CHAPTER 3 : MATERIAL AND METHODS: )
Ztlon of antibacterial
stan nwchamsms

3.1 Study Design

This study consists of two phases, i.e. Phase 1: De

activities of date fruits (Figure 3.1) and Phase 2:

underlying the antibacterial activities of date fruits re 3.2). '1 @d by
extraction of date fruits by aqueous and metha cts follo y te@ for their

antimicrobial and anti-adhesion activities. W on

frults@w: also soaked
op@mhammad SAW,

;{dbtermmed using well-
i

diffusion assay agar, Minimu nce raﬂorg C) assay and Minimum
Bactericidal Concentration B ass e ot e&and, anti-adhesion activities

were determined usin% adhemln as ylw aco-2 cells model.

in water at room temperature to mimi€ithe pactlce of t

and the infused water was tested cro 1al a

—&0

4 t
In phase 2, the tochemlf \c(m_t nt 1n frult extracts were screened using
UHPLC-ESI Q S/M r qu ed using colourimetric assay, which was

|
Total Pheno!l tent TPC sﬁy, Total Tannin Content (TTC) assay, and Total
Flavon ent (I ay 'E&\" ther explore the mechanism underlying the

ant Qal activity, active Q%ﬁounds responsible for antimicrobial activity were

t and tested for their antimicrobial and anti-adhesion activity.

Q o evaluate the possible mechanisms of action and cellular targets of the date extract
n

d the isolated active fraction against selected bacteria, a morphological analysis of



the bacteria was carried out using electron microscopy. The summary of the workflow

NS

for Phase 1 and Phase 2 are as shown in Figure 3.1 and Figure 3.2.
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e 3.1: Flowchart of phase 1: determination of the antibacterial activity of date
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3.2 Microorganism

3.2.1 Test Bacterial Strain \Q

Six strains of bacteria were used in this study; gram-posi '%cteria:
Staphylococcus aureus (ATCC 6538) and gram-negative bacteria:_Escherichia coli,
Salmonella enterica serotype Typhi, , Salmonella enterica gerovav Typhimurium
(ATCC 14028), Shigella flexneri (ATCC 12022), and Vibrio clww. Three references
strain of American Type Culture Collection (ATCC) were obtained fi 01!1 Thermo Fisher
Scientific USA and three clinicals isolated of Vibrig cholerae, Salm a Tyd?f-and
Escherichia coli were obtained from Universiti gsaan Mije'dicg? Centre
(UKMMC). All bacteria were maintained in a Ws %:Q edium@?’?ration of

30% glycerol and bacterial culture in nutﬁwh). ﬁld maintained
in -80°C freezer prior to any screeninA

N? ' C’)
&
TQ} the pu ?;h ba‘u&lum was culture in selective medium. S. aureus

as&red in blood agar q\rtd}/colonies appear with beta-hemolysis and golden
c \ colonies. S. Typhi and S. Typhimurium, were cultured in McConkey agar and
a

\%W4

r pale or colourless colonies (non-lactose fermenter). While, E. coli culture in
acConkey agar appear dry, dark pink colonies with surrounded with dark pink area of

precipitated bile salts (lactose fermenter). S. flexneri culture on McConkey agar appear



non-lactose fermenting and colourless colonies. V. cholerae cultured in TCBS agar,

appear yellow colonies with opaque centre and translucent surrounding. T

3.3 Chemicals and Reagent ,

Mueller-Hinton agar [OXOID™, USA], Mueller-Hinton OXOIDTM

USA], Nutrient Agar [OXOID™, USA], Nutrient Broth [OXOI A], Ampicillin

oxa% [Fluka analytical,
Wmar blue

[Invitrogen, USA], Dulbecco’s Modified Eagle ium [Gibg¢o, L ec agiz):gles

Sodium Salt [AMERCO, Life Science, USA], Cipr

Germany], Gentamicin Sulfate [AMERCO, Life

Corp, NY, USA], Phosphate Buffer saline [GleO techn?lo ies orp,@ USA],

Fetal Bovine Serum [Gibco, Life technologl

[Gibco, Life technologies Corp, NY, U @ i omége (10,000 U/mL]
%

[Gibco, Life technologies Corp, N

Corp, NY, USA], Dimethyl S l V]han 1s, USA], 1:@1 & Ciocalteu’s Phenol
Reagent [Sigma Aldrich, US um Car [Slgﬁﬁ"Aldrlch USA], Gallic acid
[Sigma Aldrich, US Aluminum C,\IOI‘I 1 Aldrich, USA], Rutin [Sigma
Aldrich, USA], Form?cblim c‘,‘ Cvj?@omum formate, Acetonitrile (ACN)

