CHAPTER 3

MATERIAL AND METHODS *
3.1 Samples Collection z l

Soil samples were collected at the dept &cm at ‘the srwq‘t%}rrlverme

mangrove at Sungai Lukut, Negeri Sembilan, Mal (cogrdinate’2° 35Q~25 2342” N,

101° 48” 9.831” E) on 20th February 2020 urin he‘l‘ﬁ ide at t}%&;mphng points.
Soil 1 and soil 2 were collected in the d o 5m x her |zophora mucronata

and Avicennia officinalis trees are po ed tga? |Ie, soil 3 was collected
at riverbank which is near Nypa S ands0im nce from soil 1 and soil 2.

tre
&
d in an ice box, then stored at -

The samples were placed in Ico[
20°C for a month before nsferr to gJC |I ready for analysis.
ST &
& N
\ e
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3.2 Isolatlo D A fragm icrebiome for Metagenomics Analysis
p % TS

Dm as extracted from 1 soil samples by using the QIAGEN Power Soil Pro

ethod of DNA extractlon was followed as in manufacturer’s guidelines.

3 ently, the extracted DNA was checked for their purity and quality using
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NanoDrop (BioDrop) by loading the sample volume of 0.5puL into the microvolume
sample port. Then, the results of the DNA purity and quality were recor@t, the
extracted DNA was separated on 1.0% (w/v) agarose gel for visualisai@performed
using the Biorad Universal Hood Il Gel Doc System located at Igstitute of Fatwa and
Halal (IFFAH), USIM. The high quality of DNA was sent n&; for Chemical

Biology (CCB) Universiti Sains Malaysia (USM) for meta nc%?analysis.

3.2.1 Genome Sequencing and Assembly

The tight and highly reproducible EW i ibutiﬁé\vvas provided by

&

Covaris Sonicator using the mechanicam i Metagenome was assembled

based on clean data from IIIuminEeq;Dnc&

quantified by using adapter addim

In bioinformatics analya' ; sampébﬂzﬂ.@ality control were assembled initially
using an optimized@Hl@rol. "Kl{e;%Scaffolds were cut off at “N” to get

N
O
fragments witho@cjd%%'(&f@de et al., 2012: Nielsen et al., 2014), which is
a continuo s%ence‘. thi;:s aft@. Clean data of all samples were mapped to
% Y-

using Soap 2. nd unutilized paired-end (PE) reads were collected
B¢

with E\v\g g parameters are —u, -2, -m 200. Next, mixed assembly was conducted on the

& reads with the same assemble parameter. The scaftigs of each sample and mixed

h‘&ary was constructed and

assembl

a bled, which were less than 500 bp, were trimmed (Mende et al., 2012; Nielsen et al.,



2014; Qin et al., 2010). Here, effective scaftigs were used for gene prediction and

abundance analysis.

3.2.2 Gene Prediction and Abundance Analysis \,z
In gene prediction and abundance analysis, scaftigs cp) ,vere used for Open

Reading Frame (ORF) prediction by MetaGeneMark ( ee a:\gfd)’us‘ﬁq single

and mixed samples. The ORFs less than 100 nt (N@al 2012; e’t ati?OlO) were

trimmed. The ORFs were dereplicated by Cluste asev& dent (CD HIT) (Li

and Godzik, 2006; Fu et al., 2012) with paij —C 0!3)5, 0, -a@ -gland-dOto

&
generate gene catalogues. The gene cata es contai

e n(Qedundant continuous

\ Y

gene encoding the nucleic acid seq II% ereplicating by default was used
‘% -

as an identity with 95%, while the.c rage(V%Q}A) Heére; the longest gene was chosen

as the representative gene nm Cle’n d e@pped to the gene catalogue using

SoapAligner to calcul te the qualit f’t até'. parameters —m 200, -x 400, identity

|

> 95%. Lastly, the abu calc\ ed on the total number of mapped reads
and gene length. ﬁh})mj‘ ? r'nufa‘)/vas as shown in Equation 1 (Karlsson et al.,
2012; Cotill &I’ 204 bl_jl tej,@et al., 2013; Oh et al., 2014; Zeller et al., 2014).
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G Ry 1 e (Equation 1)

R = Number of mapping reads

L = The length of gene

Where: G = Gene abundance s )

3.2.3 Taxonomy and Function Annotation .\d, X

N
LS
Metagenomic reads were compared with the ase of taxo micatty informative

\ N
. fun@ of the coding

gene families to annotate each metageno%mﬂ
sequence was inferred based on its si@to seq iné&databases from the
Kyoto Encyclopedia of Genes and@somes.’_m;‘@ @supervised Orthologous
Groups (eggNOG) and Carbohyr%tive% @e (CAZy). The clustering

D
analysis shown in the heatmap.fi w rrie ou@d on the taxonomic abundance
ble. Multi

table and function abun%
analysis of metabo@waysl w\perforQ&‘{ to explore species composition and
di

