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oter 1: Introduction & Literature Review

st prevalent biomass on earth is cellulose, They make up the majority of plant cell walls
¢ most prevalent renewable bioresource produced in the biosphere (Jarvis, 2003). A

yolymer of d-glucose units connected by p-1,4 links makes up cellulose.

lose being the most abundant organic compound on earth, is an important structural

onent of the primary cell wall of green plants (Siddhanta et al., 2013).

riety of algae, particularly marine macroalgae and oomycetes also contain it. Since it has
amber of advantages over cellulose from land-based biomass, interest of cellulose from
roalgac has increased recently. Macroalgae have purer fractions that would be more
iate for biomedical applications than lignocellulose. Furthermore, the absence of lignin
les extraction of cellulose under softer conditions, resulting in less damaged portions of
nlose. Macroalgae are a quick growing, inexpensive source of biomass that may be farmed

10ut a lot of water or arable land.

ditionally, because macroalgae can be grown without the use of fertilisers, eutrophication
g the coast is avoided. It has been effective to extract cellulose from red, green and brown
croalgae. The gross amount of cellulose varies widely across different species, typically
ng between 1 and 15% (w/w). The maturity of the biomass has a significant impact on the
sonal variations in the cellulose concentration. The genus Ulva includes a group of
ulose-containing green macroalgae. It is amacroalgae from the Chlorophyta family of green
that is cultivated for commercial use. Ulva is widely distributed along the ocean's
stline and is a cheap and abundant source of biomass. Ulva's high productivity and steadfast
to thrive in a variety of worldwide growing environments make it particularly well

ted for sea-based biomass production (Dominguez & Loret, 2019).

& to its superior nutritional content and high concentrations of polysaccharides, proteins,
imins, and trace minerals, ulva is one of the most extensively consumed edible seaweeds in
world (Morelli, 2011). Ulva's cell walls are made of the polysaccharide ulvan, which acts

a structural component, and cellulose.(Wahlstrom et al., 2020).

;ppropriate procedures for the efficient treatment and use of wastes containing cellulose as
expensive carbon sources have thus been of great commercial interest (Shanmugapriya,

012). The dry weight of secondary sources of biomass, such as agricultural wastes, and 50%

9
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ted interest on a global scale. It has been found, that the most significant renewable

ce for bioconversion is celluloses, it has been found (Maki et al., 2009). It has become

ss (Patagundi et al., 2014). The challenge in this regard is to create procedures that are
ercially viable. Three different types of enzymes- cellobiohydrolase, endoglucanase or
xymethylcellulase (CMCase), and beta-glucosidases- must work in concert for the

pe to be completely hydrolysed.

 are still a lot of natural cellulosic sources, as well as a lot of cellulose containing raw
fals and waste products, that are not being used to their full potential or could be used
effectively. This is true despite the fact that these resources are used widely and
ively (Bhat, 2000).

lose is often destroyed by cellulase enzyme. Several microbes, primarily bacteria and
s, generate this enzyme (Patagundi et al., 2014). The possibility for using bacteria that
more quickly than fungus in the synthesis of cellulase is high. Cellulase production with
eria is not a common practice, though. Some bacterial taxa, including Cellulomonas,
ibrio, Pseudomonas sp. (Nakamura, 1982) Bacillus, and Micrococcus (Immanuel, 2006)
also been shown to possess cellulolytic properties. In microorganisms, the production of

mes is tightly regulated, but these constraints can be relaxed to increase productivity.

effective to obtain microbial cellulases using LCB feedstock as a substrate since they can
fy a lot of industrial demand. To scale up cellulase production, however, for better
trial use of the strain, more research is necessary. The study's next directions could include
g novel strains with the capacity to produce multiple enzymes and further refining pre-

ment techniques for the efficient use of lignocellulosic feedstocks.

mercial cellulase enzymes are derived from fungi, and adding supplemental enzymatic
ity to the fungi's enzymes can increase hydrolysis yield and, as a result, enable low-cost
rolysis (Ferreira et al., 2018),

ulase yields appear to be influenced by a complicated interaction between a number of
1ables, including the size of the inoculums, pH level, temperature, the presence of inducers,

additions, aeration, growth time, and other parameters (Immanuel, 2006). Due to the

