CHAPTER 4
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RESULTS b
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4.1 Metagenomics Sequencing and Comparisons Amo ;gr've Soil 1,2 and 3
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Hence, this chapter comprises of: 1) Result of soil samples from mangrove swamps
in Sungai Lukut including amplicon analysis from mWGS, taxonomic diver% ructural
comparison and functional analysis of bacterial communities, metaboli g@thway and
number of elements in mangrove soil (soil 1, 2 and 3); 2) Bacteri %‘icaﬁon using
16s rRNA gene sequencing analysis including morphology, ph@tree of isolated
bacterial species after screened on three different agar, (JWS, Aleksandrow and
Pikovskaya’s agar).; 3) Total Plate Count (TPC) of soilginoculate \‘/ith jofertilizer; 4)
Nutrient analysis of biofertilizer Set A, B, C and centrol.; 5) Resu o" tl"uamckweed
growth after grown on medium containing bioferti Set Ay B, Cfand cé#rol; and 6)
Protein amount extracted from duckweed plant aftg;\ on QQ ium containing

biofertilizers Set A, B, C and control. T@/ compri reeéﬁjor objectives which

were to identify a wide range of mic@g specli Vun iormof genes from three soil

N,
samples collected at Sungai L egem Sembilan, @aysia using metagenomic

&
mWGS, identify selected ba%pel whigh g@ on selective media which are
bil

}d D&eria and phosphorus solubilizing
&

bacteria by using Pol se Cl”fii i @R) and sequencing on 16s rRNA gene
&
lecte

and determine t

2.9
growth rate retein cont al@js.Metagenomics sequencing and comparisons
among so':fwd 3 ’DZ

N
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nitrogen-fixing bacteria,




4.1.1 DNA Quality and Purity For mWGS

DNA purity and quality are crucial as it greatly impacts the succes N;nalysis.
Three samples, soil 1, 2 and 3 were analysed for their purity and qualilq-&e good quality

DNA will have an Azeo/Azg0 0f 1.7 — 2.0. The results of the DNA pmnd quality were
displayed in Table 4.1. . V

Table 4.1: DNA Purity and Quality of Three Soi pl ( 2 And 3)
Determined by Nanodrop. Y-
o | S el
Samples  Axo/Az0  AzeolA23o oncehtrationgng/u YOI (uL)
Soil 1 1.932 2.050 1 "
Soil 2 1.940 1.441 1 7
\@6
Soil 3 1.904 0.788 7 30
xi*
Note: Purity of 0D260/280 (Na M)h (})~
&
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repr 3, DNaél'adder Lanes M50 represents DNA

arker. Lanes 1, 2 an&%’represents in soil 1, 2 and 3 respectively.
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4.1.2 Amplicon Analysis by mWGS \q

A total of 3.4 Mbp of sequencing reads were obtained from the t amples of soil

1, soil 2 and soil 3, with an average length of 816.6 bases and the t ngth of is 2250

Mbp. The average lengths of soil 1, soil 2 and soil 3 are 7{7%647 bp and 926 bp
1, 12 291 bp for soil 2

respectively. A maximum number of scaftig is 14 907 bp
and 760 908 bp for soil 3. The sequencing data showed 1o GM;]L ;Iébe Venn

. . . O
diagram is shown in Figure 4.2, the number of cor ome for the els %&mples are

J

53 908, of which the number exclusive of the Wno fo 1 635-1 556 genes,
soil 2 is 580 197 genes, and soil 3 is 1 266 EMS é
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4.1.3 Taxonomic Diversity of The Bacterial Communities in Mangrove Soil 1, 2 and

3

Based on sequence analysis, at the Genus level, OTUs could b-%s#ied into 10

genera in soil 1, soil 2 and soil 3. Of them, the phyla Bradyrhizcw Nocardioides,
Methyloceanibacter, Pseudolabrys, Mycobacterium, MycoI|C|Eact m, Sphingomonas,

Streptomyces, Solirubrobacter, Hyphomicrobium and othe pretent in soil 1, soil 2

and soil 3. As shown in Figure 4.3, Bradyrhizobium was major p n, 50|I 3 which

is 17.10% while the rest of two soil samples: soil %) and soi (:‘ 3:{7@ followed
P 4

by soil 1: Pseudolabrys (2.75%), soil 2: u 11‘@3~and soil 3:

Nocardioides (3.78%) and soil 1: Mycolcwm (é’bl0 sml@Hyphomlcroblum

(0.56%), and Mycolicibacterium: soil 3 astl e terQost dominant species
were Bradyrhizobium sp. CCBAU Des e ac /\bacterlum Psseudolabrys
taiwanensis, Methylocenlbact\ perfac Soll cterales bacterium  70-9,
Deltaproterobacterium SP act I ‘%Iyxococcales bacterium, and

Mycolicibacterium morloken

\
S
&
N\
S
N
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4.1.4 Structural Comparison of Bacterial Communities in Mangrove Soil 1, 2 and 3

The thirty-five most abundant genera were used to draw a heat map gia (Figure
4.4). As shown in the heat map, six phyla were present at higher-%ortion of the
heatmap: Actinobacteria, Chloroflexi, Gemmatimonadetes, Nitrosrwe,- Proteobacteria
and Thaumarchaeota. Psedolabrys were comparatively highe; than*ether genera in soil 1
while the least are Tetasphaera and Phycicoccus. T owr, genera in phyla
Proteobacteria (Desulfofustis, Woeseia and Hypomicro ) W, rM.r‘atively more

o |

abundant in soil 2. In addition, the major abund 0 the 26 gemera m_\gcﬁl 3 were:

(Actinobacteria: Tetrasphaera, Phycicoccus, act m,OMicrolinatus, Frankia,

Mycolicibacterium, Solirubrobacter, Cﬂ) cter,WN rd|0|dé\ Actinomadura,

Marmoricola, Aeromicrobium, grom @d card@ Streptomyces and
Micromonospora), (Chlorofle Ko# ),? &) ospirae:  Nitrospira,);