&
functional compo N renc e @I 1, soil 2 and soil 3.
<£'.’ 5
& o d
\ &

sz!ue\a'atistical analysis and comparative



3.3 Screening of Nitrogen-Fixing Bactera, Potassium Solubilizing Bacteria and

Phosphate Solubilizing Bacteria \i

1 g of soil samples were individually suspended in 10 mL ofﬂk%) of NaCl for
inoculation into Jensen’s agar (HiMedia Laboratories), Pikovskawyagar (HiMedia
Laboratories) and Aleksandrow agar (HiMedia Laboratories). M agar, Pikovskaya's

X

agar and Aleksandrow agar were used to screen and c 'tro';en-fixing bacteria,

phosphate solubilizing bacteria and potassium solubili bagterl gctively The
Jensen’s medium was aerobically incubated at 27 hou a th&%’for 7 days
for both Aleksandrow agar and Plkovskaya s re g the‘sml suspension
(Bhavi et al., 2020; Bhullar et al., 2022, C t ,28'22)

?q

3.4 ldentification of Cultu teria E gﬁmon Using 16s Rrna Gene
\

Sequence Analysis ' l %
‘—) ROAS

Bacterial cultur re@ rolife g the single colony from Jensen’s agar,
&
Pikovskaya's aga A e gar CI.)@ nutrient broth under 28 °C with 200 rpm
’

shaking for 4 to 0 talyth op@ density at 600 nm (Bae et al., 2013). DNA

9

efe e cted with PROMEGA Wizard® Genomic DNA

from the 5 I cultur
Purifi it. The DNA purltmtegrlty and quantity were determined using Nanodrop

>



After that, the samples were amplified by Polymerase Chain Rearction (PCR)
(BIORAD T100™ Thermal Cycler) using primer set of universal primer; ZWAGA
GTT TGA TCC TGG CTC AG-3’, 1492R GGT TAC CTT GTT AC(&O-T) (Zhou
et al., 2009). The components for PCR reaction were 12.5uL of Go, Tag® Green Master
Mix 2X, 0.5uL of forward primer, 0.5pL of reverse primer, 5 [of?l\TA template and
6.5uL of nuclease-free water. Amplification was carrie ouWw‘a Mastercycler nexus
PCR cycler, programme to perform an initial denaturati 94°C w 30 cycles of

@
denaturation for 1 min at 94 °C, annealing for 1 min @t,60 °C, and ex sion&iﬁ min at
g v A

72°C; and the final extension at 72 °C for 10 min wed by ‘coaling to;z4v °C until the
Y/

Foten vi%agged with a UV
% 6&)56 gel and staining

@NA sequencing at Next

sample is recovered (Fatima et al., 2011).%' 0

transilluminator after resolving 5 pl of: %ﬂucts in

with GelRed. Lastly, purified PCR p@sts wa%jq
Gene Scientific Sdn Bhd. Raw%wces ere Iy(sgé:}oased on NCBI sequence
database (MT367790, MN5 S’M Zﬁjl\:é 566, KY908503, KY908479,
MN177200, ON738242,$4, sﬁgfl,‘;/@lﬂ%?, KM100367, MN793064,

MN213372, OP597695, 893 n, M X software was used to perform the
{ § &
seqguence using C TAL W ah Maximum Likelihood technique based on
q g CLUSTAL W/ c.@ q

the Tamura-N@ Wa¥ap ie @ the evolutionary history (Tamura et al., 2011).
40 LA
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3.5 Development of Biofertilizer by Using Bio-Inoculate and Multipurpose

Compose G}Yv

Multipurpose compost was used as a carrier material for tt%/elopment of
biofertilizer. Multipurpose compost was packed in autoclave polytheng covers and sealed

using an electric sealer (3 g in 5 mL of water). The package qu sterilized at 121°C for 20

l
4. .

. . . . i | N .
Nine bacterial isolates were cultured in nut bréth and inguba d.:aif’ZSOC with

Y—-

d
sitys(OD)rat 600 hm equals to 0.3

minutes.

44

200 rpm shaking for 48 hours to obtain the opti

4

(Dicko et al., 2018). Bacterial cultures were t entrifuged.at 11(( xg at 4 °C for 15

15

minutes and resuspended in sterilized nu t b&h.T prgi@ was repeated twice.

t%rx a@e pellet was freeze dried

After that, the pellet was separated“from_the ’;s

4)

]
for 2 days using a freeze dr -18 fr dryer). Then, pre-sterilized
: : . N :
multipurpose compost wege inogulated with bact rksv@] a ratio of bacteria pellet to pre-
poaJ

f 1:5( orﬁ@mded by Stella et al. (2019).
| <
7 ¢

O
The mixtu&} manuall baLehy hands until the microbial inoculum was
O
se

uniformly % in - multip }) ~@most. Microbial inoculum and pre-sterilized
multipugc mpost were pa@; the polythene bag and was immediately sealed.

