Figure
4.10 below. From the results obtained, it can backmed that, the optimum
temperature for the enzyme activity is 50°C. Itwhdhat, the bacteria found is a
thermophilic bacterium which can survive in rangketemperature of 40-85°C.
Prokaryotic organisms in general are able to grotemperatures higher than those
at which eukaryotes can grow. Their enzymes arehnmore stable to heat than
those of mesophiles. That is why they function roptly at this temperature.
Thermophiles typically have lipids rich in unsateh fatty acids, thus making the
membranes to remain stable and function at higlpéeatures. (Brock, 2006). From
the previous study it was found that the optimumgerature for lignin degrader was
at 45°C. (Ruijssenaags al.,2004).
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4.6 Protein Contents

Table 4.3 shows the result for protein contenterd@ned in the crude

enzyme.

Table 4.3: Protein contents

Protein

Optical Density Concentration
(OD) (ng/ml)
1.481 1590

From the result shown in the table 4.3, it was tbthrat protein concentration

in the crude enzyme was 15@@/ml with optical density was 1.481.



40

CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

51 Conclusion

Microorganisms from these samples were screentidsurgle colonies were
obtained. Colonies was tested with simple staingngm staining, and spore staining.
The shape that been found on the field was longremcbw shape which represent
Bacillus sp.bacteria. Also found on the field was yeast whadntified by the shape

of budding and branching hyphae form.

From gram staining method, it can be concluded tha lignin degrader
bacteria found on the field was a gram positivetdrée or more accurately the
bacteria found wa8acillus sp Bacillus sp.found was identified as gram positive
bacteria since it was a form of long and narrow #elstain retained purple. Those
spore forming bacteria was found in this field daehe long period of incubations
which encourage the bacteria to formed spore irerotd survive in the limited
nutrient environment and also was became the hehtdayness resistant bacteria.

Only microorganisms which produce spore will havese characteristics.

The optimum pH found based to the characterizatibrignin degrading
enzymes is pH 7. This is probable due to the contynswil bacteria growth in pH
neutral condition. The enzyme activity analyzedhie pH 7 was higher compare to

the others. While the temperature optimum for tigaih degrading enzymes was
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found maximum at temperature 50C for both pHs 6@id. Overall results showed
that maximum ligninase activity was observed at7/éhd 50C, which was at 588.3

umol/ml/min.

5.2 Recommendation

Several recommendations for further studies afellmsvs:

a) Study on screening the lignin degrader, the seleatan be divided into 3
types of selective agar which are 1) Peptone-gkteasd-agar medium to
screen bacteria, 2) Yeast extract agar selectivescteen fungi and 3)
Actinomycete Isolation Agar which will screen actinycetes.

b) Polymerase Chain Reaction (PCR) can be performeatder to recognize
and classify the species of the bacteria beingdoun

¢) In order to increase the production of enzyme bidieteria must be incubated

at the optimum pH and temperature.
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APPENDICES

Appendix Al
1. SAMPLE DILUTIONS
Preparation of saline solutions:

Apparatus

- 200 ml beaker

- Pipette

- Tips

- 18 test tubes

- Test tube racks

- Aluminium foil

- 500 ml Schott bottle
- Measuring cylinders

All the apparatus is sterilized at 121°C for 20 ntés
Chemicals/Solutions
- 0.85 g of NaCl

- 100 ml of ultrapure water

0.85 g of NaCl is dissolved in 100 ml of ultrapwater and well mixed.

46



a7

Appendix A2

Methods for Sample Dilution and Primary Screening

One gram of soil is addec
to tube 1, containing ¢ ml |4 2| 3 4 {5 6
of saline solution Ll

Soil in tube 118 thoroughly
Vortex mixed |

2. SCREENING METHOD
Preparation of Nutrient Agar

Apparatus
- 1000 ml schott bottle
- Aluminum foil
- Heating plate
- Magnetic stirrer bar
- Spatula
- Analytical balance
- Weighing boat

Chemicals
- 28 gram nutrient agar powder
- 1000ml ultrapure water

28 gram of nutrient agar powder is dissolved in@@0ml of ultrapure water
while heating. The nutrient agar is well stirgett then is sterilized at 121°C for
20 minutes.
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Appendix A3

Preparation of Selective Agar Medium

Apparatus
- 1000 ml schott bottle
- Aluminum foil
- Heating plate
- Magnetic stirrer bar
- Spatula
- Analytical balance
- Weighing boat

Chemicals
- 0.80 g/l lignin,
- 29/l Potassium nitrate (KN{D
- 1 g/l Dipotassium Hydrogen PhosphateHIR(O,),
- 0.5 g/l Magnesium Sulphate (Mg20Q
- 3 g/l Calsium Carbonate (CagQ
- 0.01 g/l Ferum Sulphate (Feg@nd
- 20 g of agar powder
- 1000 ml ultrapure water

1000 ml of ultrapure water is heated on the hegilate. While heating, the solution
is stirred well using magnetic stirrer bar andolthe measured chemicals is added
ang let it dissolved in the heated ultrapure waéter that, the selective agar
medium is sterilized at 121°C for 20 minutes.