(Proteobacteria:  Afipia, Ly r, izob |u Q- Bradyrhizobium, Devosia,
Steroidobacter  and monas’ \aurmarchaeota Candidatus
Nitrosocosmicus)). \ | \“bj:
SOs
Heatmap o rty+five n'abu nt species in the three soil samples were also
S

drawn (F|g e Ian

2 4 v

include . PSeudolabyrs talwanea_s‘:l;s' Pseudolabrys sp. Rootl62, Desulfobacterales

bact%’ G8 35 2, Desulfobacterales bacterium S5133MH16, and Myxococcales
m SG8_38. Moreover, two most abundant bacteria are found in soil 2 which are

Qia oceani and Proteobacteria bacterium. Two phyla, Actinobacteria and

Proteobacteria are most abundant in soil 3 which are Solirubrobacterales bacterium 70-
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9, Mycolicibacterium rhodesiae, Mycolocibacterium moriokaense, Solirubrobacter sp.
URHDO0082, Solirubrobacter soli, Sphingomonas sp. URHDO0007, Sphi o%nas sp.

URHDO0057, Frankia sp. 1s0899, Bradyrhizobium sp. CCBAU 43292 %rhizobium

manausense, and Bradyrhizobium liaoningense.
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4.1.5 Functional Analysis Of Bacterial Communities In Mangrove Soil 1, 2 and 3

Functional analysis of bacterial communities showed the most hﬂgt.genes
found in the soil of the rhizosphere of R. mucronata, A. officinalis, an %cans based
on the KEGG database (Figure 4.6). Three samples from the soil rhWere contain the
genes that function in carbon, methane, nitrogen, and sulp% ways, followed by

atrazine and dioxin degradation.
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4.15.1 Mechanism of Carbon Fixation Metabolism and The Genes and Bacteria

Involved \2
In the reductive citric acid cycle, a crucial metabolic pathway f on fixation in

prokaryotes, carbon dioxide is reduced and assimilated into orgamic compounds. In

mangrove soil samples of 1, 2, and 3, several key genes paEtm in this process as

shown in APPENDIX A. The cycle initiates with the en yru'/ate dehydrogenase

(PDH) complex, including MDH. Malate dehydrogenase H) Mﬁll%{ee soils,

N
and its presence suggests its involvement in the @n of gxa e’ate&'(? malate, a
. . d
critical step in the cycle. The fumarase genes (fmm wfum
encode enzymes responsible for the interctwn of fumarate and%;late, contributing

3

to the cycle's efficient functioning. Similarlygin sail 2, theéSuccinate’dehydrogenase genes

L2 e
(sdhA, sdhB, sdhC, sdhD) and fu ratareg‘m;ye es A, frdB, frdC, frdD) are

found, indicating their participaﬁg t

‘% “ Q
ec on Riéuccinate to fumarate and vice
X Il
N
o'vja'
NQliloy

Moreover, soiv&}h or 'arbo\ acid cycle genes such as trans-aconitate
N7 O o
hydratase (tfrA@, uéci -QoA("aynthetase (sucD, sucC), and isocitrate
e
i

dehydrogen&l, DBZ Q@Ilectively catalyze the formation of succinate,
Y-

succinyl-COA, and isocitrate, regp)e.ctively. These genes are integral to generating the

N

cycl%\ug mediate products. The presence of genes like acnA and acnB in all three soils

% s the participation of aconitase in the conversion of isocitrate to a-ketoglutarate.

arly, ACL genes (aclA, aclB) in all three soils imply their role in the formation of

res%hgr:soil 2and 3

=
=

Versa.

S

S

acetyl-CoA, a precursor for the cycle. Additionally, the presence of ccsA, ccsB, and ccl
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genes in all three soils suggests the involvement of citrate lyase in facilitating the
cleavage of citrate into oxaloacetate and acetyl-CoA. Genes such as po@, and
porC found in all three soils encode enzymes that aid in the conversion &@toglutarate
to succinyl-CoA, an essential step in the reductive citric acid cy LAasﬂy, genes like
ppdK, ppc, and PC found across all three soils play pivotal roleq;y&;/erall operation

of the cycle, contributing to the regeneration of oxaloace teWwe completion of the

carbon fixation process. .\d
"X

| &
Numerous carbon-fixing bacteria have been i ified within t rhizvphere soil of
Y/

Sungai Lukut, Negeri Sembilan. Although rotegactgr{ biq@g across all soil
samples, their highest prevalence is ob\&ﬁ)w soil . v@hn the Proteobacteria

group, Alphaproteobacteria, Betapr@cterka,%%m g@@teobacteria are present

in all three soil types, while Delta%oact&ia are least @dant in soil 3. Noteworthy

genera include Psedolabrys ( nt¥in sbit*l), Methy %ﬂnibacter (present in soil 1 and
Len

2), Hypomicrobium and % ae (BJ

Sphingomonas, Psemia, 'T'
igh
4

KEGG database EW
a nibaé;evr superfactus, Thiohalobacter thiocyanaticus,

were Woesei@ i Mi:)ye
Phycicocc Qﬂ@ensis,: r robé:r soli, Solirubrobacter sp. URHDO0082, and

&’

lso‘?b), and Nocardiodes, Streptomyces,

i
%,
yrhiz@m (present in soil 3). In this study, the
&/

s the Ge of@tteria involved in carbon fixation pathway
¢

Pseud taiwanensis.
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4.15.2 Mechanism of Methane Metabolism and The Genes and Bacteria Involved

The mechanism of the methane metabolism from KEGG datab Y;vn in
APPENDIX B. Methane metabolism in methanotrophic cells begins Wydroxylation
reaction from methane oxidation into methanol catalysed by metW‘ronooxygenase
encoded by the genes MMO (mmoB, mmoC, mmoD, mmo mmoZ). The
enzyme coenzyme M methyltransferase catalyses the tra >Yf~a

lnethyl group from

corrinoid protein, where it is bound to the cobalt cofa WWI‘%PM’ the

substrate for genes mcrA, mcrB, mcrC, mcr@ mcr II&A@ enzyme
nal i

methanophenazine oxidoreductase catalyses thanogene3|s by

__JZ

regenerating Coenzyme M and Coenzyme t\/

6‘

: A
After that, other steps in % e}‘ invo /\he acetyl-CoA pathway.
e

Methanol is then oxidised into hyde thar&%dehydrogenase (MDH), which
can be further oxidised ok asshmnilated % tr r cell carbon fixation pathways.