10

R T e e ——

Scanned with CamScanner



, expense of their utilisation methods, huge amounts of agricultural, industrial and
nicipal cellulosic wastes have been building up or being utilised inefficiently. The
elopment of methods for the efficient treatment and utilisation of cellulosic wastes as cheap
on sources has thus been of substantial commercial interest. The enzyme cellulase breaks

1 the beta 1.4 glycosidic bonds in the polymer to release glucose molecules (Lee et al

aples of applications for this cellulose-degrading enzyme include the production of
ing powders, the extraction of fruit and vegetable juices, and the processing of starches
massola & Dillon, 2007). A significant number of bacteria produce cellulase. Either they
extracellular or they are cell-bound. Many microorganisms have the ability to break down
tlose, but only a few numbers of them can create enough free enzymes to completely
olyse crystalline cellulose (koomnok, 2006). Cellulases are used in a wide range of
pstries, including the pulp and paper sector for better drainage, the textile sector for
ening cotton and finishing denim, the textile detergent sector for cleaning and colour care,

ood sector for mashing, and even the pharmaceutical sector.

summary, the demand for more stable, highly active, and specialised enzymes will increase
ickly alongside the widespread usage of cellulose enzymes in many industrial applications.
erefore, the most intriguing technology of the future will be cellulose enzyme. The
hnoeconomic viability of various components of cellulose production (such as price,
gbstrate specificity, and specific activity) is another something that needs more research. The
esent work was carried out to extract cellulose from green seaweed and use it as a carbon

arce in fermentation process for the production of cellulase.

11
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and Objectives

ain focus of this study was to use seaweed cellulose as an alternative substrate for

jon of cellulase enzyme with the following objectives:

Collection and identification of seaweeds.

‘Extraction and charactetization of seaweed cellulose.

Isolation, purification and identification of cellulase producing bacteria.
‘Production of cellulase by bacteria using scaweed cellulose as substrate.

Purification of cellulase enzyme.
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_ Gaps in Research

. demand for more stable, highly active, and specialised enzymes will increase quickly
oside the widespread usage of cellulose enzymes in many industrial applications. Despite
‘massive and widespread usage of natural cellulosic sources, there are still vast amounts of
.‘ pped or underutilized cellulosic sources, cellulose containing raw materials. It has become
snomically advantageous to create a technology for efficiently hydrolysing cellulosic
mass. Therefore, the most intriguing technology of the future will be cellulase. The
‘hnoeconomic viability of various components of cellulose production (such as price,
strate specificity, and specific activity) is another something that needs more research. From
! hteralurc review it was visible that seaweed cellulose has not been utilised for the
sduction of high value product cellulase for the commercial applications. The present work
- carried out to extract cellulose from green seaweed and use it as a carbon source in

‘mentation process by bacteria for the production of cellulase.

13
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apter 2: Methods and Materials

Collection and identification of seaweeds
1.lCoIlcct1'on of seaweed

n seaweed was collected from Vagator beach (latitude - 15.600744° longitude - 73.733588
cated in North Goa region in Goa state on 23 September 2022.

1.2 Identification and characterization of scaweed

Morphological

criptions were used to make species identifications based on morphological characteristics,

jding attachment, blade shape and size, nature of the margin, cell shape and size in surface

Elemental analysis (CHNS%)

er being dried, the seaweed was ground into a fine powder with a mortar and pestle. This
e powder was utilised to determine the CHNS% present in seaweed. The VarioMicro

NS cube element analyser was used to analyse CHNS. Sulphanilamide was used as the
lytical standard for a sample of 2.86 mg.

Extraction and characterisation of seaweed cellulose

2.2.1 Extraction

To remove the sand, salts, and other impurities present, freshly gathered seaweed was
extensively rinsed with tap water and then washed with distilled water. After that, it was
bmerged in ethanol that was over 99% pure and shaken all night long. Two additional
times were spent doing this. Following that, it was centrifuged for 10 minutes at 5000 rpm.
ter discarding the supernatant, the pellet was suspended in 4% H202 and heated for 16
ours at 80°C. Centrifugation was carried out for 15 minutes at 5000 rpm after it had

armed to room temperature. The supernatant was once more discarded. The insoluble

14
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‘ ion was repeatedly washed with water until the pH of the washing water reached 7. The
sluble fraction was washed, then suspended in 5% v/v HCI, heated to 100 C, cooled to
Jom temperature, and then stored for 16 hours. The supernatant was discarded after 15
inutes of centrifuging again at 5000 rpm. With distilled water, the insoluble portion was
' ed until the pH of the water reached 7. Following that, it was gathered, freeze-dried,

\d ground into a fine powder using a mortar and pestle (Wahlstrom ct al., 2020).