3. STREAKING METHOD

First Streak Second Streak Third Streak

Colonies is transferred from one agar medium tdlardoy streaking method
showed in the picture above.
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Appendix A4

4. MORPHOLOGY TESTS

Simple Staining Method

1)
2)
3)
4)
5)

6)
7)

Slide is cleaned using lint cloth & gently dried

Small drop of distilled water is placed on the aoef of the slide

Small amount of the culture is removed and touchedirop of water
Suspension is spread over the entire slide to tarmfilm

Smear is then covered with methylene blue and ykeagllet to remain for 1
minute

Excess stained is washed off using filter paper

Slide is then examined under brightfiled microscope

Gram Staining Method

1)
2)
3)
4)
5)

6)

Smear is prepared

Crystal violet is added & incubated for 1 minute

Gram iodine is added for 1 minute

It is the washed with ethanol-acetone

Secondary stain, safranin is added & incubated fminute and then being
washed with water for a max of 5 seconds

Slide is then examined under brightfield microscope

Crystal Gram's
violet iodine

algohol

Four reagents that is used for gram staining
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Appendix A5

Spore Staining Method

1) boiling water bath is prepared

2) bacterial smear is prepared

3) the slide is flooded with Malachite green and stedrfior 3 minutes
4) excess stain is washed using water

5) slide is examined under brightfield microscope
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Appendix A6

5. CHARACTERIZATION O ENZYMES

Preparation of Seed Culture Medium
Apparatus
- 1000 ml schott bottle
- Aluminum foil
- Heating plate
- Magnetic stirrer bar
- Spatula
- Analytical balance
- Weighing boat

Chemicals
- 0.80 g/l lignin,
- 29/l Potassium nitrate (KN{D
- 1 g/l Dipotassium Hydrogen PhosphateHIR(O,),
- 0.5 g/l Magnesium Sulphate (Mg20Q
- 3 g/l Calsium Carbonate (CagQ
- 0.01 g/l Ferum Sulphate (Feg@nd
- 1000 ml ultrapure water

1000 ml of ultrapure water is heated on the hegilage. While heating, the solution
is stirred well using magnetic stirrer bar andolthe measured chemicals is added
ang let it dissolved in the heated ultrapure wa#er that, the selective agar
medium is sterilized at 121°C for 20 minutes.

Preparation of inoculums
1) A loopful of microbe from agar medium is transferrato 250 ml shake flask
containing 30 ml of seed culture medium.
2) Culture was incubated for 36 hours at 33°C andrp@®to obtain biomass
cell

Preparation of crude enzymes
1) 10 % of inoculum is transferred into 250 ml shdksk
2) The culture is incubated for 24 hrs at 33°C and 1200
3) Sample is then centrifuge at 5000rpm for 5 minutes
4) The clear supernatant is used as the crude enzyme



52

Appendix A7

6. ENZYME ANALYSIS

Phosphate buffer

pH Volume of 0.1M K;HPO,4 Volume of 0.1M
(ml) KH ,PO,
(ml)
6.0 13.2 86.8
7.0 61.5 38.5

Dilute the combined stock solution into 500 ml dadtiled water.

Tris Buffer
pH Volume of 2M HCI Volume of Tris
(ml) Solution
(ml)
8.0 3.2 19.6
9.0 2 37

Dilute the combined stock solution into 500 ml adtiled water

DNS Method
1) 0.2 ml of crude enzyme is incubated with substi@td5 minutes at 33°C

(substrate contained of 0.5 % (w/v) alkaline ligh&ing dissolved into 1.8 ml
of 0.05 M phosphate buffer with pH 7)

2) After that 3 ml of DNS reagent is added

3) The solution is being boiled for about 5 minutes

4) The optical density is checked using spectrophotera wavelength of 575
nm.



Appendix A8

Lowry Protein Method

Stock solution

Lowry A: 0.5% cooper sulphate pentahydrate, 1%soddotassium tartrate
Lowry B: 2% sodium carbonate, 0.4% NaOH
Folin Ciocalteu: diluted with an equal volume oftera

1) 2ml sample per tube (sample+buffer=2ml)

2) 1.0ml of lowry stock solution is added to each tube

3) Solutions is then incubated at room temperaturd®min

4) 0.1 ml of Folin’s reagent is added to each tube

5) The solution is the incubated at room temperatoir&® min

6) Read in spectrophotometer at 575 nm
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Appendix B1
Standard Curve of DNS Method
The standard curve for glucose was being calibragdg the DNS method

with different concentration of glucose. The caliiimg data was being collected and

the data are as the following:

Table B1: Results of absorbance based on glucose concentrati

Glucose Optical
Concentration (ug/ml) | Density (OD)

0 0.000

200 0.185

500 0.475

1000 0.839

1500 1.372

2000 1.802

The data collected is plotted into a graph, absarbaversus glucose
concentration, where further analysis, the absawams checked and the
concentration of glucose inside the sample caneberahined. The plotted graph is as

the following:
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Appendix B2
Standard Curve of Lowry Method
Standard curve for Lowry method has been made dststof protein

concentration inside a solution. The concentradiod absorbance was recorded in

order to plot the curve. The following was the datflected to calibrate the curve:

Table B2: Results of absorbance based on protein concentrati

BSA Concentrationqy  Optical
(ng/ml) Density (OD)
0 0

200 0.336

500 0.688

1000 1.079

1500 1.489

2000 1.659

The data collected is plotted into a graph, abswéarersus concentration,
where further analysis, we will only check on thes@bance and we will know the

concentration of protein inside the sample. Theétgtbgraph is as the following:
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