Oxidation of methanol IS C yse h ehydrogenase (mdhl, mdh2, mxaA,
mxaC, mxaD, mxa&a , | d m@ The conversion of formaldehyde to
formate is by fd er a\%’vv\'e (Jdrogenase (FDH) produced carbon dioxide
(CO2) from Th?n, er :d Xi educed to form acetyl-CoA encoded by the gene
cdhA. T@e of porA, porB, , porC, and porG are involved in the production of

pyru \ ferredoxin 2-oxidoreductase. Operating the cycles creates pyruvate and then

3 0A, key intermediates for further cell metabolism.
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The genes of MMO are abundant in soil 3. Following that, soil coenzyme M
methyltransferase (mtaA) is less abundant in soil 3. Then, soil 1, soil 2, a Whave
the most abundant genes of heterodisulfide reductase (hdrA, hdr hdrD, and
hdrE), with these genes forming coenzyme-B. The tetrahy .gfanopterln S-

Q.) is involved in

methyltransferase (mtrA, mtrB, mtrC, mtrD, mtrE, mtrF, mtrG,qw

the formation of coenzyme-M, and these genes are presen inw’and soil 3. The gene

fdhA, which produces formate, is also present in soil oil’3. The gepe FDH, which
is present to produce carbon dioxide, is abundant inkall soils. Follo nF t@fl’ne gene

cdhA is the least abundant in soil 1 and soil 2. LastlynCoA- a‘oet lation is &@eoded by the

genes porA, porB, porD, and porC and is fo% e t%ﬁ bung?gﬁ soils 1, soil 2,

and soil 3. C) O
Lol

N,
n only e found in one phylum which is
&

B) belongs to Proteobacteria are

The representatives of me

Proteobacteria. Methane om@actlr
Ga?

Alphaproteobacteria. mapr?te\(:terla @ﬁde a wide range of MOB, such as

found in three ¢ apr; t‘gébaarla Betaproteobacteria, and
Methylosarcina, I Cc Idu , q M@Iobacter from soil 3 in comparison to
Betaproteoba at inclu eth;&b'lum Methylonera, and Methyloversatilis from
soil 3. Al 0 obac er are‘onl cludes Methylocystis which are present in soil 2
and soi Methyloceanlbacmmch present in soil 1, 2 and 3. Result from this study
sh at all of the MMO were most closely related to those Methanotrophs of

@Iocystls sp., Meythlopila sp., Methylosarcina lacus, and Methyloceanibacter

methanicus) and those of Methylotroph (Methylobacterium nodulans, Methylobacterium
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sp. 17SD2-17, Methylibium sp., Methylotenera sp. 24-45-7, Methylocaldum sp.,
Methyloversatilis universalis, Methyloceanibacter caenitepidi, Methw{gnibacter

marginalis, Methyloceanibacter sp. wino2, Methyloceanibacter S&@ctus and

Hyphomicrobium sp.).

\yf

4.1.5.3 Mechanism of Nitrogen Metabolism and T es nwta*a Involved

N
According to the KEGG metabolism pathw, 0 ed in AP IlID@C the N-

fixing bacteria generally begin by converting mogglthrough ATP

molybdenum-iron

hydrolysis by dinitrogen oxidoreductase, QM

protein (nifDKH) and nitrogenase delta S it (anfG n, b@ria generally convert
\ 2

the ammonia to nitrite by ferric m u@ encoded by the genes
hydroxylamine dehydrogenase ( d nitritere ctas&‘(arfA) followed by nitrification
reactions by ferredoxin- 'rat eductase (n @1 convert nitrite sequentially to
nitrate. \ | \" ‘-
L9's
The mtrog% b:lsrﬁ?m y iS"8ncoded by the genes nifDKH and anfG, and it
d ot

IS abundant n 1 2‘. g @es are in charge of ATP hydrolysis formation.
Only Sgl|5 and soil 3 contaln_\)tgr;edoxm nitrite reductase (nirA), which produces
ammg'a. oth nirB and nirD genes are also in charge of producing ammonia, which is

tin soils 1, 2, and 3. The gene nrfA, which is present in soil 2 and 3, is required

Qconversion of nitrite to ammonia and conversely. The genes of narB are present in
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soil 3, as it can produce nitrite or nitrate. In the nitrification reaction, hao is the most

abundant in soil 2 and soil 3. \q
In this study, nitrogen-fixing bacteria involved in nitrogen me{ebolis% pathway are
il

belonged to Alphaproteobacteria (which abundant in % and 3) and
Gammaproteobacteria (which abundant in soil 1 and 2 inw that the nitrogen-
fixing group in this phlyum is predominant in the Sungaiskzuk mwecosystem. A

number of nitrogen-fixing bacteria, identified as@members Of t Feﬁa&)qY"Eubyza,
=
uctor

Nitriliruptor, Nitrospina, Nitrospira, Nitrobacte Nitragir S, Ql-itrosomonas,
Y

Nitrococcus, Nisea, Thioalbus, Thioalkalivibrio, zrio‘%r\d oth:ésgﬁve been found

in the rhizosphere of mangrove. N-fixi %ria are to éihe least abundant in

soil 1 which are Nitrococcus and Thi@%s foIIoE he pi\éesphere bacteria in soil 2
N,
which are Eubyza, Nitrospina, !\h’%ona!‘and wtri>c§1')ne genera that are detected