for UHPLC- QT 1g a SA], @omtrlle and methanol for Prep-HPLC

N
[Merck, Gerv@lut alde eﬁ 1g§n%'z)Aldrlch USA], Sodium Cacodylate Buffer

[Sigma Q‘ “] tsgpude [Sigma Aldrich, USA], 100 Resin [Agar

Scien UK], T uldﬁle\b,m [Sigma Aldrich, USA], Uranyl Acetate [Agar

&)
S Nﬁc Ltd, UK]. N

S

é‘/



3.4 Culture Media and Reagent Preparation

3.4.1 Nutrient Agar \Q
Nutrient agar was made by dissolving 28¢g of dehydrated nutrien!a% 1L of

distilled water. Media were boiled until completely dissolved anq then autoclaved

[Hirayama, Japan] at 121°C for 15 minutes. The media then were potred into sterile

culture plate in aseptic condition under class II biosafety cabinwm, Singapore] until

hardening. The agar plates were stored at 4°C. é '
.\d, <

3.4.2 Nutrient Broth N
1S
The nutrient broth was made by dissolvi of de‘y nu@ broth in

NN

1L of distilled water. Then, the media Waw welk an iquoté‘n. appropriate

container. The media were then sterili Whtoclave a °C @3 minutes.

\ &.\
3.4.3 Mueller-Hinton Agar % o 0}

q
Mueller-Hinton (MH) ade Ming gé%of dehydrated MH agar in
1L of distilled water. he%aa erdlun ‘\ompletely dissolved and then
autoclaved at 121°C fhinutﬁ{ eﬂ.it‘i}ﬂoen were poured into sterile culture
plate in aseptic @ u !r c IT bigsafety cabinet until hardening. The agar

N
g :IC,)(J

O
3.4.4 | Hilan é\\
"

Ai broth was made bg&aissolving 21g of dehydrated nutrient broth in 1L of

@ water. Then, the media was stirred well and aliquot in an appropriate container.
@e media were then sterilized by autoclave at 121°C for 15 minutes.

-9

on

%

plates were stor



3.4.5 Cryopreservation Medium for Bacteria

30% of glycerol was mixed with 70% distilled water and sterile the @y
autoclaved at 121°C for 30 minutes. Cryopreservation made by addifg%a io of

bacterial culture and 30% glycerol.

3.4.6 Antibiotic Stock Preparation q

Few types of antibiotic were selected in this study, sin@r nwf bacteria
@

might have different sensitivity. Two wide spectru@ibiotic ie.; ?p@ and
Gentamicin and one antibiotic widely used_for Bacterial? nte.r@" such as
ciprofloxacin were used in this study. Ni 1 \ ?Y-
3.4.6.1 Ampicillin Stock Solution j O

Ampicillin stock (100mg/mL) @as Made ssol@ g of Ampicillin sodium
salt in 100mL of distilled waﬁw T \

solution then filtered uging a zile 0.2um syfinge . Aliquot the solution and stored
, 4 2

the stock solution ir{"c. ' \ %é}’

3.4.6.2 Gentf@t ck Qﬂ, &)
1 : b&)

Gentamigin %ck s?lu iong(1 On@) solution was made by dissolved 1 g of

s

the @mn using vortex. The stock

Gentamicin Sulphate into IOO“LED‘X. distilled water and mixed well the solution by the
\

t he stock solution then filtered using a sterile 0.2um syringe filter. Aliquot the

\%
Gaiion and stored the stock solution in -80°C.



3.4.6.3 Ciprofloxacin Stock Solution

Ciprofloxacin stock solution (20mg/mL) was made by dissolved@g of

Ciprofloxacin powder in 20 mL of acidic aqueous (pH 4.5). Mixed Wef&ﬂution by
the vortex. The stock solution then filtered using a sterile 0.2um syrRﬁter. Aliquot

the solution and stored the stock solution in -80°C V

3

The basal medium of (DMEM) was suppleriented with 10% aL) vine

3.4.7 Complete medium Dulbecco’s Modified Ea

Serum (FBS) and 1 % of Penicillin-Streptomycm 000 [}m )t mak@OmL of

complete medium DMEM. Complete DM um red ing4 untll used.

This medium was used to culture Ca@s and jc presE) tlon medium for
Caco-2 cells. A
O, NS

S
N

3.4.8 Cryopreservation M

ZCIS'QIQ

10% of Dimethyl Sulfox1T/ISO, wa xed complete DMEM to make

cryopreservation medi%!s med1

l

3.4.9 Antiblo ee Co ediu EM

2

1? t reeze cells for long-term storage.