2.2 Cellulose characterization
FTIR

stige 21 by Shimadzu was used to obtain FTIR spectra between 4000-350 cm™ with

< detector at room temperature for the dry powder of cellulose fraction obtained.

X-Ray Diffraction

btained cellulose dry powder was used to analyse the crystal structure and crystallinity
 of the cellulose samples at room temperature using Bruker D8 Advance XRD in the range

)= 10° - 40" with a scan rate of 3" min™. The crystallinity index (Crl %) was calculated

Crl% = (T200— Lum) / T200* 100

. is the intensity at the local minimum of the curve at 20 = 18° corresponding to the
{‘r- ous sections of the cellulose, and Izq0 is the intensity of the crystalline peak at

22° corresponding to the (200) plane (segal, 1959).

Element Analysis (CHNS %)

otained cellulose dry powder was characterized for the CHNS% CHNS was analysed as

oned above in section 2.1.2.(i).

15
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Isolation, purification and identification of bacterial isolates

31 Isolation
i sample collection, serial dilution, spread plating

der to isolate bacteria producing cellulase, garden soil sample was collected and from
g pilani Goa Campus and then it was serially diluted and dilutions of 10-*, 10, and 107

¢ spread plated on CMC agar plates. The plates were allowed to incubate at 37°C for 24

purification and Screening for cellulase activity

» bacterial colonies were picked up and streaked on nutrient agar to obtain isolated and

'7 colonies. The plates were submerged with an aqueous solution of 0.1% Congo red for
minutes before being washed with 1 M NaCl to observe the hydrolysis zone (Apun et
2000). On CMC (by SRL) agar, the diameter of the clear zone enclosing colonies was
asured to represent the organism’s cellulolytic activity. The colonies which show

<imum zones were selected. The cellulolytic activity of the chosen bacterial isolate in

sid media was also assessed using a more quantitative test method. By calculating the

sunt of reducing sugars released using the DNS approach, the cellulolytic activity of each
ure was determined. The bacterial isolate showing highest cellulolytic activity was chosen

produce cellulase.

2 Bacterial identification

Gram staining

Morphological evaluation and multiple biochemical characterizations were employed
to possibly classify the bacterial isolates. The parameters included Gram staining,
endospore formation etc. On the basis of Gam staining results the isolates were
compared with the Bergey’s manual (Wahlstrom et al., 2020) and were further

examined.

16
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Biochemical characterisation

Various biochemical test including catalase, endospore staining, strict anaerobe, citrate,

VP, methyl red and motility test were conducted.

olecular identification

¢ strain which shows maximum cellulase activity was further subjected to molecular
identification by analysing 168 rRNA sequence. The 27F & 1492R primers amplified
.a fragment of the 16S rDNA gene. Following PCR, the amplicon was resolved on an
agarose gel and filtered to remove impurities. Using forward primers and reverse
primers, a PCR amplicon was subjected to a forward and reverse DNA sequencing
experiment using Sanger sequencing. The consensus sequence of the 16S rDNA gene
was generated from forward and reverse sequence data using aligner software. The 165
rDNA partial sequence was used in BLAST searches in NCBI gene bank database. The
top 10 sequences were selected based on their highest identity score, and CLUSTAL W,
a multiple alignment programme was used to align them. Inferring the evolutionary
history from the neighbour joining model. A bootstrap consensus tree created from 1000
replications depicted the evolutionary history of the taxa under study.