&
the most in soil 3 are Euby iIirI r, Ni , Nitrobacters, Nitrareductors,
Nitrosomonas, Nisea, an iealbus. Lastly ‘p{oaglivibrio has been discovered in all
\f 7
soil samples (soil 1@3). @ ixingé\fteria that are found to be abundant in
ai Lukut'
R W A

alkaliphilus, @a Qs, Nit@ira defluvii, Nitrospira japonica, Nitrospira
I % £ siS

lenta, Ni MOosCco is, N@pira sp. CG24D, Nitrobacter sp. Nb-311A,
. § N
Hyphomicrobium denitrificans, homicrobium nitrativorans, Nitratireductor basaltis,

B

mangrove soil in

Ni%ictor indicus, Nisaea denitrificans, Sulfuricella sp. T08, Nitrosomonas mobilis,
[

trgsomonas sp. Nm143, Thiobacillus sp. 65-29, Nitrosococcus halophilus, and

Nitrosococcus watsonii.



4.15.4 Mechanism of Sulfur Metabolism and The Genes and Bacteria Involved

Some inorganic forms of reduced sulfur, mainly sulphide (H2S/H m:emental
sulphur (S), can be oxidised by sulphur oxidising bacteria. Accor% the sulphur
pathway from KEGG showed in APPENDIX D, the dissimilarimhate oxidation

reaction begins by converting sulphide to sulfite in the presence of Sulfite reductase (cysl,

cysJ, sir) and dissimilatory sulfite reductase (dsrA, d nes' followed by the

tal se.\¢g, Y§ulphate

N
adenylyltransferase catalyses APS encoded by s te” adenylylt erach"(SAT and

met3) genes to produce sulfate. The genes WJ,

abundantly formed during dissimilatory suth ductign

3. Finally, SUOX are less abundant in soNn sulphite

KK? 4

involved in sulfite oxidase deficien 23; : s allcsl;ql\t contains soeA, soeB, and
otlvl, s

so0eC, and the genes are present \ , Soil soil

N\~ S
l
Proteobacteria are present in &L@ - Lf&ey are found the most in soil 2 and 3.

Among Proteobacé\\ h@roteo@eria and Gammaproteobacteria are
_ _ N7 O . o
discovered in so(ﬁ}in % Peltép‘&yteobacterla is only detected in soil 2 and 3.
esu bus

ot
d [a v u:
Desulfatibaz’@' D 0

formation of adenosine-5'-phosphosulfate  (APS)

d
C)GI,\ ; dsrmjza:ld dsrB are

YL

oxidation in soil 1, 2, and

Djf ,@sulfocapsa, Desulfofustis, Desulfuromonas,

Desulfoma, nd Desulfacinu@ja?e- the genus found in this study. All of the genus is
only present in soil 2. The rhizosphere bacteria that are involved in sulphur mechanism in
pathway are Desulfatibacillum alkenivorans, Desulfocapsa sulfexigens,

Ifofustis sp., Dulfuromonas sp., Desulfobulbus sp., Desulfopila aestuarii,



Sulfurifustis variabilis, Sulfuricaulis limicola, Desulfofustis glycolicus, Desulfospira

joergensenii, and Desulfomonile tiedjei. \q

4.1.5.5 Mechanism of Atrazine Degradation Metabollsszh Genes and

Bacteria Involved Y'

As shown in atrazine degradation pathway in K da bWPENDIX E),

atrazine is first catalysed by atrazine chlorohydro @A) to pro Ay&c&(yatrazme

(HA), which is then catalysed by hydroxydechl in ﬁ’y noh%(iaolase (atzB) to

V@Jpropylammellde
&

pathway, which are cyanuric acid 0 dr ) t?'tg?et amidohydrolase (atzE),
allophanate hydrolase (atzF), a The f re rich only in soil type 3, as
it produces 1-carboxybiur, r cyanu c ac l the atzg gene is present in soil
1, soil 2, and soil 3 as &ol r ylate by 1-carboxybiuret hydrolase.
Lastly, the genes of \d also dant in soil 1, soil 2, and soil 3 as they
form biuret and ivel ;'

f %

>
egs/ it
bacCteria that are rgg)senmble in atrazine degradation are discovered in
man% il from Sungai Lukut, Negeri Sembilan include Actinobacteria, Chloroflexi
eobacteria. Some of the genus that belong to Actinobacteria are Mycobacterium,

Qﬂia, Rhodococcus, Tetrasphaera, Clavibacter, Friedmaniella, Nocardiodes,

Pseudonocardiodes, Streptomyces, and Solirubrobacter, while the genus Caldilinea and
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Kouleothrix are belong to Chloroflexi. Among bacteria, Proteobacteria are present the
most which include Alphaproteobacteria, and Betaproteobacteria. T@n’us of
Alphaproteobacteria that are present in soil 1 and 3 are Rhodoplanes %udolabrys.
Besides, only Methyloceanibacter are present in both soil 2 and 3. %er, soil 3 are
abundant of genus Bradyrhizobium, Rhizobium, Devosia,4Hyphomicrobium, and
Pseudorhodoplanes. The genus of Betaproteobacteria are nlmm in soil 3 which are
Caenimonas, Variovorax, Rhizobacter, Bovinethylophi |trQs\as The KEGG

database indicated that atrazine degrading ba@resent is c'ob um sp.