Th@a containing pre-sterilized commercial compost without bacterial inoculation
Q as a control. The packages were placed at 30°C for 7 days. After 7"" day interval,
b

rtilizer pellets were tested for microbial survivability by determining viable cell

1z
)

sterilized commercial com

o}

counts and physicochemical analysis (Pathirana and Yapa, 2020).
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3.6 Microbial Survivability Test

One gram of each sample was mixed with 9 mL of sterile distilled waters :atio 1:9
and was allowed to mix thoroughly in a shaker for 1-2 hours. The susp&'@n was serially
diluted before dispensed into the agar plate and was incubated at 35 r 24 hours. The

number of bacterial growth on the plate was calculated using Eqm 2.

. . CFU\ _ Number of colonies i utior‘ ac .
Population density (mL) = P a——— um§e e : ...-Eq\g(a.tlon 2
.é\ e
4 b3

\ Y
¥
3.7 N, P and K Determination in Mangﬁ}je&l nd| Biefertilize

Mangrove soil and biofertilizer%e analy Kni @; phosphorus, potassium
N

after 7 days. Three samples of ri%e soﬂ (soi14 2 @%ﬁ) with triplicate and three
samples of biofertilizers and \tro ithout bi@lizer) with triplicate were used

[
for this analysis. Nitroge easured usi ﬁ@l method. 1 g of soil samples were
mixed with 10 mL o&ﬁp@uric@\m). n, one Kjedahl tablet was added to the
&
sample solution. the mp u[io%@ digested them using Gerhardt Kjedahltem
’

for 2 hours inutes a eﬁﬂles were distilled and titrated using Gerhardt
& ot

VAPOD around mﬁtes per sample.

S &

nwhile, potassium and phosphorus were analyzed using X-ray Fluorescence
@(Nazmin et al., 2019). In XRF determination (Bruker AXS, S8 Tiger, Karlsruhe,

Germany), three soil samples and three set of formulated bio-fertilizers with control were



dried, homogenized and sieved at smaller particles sizes. Plastic cups that lined with 3.6

m thick Mylar polymer was used to hold samples and placed inside the XRF{%ser 790

of soil samples were put into the plastic cups and covered with M I n film. In
operation conditions, the X-ray tube had a power of 15 W with enerator The
spot size on the sample was typically 10 x 14 mm. The detecto igh resolution of
135eV.

- | S
3.8 Duckweed (Lemna Minor) Growth Experi g
P 4

Duckweed L. minor growth experimen waandu\c \eval é&.he efficiency of
formulated biofertilizers. Ten fronds of @ plants ten&d using 70% ethanol,

bleach and sterilized distilled water e trans tqc r with width: 122mm x

depth: 173mm x Height: 62m s 200 ‘mL ag\?vater and 25 g of control

medium and three set of for b rs ( , Set B and Set C). In this

experiment, duckweed wn a}‘a enhouse with temperature range

between 26°C to 30° W&numper uck fronds were recorded every 2 days in
’w

15 days. \ ' O

(f) 2.9
Q- &
% ’ b 4 Yg\

3.9 @lcatlon of Protem*&ntent in Duckweed Fronds

Qresh L. minor was dried in the oven dryer (65°C for 24 hours) and ground into fine

powder. Dried duckweed was soaked in sterilized distilled water in the ratio of 1: 10 (1 g



of dried duckweed in 10 mL of distilled water) overnight to expand the cells before
physical enforcement is applied to break the cells. Then, the soaking matPKWwater
was microwaved at 100 W for 15 minutes by using home-based ave. The
microwaved duckweed was filtered to separate the solids and greenjuice. The protein in
green juice was quantified by using Bradford reagent and smeasured by using UV
spectrophotometer (Varian Cary 50 Conc. UV-VIS Sp ctrmmeter) The protein
quantification was followed the standard protocol o ford Protein
Assay. The standard protocol was performed usin mL Cuvette se,y fggﬁﬁts The

samples were first diluted in test tubes which foII d thege on ntratQﬁs (0, 0.125,

% L. daré&.dlluted sample

0
was pipetted into separate disposable \Q@ as fo in 6ble 3.1. The 1x dye

reagent was added to each cuvette. The qu me @ar @mple and 1x dye reagent

for ImL assay were as followed%Ie 3.1. Th ouvet@nth the mix of sample and

reagent along with the mix of: d aI er @ were incubated for 5 minutes.
tto %5ln

Lastly, the UV spectroph% was he absorbance of the standard and
@)

\
samples were meas
&“ 7S

Table 3. 1 e

0.250, 0.500, 0.750, 1.000, 1.500 and 2.0

Assay %%ime f‘ d aéﬁ’ Volume of 1x dye reagent
sa
X
1mL 20 puL S 1mL




The protein of the duckweed was calculated using Equation 3.

y =mx+c.... (Equation 3)

Where: y = absorbance at 595 nm. s )

X = protein concentration.

3.10 Statistical Analysis § z '
All collected data of the element analys uckweed rMﬂ Qiount of
N

IS,
_ _ | &
duckweed protein All collected data of the ele S analy‘/.sl d weeyufgrowth and
S

amount of duckweed protein were analysed using Ml M 0 \'(Minitab Ltd,
Coventry, UK) and analysis of variaR A
difference analysis was conducted using the Tukey?

us
were defined between the sample @ <0.05) 4 @
RN
\

S
1o,
)
e (/4/