Production of cellulase by bacteria using seaweed as substrate

.1 Production media

ction medium contained (g/100ml) 0.1g of NH4sH2PO4, 0.02g of KCI, 0.1g MgSO4.7H,0,
extract, 0.5g of cellulose extracted from green seaweed in a 100 mL conical flask. After
g, the flasks were inoculated with an overnight-grown bacterial culture after being
laved at 121°C for 15 minutes to sterilise them. For 24 hours, the inoculated medium was
ited at 37°C. The culture media was centrifuged at 5000 rpm for 15 minutes to extract

ade extract, which was used as an enzyme source, at the conclusion of the fermentation

17
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4.2 Enzyme assay for evaluating enzyme activity

ieck the cellulase activity miller method was used. In a nutshell, for 30 minutes at 37°C in
king water bath, a reaction mixture containing 0.2 mL of crude enzyme solution and 1.8
f 0.5% carboxymethyl cellulose (CMC) in 50mM sodium phosph
hated. The addition of 2 ml of DNS re

ate buffer (pH 7) was
agent stopped the process. For the development of
r, it was then held in a boiling water bath for 10 minutes. At 540 nm, the OD of the

ples was evaluated in comparison to a blank that contained all the reagents but no crude
ne. Standard of glucose with concentration of 0.2mg/ml was prepared and CMC was used
hstrate control and then their OD was taken at 540 nm using UV-1800 by Shimadzu UV

rophotometer (Miller, 1959). The enzyme activity was are as units per gram of medium

1) or pmol/min).

.3 Enzyme activity

init (U) of enzyme activity was defined as the amount of enzyme required to release
I of reducing sugar from the appropriate substrates per minute under assay conditions.
atic activities are expressed as units per gram of medium (U/ml) or (umol/min). For
ilculation of total enzyme activity, the first step is to calculate the molar absorption
cient using the absorbance obtained. Using the molar absorption coefficient, the

itration of the substrate used can be calculated. Finally using following eq., enzyme

y can be calculated.

enzyme activity = 1 pmole of substrate released / 1 min of reaction

-nzyme production using seaweed cellulose

containing 100 ml of production medium were inoculated by adding 2 ml of 24 hr
1 culture as an inoculum. The pH was adjusted to 7 and were studied for 24-72 hours.
=very 24 hours 35 ml of the fermented broth was taken from one flask at a time, in a
uge tube and was centrifuged at 5000 rpm for 15 mins to extract the crude enzyme. Using

ne total enzyme activity was calculated.

18
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| 5Protcin determination
4

_ concenlrations in crude sample were determined by using
ein

)m'lh bovine serum albumin (BSA) as a standard, hod ( Lowry et

; 1951

¢ par tial Purification of cellulase enzyme
4.6 77

b | Ammonium sulfate precipitation
pmximately 25 ml of the crude enzyme preparation was sa

_ turated to 80% i :
um sulfate from SRL with 99.5% chemical purity. The mij Pl

mon

_ . Xture was then centrifu
resulting pellet was dissolved in 10ml of PBS solution (Wi eed.

dthe ngfield, 2001).

ah milllitres of partly purified enzyme were dialysed against sodium phosphate buffer
H-74). The protein fraction that was collected following the ammoniym sulphate
recipitation was dialysed using the pre-treated dialysis bag (pore size-2.4 nm, dialysis
embrane 50 by himedia) at 4°C and thrice changes of buffer.

19
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Chapter 3: Results and discussion-

3.1- Seaweed collection, identification, characterisation and extraction of cellulose

3.1.1 Seaweed collection

Approximatcly 650 g of fresh green seaweed wag collected,

[« Pore—

Vagator, Goa, India
JPIM+6C3, Vagator, Goa
403518, India

Lat 15800744

Long 73733588

23/D9/22 03:15 PM GMT +05:30

(a) (b)

Fig 1. (a) & (b) Collection of seaweed sample from the rocky shores of Vagator beach.

3.1.2 Seaweed characterisation

(i Morphological characterisation

The species was determined to be Ulva sp. based on morphological characteristics, including

thallus colour, texture, nature of the margin, cell shape and size in surface.

20
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Table-1 Morphological characteristics of collected seaweed
Jble-

Thallus colour and texture Medum dark green. i
mrfacc view) polygonal
Cell size (um) ps
Dentate thallus margin No
Ry

(ii) Elemental analysis (CHNS%)

CHNS% (carbon, hydrogen, nitrogen, sulphur) analysis of powdered seaweed was done using
VarioMICRO cube. The results indicated that powdered seaweed fraction had following
elemental composition: N [%] = 3.53%, C [%)] = 32.88%, H [%] = 5.739% and S [%] -
3.377% (refer table 2).