O
The ba%edlu of uﬁec g@ Modified Eagle medium (DMEM) was

suppler% ith lﬁ D} al @me Serum (FBS) to make 500ml of complete
M.

Complete D medium was stored in 4°C until used. This medium

é&l in bacterial adhesmn assay.

cs
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3.4.10 7.5% of Aqueous Sodium Carbonate

A 7.5g of Sodium carbonate powder was dissolved in 100mL of disti led?ter.

100% of Folin-Ciocalteau’s Reagent was diluted with diswrater to get 10%

of Folin-Ciocalteau’s Reagent. z '

3.4.12 2% of Aluminum Chloride \d, T

This solution was done under fume cupb@lus

hazarded. Briefly, 4g of Aluminum chloride W&Q ssolv

well the solution in a Scoot bottle. ‘V 1 4‘ E

3.4.13 Gallic Acid Standard StocK Solution \?
Gallic acid standard stz%\ion sv

powder in 10mL of methan: \ke stock soluti

Further dilution was % dilutej sto s'ol@- with distilled water by serial

dilution techniqujé |

NS

3.4.14 Rutineta rd tqhsu}dongg-/
Ru %rd st tion

b g

of meSno 0 make a stock O}};\i}: of Img/mL and mixed well. Further dilution was

:gw diluted stock solution with methanol by serial dilution technique.

Then, the solution was stirred well with a magnetic stirrer.

3.4.11 10% of Folin-Ciocalteau’s Reagent
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3.5 Date fruits

Date fruits were purchased from a local supplier, Syarikat Abdul Ghaffar Wg

Sdn. Bhd. (Saudagar Kurma) Penang, Malaysia. Ajwa dates were or:'%l from

Madinah, Saudi Arabia. Medjool dates originated from Palestine, and mi dates

originated from Iran.

s, C- jool Dates

\4 1 i
Figure 3.3: Dates pr A Haé)f?%): S@in this research. A- Ajwa Dates, B-
mi gﬂ
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Figure 3.4: Packaging of date frui ced @ § ul Ghaffar Sdn. Bhd.
ates

A- Ajwa Dates Joow) arlﬁn, Dates

%
&
qu\

Date fru1 %@rmse@ distilled water. Date fruits were dried

in 40 °C oven pt at Jun tilcﬁther used/analysis.
&
AV A
<&
)
e

&
N
N
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3.5.2 Preparation of Date Fruit Extract

3.5.2.1 Aqueous extraction :\z

3.5.2.1.1Hot aqueous extraction
Hot aqueous extraction was performed as descrlwously with

modification (Al-Daihan & Bhat, 2012). Briefly, 100 g of te s were crushed using

laboratory-grade blender [Waring, USA] and extractegdsgi dlst ed water.

Then, the mixture was heated at 60 °C for 1 hour u$ing a hot plate [Daihan ‘I;{Féch
Korea]. Subsequently, filtered using cotton gauze owed b

hat an®§__g\ 1 filter

N,
paper [Whatman® Int. Ltd., Maidstone, UK]. T ﬁltra e ater ﬁe'd in an oven

at 60 °C [Memmert, Schwabach, Germa@ 35 ds W{;{e Estored at -20°C
until further analysis \

.k
A
n =)
3.5.2.1.2 Cold Aqueous Extr q 6
Cold aqueous extrag \s pf%! d‘e% ed as previously with slight

modification (Al-Daih t,2012). Brigfly} l@of date fruits were crushed using
'
N in 1

:
OQ}L of cold distilled water and soaked

a laboratory-grade b%r and l i %

for 24 hrs at 4 @ \Qb:red C}&i’g cotton gauze followed by Whatman®

No. 1 filter ahhe fi ::%& ecJ%Qed using freeze dryer machine [SCANVAC,
B

> _
Coolfsa ogene A }Lllle@, Denmark] and stored at -20 °C until further
anal 51 N
S

S

Methanol extraction

0 Methanol extraction was performed as described previously with modification

(Bouhlali et al., 2016). Briefly, 100 g of date fruit was crushed using | laboratory-grade



blender and mixed in 1000 mL of methanol, and the mixture was seated in room
temperature (24 °C) for 24 hours. The mixture then filtered using cottonvd
followed by Whatman® No. 1 filter paper. The filtrates volume was re@mder
pressure at 40°C using Digital Distilling Rotary Evaporator [IKA- GmbH,

Germany| and t further dried in an oven at 60 °C. The extract yieldsWtored at -20

°C until further analysis. : V
3.5.2.3 Prophetic Methods Extraction l
NY.

r of Ajwa e’(%}yh.ree,

Samples were prepared by immersing an odd

five, and seven dates) individually in a glass o

40m\ﬂ. glas%& covered

The @S;d water was
IS, @&, and 24 hrs).