ACS1612, Friedmanilla flava, Pseudonocardia rmopyll rubqebacter soli,

Y/
Kouleothrix ~ aurantiaca, Methyloceam%Z rg§ i {éfgﬁdorhodoplanes
sinuspersici, and Pseudolabrys talwane\sg) 6€

3
J"/

4.15.6 Mechanism of Dioxin De adT tabo and The Genes and Bacteria
l

Involved
o \—'
According t \(E@way owed in APPENDIX F, in aerobic

N
(.z
biodegradation, lo m%j be dioxins (PCDDs) and polychlorinated
dlbenzofur@SFSk be)}u ly. |ated by an angular dioxygenase system that
Y‘

attacks Qg adjacent to the oxygen bridging the two rings, yielding 2,2',3-
e

trihyﬁ iphenyl ether or 2,2',3-trihydroxybiphenylln the second step, 2,2,3-

ydiphenylether was converted into 2-hydroxy-6-oxo-6-(2-hydroxyphenoxy)-

QA-dienoate (HOHPDA) by 2.,2’,3-trihydroxybiphenyl dioxygenases. In the final



step, 2-Hydroxy-6-oxo0-6-(2-hydroxyphenoxy)-hexa-2,4-dienoate hydrolysis will yield

catechol or salicylate as the final substrate for benzoate degradation. \q

The 2,3-hydroxilating of the biphenyl results in the formatioq of 2,3-Dihydro-2,3-
dihydroxybiphenyls during PCB degradation. The enzyme?V 2,3-dihydro-2,3-
dihydroxybiphenyl dehydrogenase catalyzes the second s W?biphenyl degradation

pathway. Following that, 2-hydroxy-6-oxo-6-phenylhe -dienoate (HOPD) hydrolase

hydrolyzed HOHPDA to produce 2-hydroxy-2,4-pentadienoate, \whic ii a’ﬁgﬁﬁrate for
—
va

etabolism apd the FEA cycle.
o3

N

benzoate degradation and a lower pathway to pyru

are several genes involved in the atr@5e degﬁq?at including dbfA1, dbfB,
E N
%

praC, xylH, dmpH, xyll, nahK, m

&
gene dbfAl is involved in th %tepl deg@ion and it is present in soil 3.
is rl;:

Furthermore, the hydroly% OHPB

&
soil 3. Genes of pri@xylw ar nd iré'ﬂ 1, 2, and 3 and are involved in the
|

& . .
G\ he ge pH @1 and nahK are involved in 2-oxopent-4-
@
2 %
olbe

production of cat
enoate-forming™and-<are foun abundant in soil 2 and soil 3. Besides, the

N
encod e genes mhpD ana*(;thE, respectively, and is present in soil 2 and soil 3.

formation EWZ)-Z-ﬁy X enlé,\él-dienoate and 4-hydroxy-2-oxopentanoate is
C lation is solubilized by acetaldehyde dehydrogenase encoded by the genes of
hpF, which are abundant in soil 1, 2, and 3. Finally, only soil 3 is rich in bphAa, bphAl,

bphA, and bphC genes because it is involved in the formation of (1S, 2R).-3-



phenylcyclohexa-3,5-diene-1,2-diol and  2-hydroxy-6-oxo-6-phenylhexa-2,4-dienoate

which are essential for pyruvate metabolism and the TCA cycle. \q

Most of the bacteria that are involved in dioxin degradation pathway from KEGG
database are from Actinobacteria and Proteobacteria (particuIa$;)rotetobacteria,

Betaproteobacteria and Gammaproteobacteria). Actinob cteve found to be more

abundant in soil 3 but less abundant in soil 1 and 2. T ria th ;!res in soil 2 and
@
3 are from the genus Mycobacterium, Mycoligibacterium, c rd'&X'Eubyza,
_ A0
Rhodococcus,  Phycicoccus, Blastococcus, G rmatophilu Ins@aporanglum,

Tetrasphaera, Agromyces, Athrobacter, Noc%@s, gie\card@?eptomyces, and
Conexibacter. While Actinoplanes and\&@ are on sen6f~soil 1. Besides, the

genus of Afipia, Bradyrhizobiurc, Devosi ,\RHVdoI , Methyloceanibacter
N
Pseudorhodoplanes, Nicella, Rigobi

osphigobi Spingomonas  from

\ &
Alphaproteobacteria are pres%ﬂ oiII Me@ile, the only genus presents in
soil 1, 2 and 3 are Pseu% . Mor ‘\;er}‘p@nas from Betaproteobacteria, and
Woeseia and Lysob rom 15a roteobacteria are only present in soil 3. The

&
'oxir(Begradation pathway are Mycolicibacterium

bacteria that are th&gnt m
‘
morikaense, za-tangernina:Ps do@yystaiwanensis.

RN
S
N
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4.1.6 Comparative Analysis of EQQNOG AND CaZY of Bacterial Diversity

Metagenomes provide insight into the physiology of a community by ¢ 'ging the

collective functions that are encoded in the genomes of organisms-&make up the

community. Function annotation based on the KEGG, as shown Wure 4.7 (@)(b),

reveals that most of the core genes found in mangrove soil Nolved in metabolic
o

pathways. The highest genes are involved in carbohydrat olis,n and followed by

amino acid metabolism. Both soil 1 and soil 2 demonstr the hig v.els of energy
production and conversion, comprising 5.38% an @)’respec Ve C&mzé?ely, soil 3
displayed the highest proportion in amino a p at -36%. ‘Iwaddltlon the

functional annotation based on eggNOG he 905(10 isolated from the soil of

are roiated with energy

A

production and conversion, amino s% b IisEj;}epllcation, recombination
r et

and repair, as well as carbohyd nsp M
In this study, the functignal tano‘ ba Io@ CAZy reveals six CAZy main
%2 A

functions as follows: agac(.GH), Glycosyl Transferase (GT),

mangrove trees’ rhizosphere mostly con nes t

ab m pathways (Figure 4.7 (a)).
\

Polysaccharide Lyas&b Carhohydrate E ses (CE), Auxiliary Activities (AA) and

N

O _ L
Carbohydrate- Blﬁj olulé ) \fvae found in collected mangrove soil (Figure
4.7 (b)). GIQ/% hyd‘ao se;:e i the highest representation, with percentages of

057%| S

s

50% in soil 2, .66% in soil 3.