Table 2- Table shows CHNS% present in seaweed.

Sno | Weight | Name | Method N[%] [C[%] |H[%] [S][%]
(mg)
1. 2.860 Cellulose | 2mgChem80s | 3.53 32.88 5.739 3.377
NEV

3.2 Extraction of cellulose

From starting 650 gm of fresh Ulva biomass, 15g of dry cellulose was extracted (fig.2). The
total dry weight of the Ulva biomass can be calculated as per literature (Carayo et al., 2008),

which came to be 622.72g. Therefore, the total yield of dry cellulose was 2.40% (w/w) on dry
weight basis.

21
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Fig.2- Extracted cellulose

22
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p‘,lt’"' umsmnc'.s have a significant impact on the chemical makeup of [ /va
irc

,t‘cmﬂly affects the chemical makeup of algac is the age of (he

at si
or the 20]9) The chemical composition of algae biomass wil| fiave

¥ 0
alg osition of the cellulose extracted. CHNS% (carbon, hydrogen, nitrogen,

! 'v1d 1
ad! he comP o\VdCICd cellulose was done using VarioMICRO cube. The results
ellulose fraction had following elemental composition: N (%] =

obtalﬂed c
H [%] = 5- 662% and S [%] = 0.155% (refer table 3). A little amount

ere present in the extracted cellulose could be due to presence of

nitrogc" of protem and ulvan (from seaweed) in the cellulose.

S% present in extracted cellulose.

(4
™M N[%] |C[%] |[H[% s
Weight | Name ethod [%] | CI%] | H[%] |S[%]

(mg)
S57100 | Cellulose | 2mgChem80s | 2.72 3923  [5662 |0.155
' NEV

L :

FTIR

ny of the distinctive peaks for polysaccharides may be seen in the FTIR spectra of the

lose fractions (refer graph 1). The FTIR spectrum shows all the standard absorption |
cally seen in cellulose polymer. The broad bands at 3500-3200 cm-1 and the bands in the
3000-2800 cm-1 correspond to the O-H stretching for the hydroxyl groups.
H-C-H scissor and tip vibrations are represented by the peaks at 1420 cm-1 and 1315 cm’
pectively. The symmetric stretching of C-O-C connections accounts for the abrupt peaks

€ range of 1020~1050 cm-1 (IR Spectrum Table, 2023). The glycosidic bond, which is

23
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. py the tiny peak at 895 em-1, is a clear s

ig;ll’l‘- ool the existence of polymeric
(ec0 gl fes like cellulose (Ververis ef al., 2004)
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hl: FTIR spectrum of cellulose fraction. Graph plotted for transmittance v/s wave
Grapt- number. .

3.2.3- X-Ray Diffraction

The cellulose fractions crystal structure and crystallinity index were calculated using XRD
(Park et al., 2010). In order to maintain the presence of crystalline regions, the extracted
cellulose produced three peaks at 2 = 16°, 22°, and 34° (refer graph 2) that correspond to the
crystal planes (110), (200), and (004), respectively (Sarko & Muggli, 1974) (French & Santiago
Cintrén, 2013). The crystallinity index (Crl%) was calculated from the XRD diffractogram
which came to be 56.7%. Hence was concluded that the extracted cellulose has crystalline
structure.

24
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3.3- Isolation and screening for cellulase producing bacteria

A variety of microbial enzymes must take part in the complex of cellulogic material
degradation. The ideal places to look for these bacteria are habitats that have (hese substrates
(Huang & Monk, 2004). The spore formers were found to be more active markers of the
enzyme when for testing for isolates with cellulolytic activity. Because soil is a rich source of
div;xsc group of cellulolytic microbes due to the decomposition of leaflets, litter, and other
plant wastes that contain significant levels of cellulosic matter, soil was chosen as a source for
getting ideal cellulose generating organisms. Furthermore, the selection of this product is
greatly influenced by its wide availability, simplicity of processing, and affordability. Four
isolates were obtained from the soil sam ple which showed cellulase activity after being flooded

by 1% congo red solution and maintained in pure culture in NA slants.