6
N



Relative Abundance

Ng

SN

W &: Function unknown
W C; Energy production and conversion
W E; Amino acid transport and metabolism
L. Replication, recombination and repair
I G: Carbohydrate ransport and metabolism
K. Transeription
[ P: Inorganic ian transport and metabalism
IJ; Translation, ribosomal structure and biogenasis
[; Lipict transport and metabalism
W Cell wallmernbranesenvelope biogenesis
T Signal transduction mechanisms
0: Posltranslational madificalion, protein lumover, chapercnes
I H; Coenzyme transport and metabelism
11 Sacondary melabalfies biosynthesis, transport and cataboliam
I F: Nucleofide transport and metabolism
WV: Defense mechanisms
W U: Intracellular trafficking, secretion, and vesicular lransport
W O: Cell cycle control, cell division, chromosome partitioning
N; Cell metiity
W B: Chromatin shructure and dmamics
A RNA processing and modification
Z: Cytoskeleton
W Extracellular structures

Sample Name
.' =
Figure 4.7. gram of h Relative Abundance Genes Found in Genome DNA
lated'f. il 12 And 3.

&

A‘Q
N
S
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0.01759

0.0151

0.0125

0.014

0.0075

Relative Abundance

0.0051

0.00251

N NG
X X

Sample Name

B GH:Glycoside Hydrolases

W GT:Glycosyl Transferases

I CBM:Carbohydrate-Binding Modules
CE:Carbohydrate Esterases

I AR Auxiliary Activities
PL:Polysaccharide Lyases

he functfon ann?tatlon was performed based on the CAZy database.

b "')
Figure 4@ gra! 0 T; e Abundance Genes Found in Genome DNA
< : olated So |% :
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4.2 Chemicals Elements Present in Mangrove Soil

The mangrove soil was analysed to determine the element using X- N;escence
(XRF). Figure 4.8 (a) shows soil elements in collected mangrove so’N/langrove soil
from soil 1, 2, and 3 contain the highest amounts of silicone (PWOO), which are

'Mhowed the second

0 and'6.46% respectively.

an rM’l,‘% and 3,

N
accounting for 5.57%, 2.48%, and 3.64%, respec@!angro e soi o‘ hc\?and 3 has

13.39%, 18.83%, and 16.73% respectively. The element alu

highest amount (P = 0.000) in soil 1, 2, and 3 with 4.14%,

Iron was the third most abundant element (P = 0.000)

4
no significant difference in potassium and ph ot the_element are low
which were potassium (1.56% in soil 1,6W|n soil nd <1Q % in soil 3) and
phosphorus (0.03% in soil 1, 0.07% i n sol nd 0 09% in.soil urthermore sulphate

levels (P = 0.000) in mangrove ; ) 26 vlre&)ﬁ'?% 0.35%, and 0.37%,

of mangapese, Q,—rubldlum copper, cesium,

N
lo@'lflcantly different in the range of

0.00% to 0.05%. Figure 4.8 sh ‘?’@d K elements in collected mangrove

soils. Analysis of a&:a em@cont@ mangrove soils reveals that smallest

tracing element @m[ml %W (j’o element was the highest element presence in
mangrove s% |ghyybr§ é% 3) in soil 2 compared to the soil 1 and soil 3.
Y-.

\ &’
N

respectively. After that, the a

chromium, zirconium, bromineyand ar5e’1|c
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N, P and K elements in mangrove soils

b
a

o

a

a a
B K 1 -
Soil 1 Soil 2 Soil 3

Elements
mi BP mK

p(&)'C alcium, K = potassium, Si = silicone, ClI
0

horus, Al = aluminium, Fe = lIron, Mg
ﬁﬂm, Na = sodium, Mn = manganese, Zn = zinc,

= strontium, Cu = copper, Ce = cesium, Cr =

chromium, rconium, Br = bromine, As = arsenic) elements in

mangrove soi c]:) and 3 of Sungai Lukut.

mangrove soil. All data are meanz standard deviations (n=3). Means
that do that share a letter between samples are significantly different

(P <0.05) based on Tukey 95% simultaneous confidence intervals.

;\ (b) Nitrogen (N), Phosphate (P) and Potassium (K) elements in
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4.3 Bacterial Identification in Mangrove Soil Using 16s rRNA Gene Sequencing

Analysis
Y

4.3.1 Morphology of The Bacteria Isolated from The Mangrove SA

As the first step in identifying the species of ea@al isolate, the
morphological characteristics of each were observed apd Wed. Colonies of the
selected isolates were characterised based on shape, t an am&aae. The ability
of isolated strains to fix nitrogen was determined on en’s agar. Vi Ii ci’o\ growth

on the agar indicated positive nitrogen fixation, reas bacteri that\geuld not fix
Y

indi@{g’nitrogen-fixing
our@‘h’ght yellow, yellow,

nitrogen were unable to grow on this med% , J

bacteria. Three of the nitrogen-fixing t{@appear

and milky white colonies on Jensen’(%r. The i@eted strains to solubilize

N,
inorganic phosphorus and potassi were s ened@ Pikovskaya’s agar and

i

&
Aleksandrow agar, as the key%\i.&tor as 'um@ilizing bacteria are labelled as
I

Al, A2, and A3, and pho% ubili gg}}}térh@b by the names P1, P2, and P3. The
&

potassium- and pho&golubi'im

by the f ti I I

y the ormalonw s(c‘e p

medium. The@ bacteriaycarres énding to Jensen’s agar, Aleksandrow agar and

Pikovskay, ‘@ wereJ;h ndn Fi§:4.9.
S
N ~

tivit)é-ﬂwe isolates was qualitatively evaluated

&

qs) Caﬁ(@'nd the colonies growing on Pikovskaya’s
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4.3.2 Bacterial Identification Using 16s rRNA Gene Sequencing Analysis

Sequences of the 16S rRNA gene are a powerful and most comm N; tool in
bacterial identification at both the genus and species levels and in infu& phylogenetic
relationships. The phylogenetic tree was constructed with Meg software using
maximum likelihood with a 1000 bootstrap model using TQEMei model. BLAST
analysis revealed that all the sequences were bacteri atwle. The taxonomic
identification through the analysis of the bacterial 16S r g newpd from nine

g
isolates revealed nine unique bacterial phyloty uenci i iIz’riLyt798—100%)

d
(Table 4.2) and Figure 4.10 represent phylogene?ﬂ'!e of+act spec%g??solated from

Jensen’s agar, Alesandrow agar and Pikovsewgar.

genera including Bacillus, Acinetobactem yhacteri EnteQacter, Klebsiella and

AN
Paenibacillus. Among the isolate (ﬁr} g‘as%?siai@?om Jensen’s agar were
' S
detected, namely; Acine% r i0 sistg@ﬁl (J2), Brachybacterium
\
qsacter

loac I(J% inetobacter radioresistens strain

rains’SR)ng to 6 different
&

paraconglomeratum (J2),Ente
OsEp PIm 15B15 (MT36779041) sh .25"/@%ntity. Besides that, Brachybacterium

paracongIomeratum@ASS@MZG\ showed 99.65% identity and similarity

N L (O .
values of 99.62%| Blac‘hy t;rlu(rf:)sp. (OK326000.1). Likewise, Enterobacter
cloacae str@B ‘K D)? .]_)sh)m the same agar had 99.63% identity (Figure

9084
' 4
4.10). 5 \"}Y
N

ylogenetic analysis in Figure 4.10 showed 3 different strains from Aleksandrow
agar which determines Klebsiella quasipneumoniae (Al), Bacillus tropicus (A2) and

Paenibacillus pasadenensis (A3) with 98 - 99% identity. First bacteria from Aleksandrow
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agar, Klebsiella quasipneumoniae strain cjy02 (MN177200.1) had 99.70% identity.
Besides that, Bacillus cereus (LC530606.1) which had 98.67% identity. aglbacillus

pasadenensis strain zp09 (KM100367.1) which had 99.33% identity. is of 16S

rRNA gene sequence identified three strain from Pikovskaya’s agar*:th two of them had

a same species which are Bacillus cereus (P1 and P2) and Ba% uringiensis (P3).

One of the novel strains from Pikovskaya’s agar w. WS cereus strain R1
(MN213372.1) showed sequence similarity values ofé BM bacteria had

%."S
the closest relatives with Bacillus cereus strain E1 (OR597695.1). B dis? Bacillus
showed

A
seguenc simih?i-ty values of
Y

99.74% (Figure 4.10). Y. Mgl X
3, {\

thuringiensis strain PDKV Bt [-3 (OP209990.1)

—=



(d)

(@)

Z,q

' S
Figure 4.10 : (a), (b) ant;l]@presents Bacteria Colonies on Jensen’s Agar. (d), (e), and (f) Represents Bacteria Colonies

on Aleksa agar. Lastly, (g), (h) and (i) Represents Bacteria Colonies on Pikovskaya’s Agar.
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Table 4.2 : List of The Bacterial Species Obtained from Soil 1,
rRNA Sequencing.
The morphology along with query cover, perc
number are included in the table.

and ?by Using 16s

ity and accession

Samples Identity Accession
number
J1  Acinetobacter radioresistens strain : T _@790.1
OsEp PIm 15B15 1.
J2  Brachybacterium b 99.659% 'MT.214268.1
paraconglomeratum strain AS53 4 X

?’ S\ Y
J3  Enterobacter cloacae strain SUK83 99 3% EY‘KY_908479.1

Al  Klebsiella quasipneumoniae @’100

cjy02

A2  Bacillus tropicus strain W 98.67%  OP_630954.1
¥ &
A3  Paenibacillus pasadeK straif\\fo % @9.33 % KM_100367.1
zp09 A =
P1  Bacillus cereus trau?l' , )? E 9934%  MN_213372.1
P2  Bacillus cergskstrg E \"U" T 100% 100 % OP_597695.1
P3  Bacillu fﬁ@en is_strai DK(\50 100% 99.74%  OP_209990.1

i

/1/5?
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o

92 MN177200.1 Klebsiella quasipneumoniae strain cjy02
oL
100 ———— ON738242.1 Klebsiella quasipneumoniae strain CUAB-BOLU001
n
100 100 _|: MN515152.1 Acinetobacter radioresistens strain SE2C2
56 MT367790.1 Acinetobacter radioresistens strain OsEp Plm 15B15
n
100 o0 { MT124566.1 Brachybacterium paraconglomeratum strain ER41
98 MT214268.1 Brachybacterimm paraconglomeratum strain AS53
NER 113987.1 Paenibacillus pasadenensis strain NBRC 101214
94 100 EM100367.1 Paenibacillus pasadenensis strain zp09

)

&0 A3
74 P2
Al
82 — I3
P3
P1
45 KY908503.1 Enterobacter cloacae strain SUK 107

%

[
]
m

9

%

KY908479.1 Enterobacter cloacae strain SUK83

54 OP630954.1 Bacillus tropicus strain WSBE&9
OP604494.1 Bacillus tropicus strain JJBVT01
OP160521.1 Bacillus thuringiensis strain [IRRBT1

43 0P209990.1 Bacillus thuringiensis strain PDKV Bt I-3
MN793064.1 Bacillus cereus strain WG-35
MN213372.1 Baciltus cereus strain R1

0OP597695.1 Bacillus cereus strain E1

35 OP893812.1 Bacillus cereus strain EFB8

&

N [
Figure 4.1 PhylogenetickTree f(@écterial Species Isolated from Jensen’s Agar,
leksandr garsand Pikovskaya’s Agar.
The? of 4he” bacteria were extracted, which then being