25
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4l colonies showing zone of clearance indicating cellulase activity after being

; Bactcri
Fig 3. flooded with 1% Congo red solution.

¢ [dentification of cellulase producing bacteria
3.

34.0- Biochemical Characterisation

On CMC agar, the isolate formed white colonies. All isolates were identified as a Gram-positive
pacterium out of those three were rod-shaped spores and one isolate was cocci and they
produced cellulase enzyme. One isolate which showed maximum zone of clearance after

plating on CMC and was further tentatively identified to be Bacilli species using biochemical

tests.
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340
 Jentifying bacteria and species, the 165-235 rRNA has been effective. Based on
or 1 .
F \cmical a0 alysis and 168 rRNA sequencing, the selected cellulolytic bacteria in the current
bioc

ivestigation have been tentatively identified. It is feasible to recognise and differentiate
between bacterial species that are closely related. A single genomic band was seen in 1%
agarose gel electrophoresis after genomic DNA from abl culture was extracted, as shown by
gel documentation. On an agarose gel, a single discrete 1500 bp PCR amplicon band was
isible. After running the nucleotide of the sequence obtained by 16S rRNA sequencing in

BLAST, it was concluded the tentative identity of the culture is Bacillus sp. showing maximum
percent identity of 92.06% with Bacillus siamensis strain DB071. It’s evolutionary relatedness

to other reported strains was clearly demonstrated by phylogenetic analyses that used the

neighbours joining method.
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Fig. 4- Figure showing agarose gel electrophoresis result of PCR product of abl culture
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8 3-Phylogenetic tree of the bacterial isolate, showing its relatedness with genus Bacillus

sp. with Escherichia coli as an outgroup
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3.6- Enzyme activity assay

Enzyme activity of cellulase produced when extracted cellulose Was given as substrate was
ecorded for 24-72 hours by extracting the crude enzyme from the fermentation broth. The
crude enzyme solution was utilized for determination of enzyme activity. Cellulase activity was
casured by the DNS method, from carboxy methyl cellulose (CMC), extracted cellulose
(refer graph 4) and using glucose as standard (refer graph 3). The enzyme activity of the crude
sample after 24 hours, 48 hours and 72 hours was found to be 0.01232pumole/min, 0.04125
umole/min and 0.02pmole/min (refer graph 6). That shows on further incubation the values

were found to decrease. Hence media optimisation may be carried out in future to optimise the

cellulase production.

The protein concentrations in crude sample after 24 hours, 48 hours and 72 hours were
determined with bovine serum albumin (BSA) as a standard which came to be 0.48mg/ml,
Img/ml and 0.6mg/ml. It means after 48 hours of incubation the protein concentration was
maximum and it was discovered that the enzyme activity had increased; however, with
additional incubation, the values had decreased (Huang & Monk, 2004). With CMC as the
substrate, the enzyme produced the maximum yield. This is thought to be because the isolated

microbe can absorb it casily because it is less complicated.
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5. protein purification
3.

- clphate prccipilation and dialysis were used to partially purify the extracellular
jum £

y the isolated Bacillus species  (Nakamura, 1982).  After

e gcncfﬂff?d b performing

las . iallv i

cello e salts present in the partially purified cellulase were removed. Purificd cellulase
. l-t B -

1515, .
gralys " ed at -20°C.

olsmincd and was stored at
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Appendix

{- CMC Agar media composition per 1000 ml
part-1
NHHPOs - 12
KCl-0.2¢g
MgS04+7H:0 - 1g

Yeast extract = Ig

Part—2
CMC (Carboxy Methyl Cellulose) — 5g

Agar powder —20g

2- Nutrient agar media composition per 1000 m]
NaCl-5g
Peptone — 5g
Yeast extract—3g

Agar powder—20g

3- Production media composition per 1000 ml
NH«H:PO: - 1g
KCl-0.2g
MgSO.7H0 - 1g
yeast extract — Ig

cellulose - Sg
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4- S0Mm Sodium Phosphate Buffer composition per 1000 ml
,\'a:lll’OtJlle- 1.7g

:\'all:l'ﬂ:.”z() -29g
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