RN
\
N

h

i

14

sequenced“with'I6s rRNA gene sequencing and BLAST sequence
analysis Wil@'CBI.
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4.3.3 Microbial Content and N, P, K Analysis in Developed Biofertilizers

Next, the isolated bacteria were then grouped into three sets of bio-j &Et:, with
each exhibiting N-fixation, P and K solubilisation activities in thre c‘:?formulated
biofertilizers. The three sets of formulated biofertilizers were Iabelmet A, B, C and
control. Set A consists of bio-inoculants A. radioresistens, .Mpneumonia and B.
cereus, Set B consists of bio-inoculants B. paraconglomer %e'eus and B. tropicus
and Set C consists of bio-inoculants E. cloacae, P. pasade is and B: ingiensis. The

- . . )
three sets of bio-inoculants were then mixed commercial !Jos{.')The three

formulated biofertilizers were tested for microbiwent N@ nd K\a‘glysis.

& N
\\, {? 9
433.1  Microbial Survivabilit;‘ﬂr?mhu%\- :

(7]

N &

Beneficial microbes an” activé” In gra@‘f biofertilizers. Microbes in
biofertilizers decrease th% s thro

NV &
include and keep a M@t n@ icrobes” The bio-inoculate in biofertilizers can
&
be tested for its surwivability b plate(anting. The microbial survivability results
@
indicate that @ ertiliweyet ,\”é:Jand C had higher counts of viable microbes
compared wcontrgl ouﬁ (T@ 4.3). In comparison to the control group, the
N
biofertiliz ets A, B, and memonstrated a significant difference (P=0.002) in

mi fal”survivability. Furthermore, the outcomes highlighted that biofertilizer Set A

ht ej;ldbai, S0 an important condition is to

utperforms Sets B and C in terms of enhancing microbial survivability. Based on one-

way ANOVA table shown in APPENDIX G, a p-value suggests that there are significant



differences in microbial survivability among the control and biofertilizer sets (Set A, B

and C). \q
Table 4.3 : Total Plate Count (TPC) (cfu/g) in Control and Q':ofertﬂizer Set A, B

and C After 7 Days.

Note: The data shows the mean of colonies was normali;id byN0g10 transformation.

Means that do not share a letter between samples nif'cantly different (P

<0.05) based on Tukey 95% simultaneous confidencenipter Is..\.d .
N
| S

Samples an Legto (cfu/ i
by
Control 20 1OBQ\T

Set A

N
' 5
4.3.3.2 N, P and wne tslb lated(biofertilizer
AN
Next, N, P%N( ntent i jhe@@e’e sets of biofertilizers were analysed and
compared withrol Z;ig e 4@" Analysis of chemical element contents in
4
biofertiliz ﬂ‘{ ted, |

so presented, In \@h K elements was the highest elements in three sets

)

of bi ilizer and showed signhantly increase (P=0.000) compared to control which is

A §

$ to N and P elements. However, P element was slightly increased in biofertilizer

compared to Set A and B, and the percentage of N element was similar in Set A and



Set C. The presence of mangrove-associated bacteria in biofertilizer is known to reflect

N, P and K elementsin formulated bio-

the amount of N, P and K content.

fertilizer
9
.8
#7
=6
Z5
E 4
3
a2
<1
0
Contral SetA SetB SetC
Elements
mf BP m K
‘ o
Figure 4.12 : Nitrogen (N), Phosphﬁug) and P\mﬂ'sfn')%)élements in Control and
Biofertilizer Set A, B? . @ )
“« Q-
Note: All data are mean + starm eviati :3).‘.\&1 ans that do not share a letter
between samples are sig |canz differ)nt ( <®.@sed on Tukey 95% simultaneous
L ) ‘o’ 7 &
@)

confidence intervals. !
S ¢



4.4 The Effect of Formulated Biofertilizers on The Growth of Duckweed and Its

The effectiveness of biofertilizer Set A, B and C compared%;rol on the growth

Protein Content

4.4.1 The Growth of Duckweed After Applying Biofertilizer Sets

of the duckweed plant is presented in Figure 4.12. The duckwe wth was evaluated in
terms of the number of duckweed fronds. Relative to ¢ , b fer@aet A, BandC

exhibited a significant increase (P=0.000) of duckweeghgrowth started Fz;@til Day
biofert -

15. The result from this analysis also showed that ilizep Set Clis the:znost effective
Y

~The Q@f obtained from

medium to boost duckweed growth compared to ;t

this experiment indicates that duckwee@u IS cor wi&Sﬂae chemical element
content in biofertilizer Set C (E. CIO@B P. pﬂé‘s' @3 thuringiensis), which
dié’ Iy S

showed an increase of P compare AandB. 3 4 Q-
N RN
X |3
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Figure 4.13 : The Growth of Duckweed in Coptr jofertilizer,Set A, B and C
After 15 Days.

Note: All data are mean + standard dewi tloa (n=3).

between samples are significantly diiﬁﬁt (P @;)S\‘bg
(|
confidence intervals. “« Q-
N i"
X |3

4.4.2 Effect of Biofertilizer on 1he ckweeéfotein Content

The effect‘% oft biofertili
\ - - -y
duckweed % MOuRt.Is ented'1h Figure 4.13. Overall, biofertilizer Set A, B and
%

C displ ignificant increas@-b.OOO) in the amount of protein in duckweed plants
co@to control. It indicates that the presence of mangrove-associated
m ganisms in biofertilizer as duckweed growth medium is known to reflect the

amount of protein in this plant.
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Amount of protein in duckweed

Cantrol Set A SetB SetC
Samples

' %?J N
Figure 4.14 : Amount of Protein Harvested fr C G@n Control and

Biofertilizer Set A, B and tin ays.

Note: All data are mean + standard deviatigns (Q).

between samples are significantly differ (I:i - ed(%/q\l' ukey 95% simultaneous
7]

S

confidence intervals.
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