taken at a different time interval (0 h S, )hrs, 6 hrs
A
N

N
S

d
3.6 Antibacterial Assay \ Q/V

S
3.6.1 Screening of Antimi¢robial A’tivit uiin ar Well Diffusion Assay
4 s
€ extr

The antibac%a Wiii W éﬁ(vere evaluated using the agar well

diffusion assay. mf b %

in smﬁonsion (adjusted at 1.5 x 10 CFU @ 0.5
McFarland st@ was spre @ler-Himon agar media using a sterile cotton
swab. F %;(7.90 M 1a \) were cut from the inoculated medium using

flame-sterilized metal cork bog\/ For each agar plate, three wells were filled with

\
léé L of samples and one well filled with 100 pL of antibiotic (Ampicillin,

using aluminum foil and seated in room

micin and ciprofloxacin) as a positive control. All plates were then incubated at
°C for 16-20h. The diameter of the inhibition zone was then measured using a digital

caliper and recorded. The test was performed in triplicate.
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3.6.2 Determination of Minimum Inhibitory Concentration (MIC)

The antibacterial activity of various date fruit extract was tested usiag a ‘broth
micro-dilution method of Wiegand et al. (2008) with modification. KC or 96-
wells plate template was followed by Figure 3.5. Date fruit extractsgyere prepared by
dissolving each dried date fruit extracts with nutrient broth (1(%m;st~dpried extract

dissolved in 1ml of nutrient broth). Then, all extracts wer diWith nutrient broth

to prepared at four serials of two-fold dilution, formin c rat"ol\ofgoo mg/ml

to 62.5 mg/ml. All extracts were filtered using agsterile”0.20pum

ra Iter
R

[Sartorius, Germany] before use. The bacterial ension was th adJusTéd at 0.5

McFarland standard and measured spectrophot%etrlc \\( .09-0.1%)D 625nm
[GE healthcare, England] and then dilute‘N |: .5 che tﬁ dilution were

added in sterile 96-well plate [Corningmr I

adjusted bacterial suspension. A pri,te %o%n rol 'Sibiotic and inoculum),
1

d
negative control (medium ar% um%;rility&&ntrol (medium only) were

included to aid interprefaticw pla} thefl lcu a@ at 37°C for 16-20 hours. The

U

=
w2

well with visible no growth (furbidity) mictobes was taken as a MIC.

N O
N
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10 11 12

e ACcCE e eccce

””CQ”@Q@O

SAMPLE
B

Figure 3.5: Minimum Inhibitory Concentrati (MI M n 9 S plates

1000 - 15.63 : Concentration (mg/ml) NC: Negative Control
PC : Positive Control
SC: Sterlllty Control

The minimum bacterlclda%ntrati& M

in accordance to Clinical Labora

whereby 10uL of the % m MI];jél&t@lch showed no visible growth of

microbes were stre nutrie rl \‘;.L es (@, USA). The plates were incubated

for about 24 &7

growth on@ wa,
1)

RN
~
N

cent@ﬁ of the extract that showed no colony

65



3.7 Bacterial Adhesion Assay

3.7.1 Caco-2 cells \Q

Caco-2 cells were purchased from the American Type Cul %lection
(ATCC), and the culture was maintained in T25 or T75 flasks [SPL Life Science, Korea]

with complete medium of DMEM. Caco-2 cells from passage 2(P2) te 15 (P8) were

used in this study. The cells were incubated in humidi incubator [Galaxy,
Eppendorf, Germany] at 37°C in 5% COz and 95% air. l
Y.

Y'
N
it

Passaging is a processed of sub-culture whendt d 80{3?0 90% of

3.7.2 Cells Passaging '

confluences. The cells were washed twice% PB% be cellsge. trypsinized

with 0.25% trypsin-EDTA for cell de%a A 2mL ofytrypsi TA was used for
T25 culture flask and 5 mL for T7%|re flask: th c;{k’were incubated for a

N\
maximum of 10 minutes until r% ﬁom the cul % ask surface. After that, a

complete medium of DM@ ‘l acti‘\@he trypsin-EDTA. The cell
suspensions were tran% to a ISmLJtube centrifuge at 1500 rpm for 10
'

minutes. The super %Was dis omplete medium DMEM was added
to re-suspend tl\;&
¢

ratio or cell % Desired c n‘m@as counted using hematocytometer. 10ul of
<k. NS

Trypan %

ensi ngas re-plated with the desired expansion

n and™. ?f cellsssuspension were mixed and unstained cells (lived)

cell counted by light ic%s'copy. The calculation formula for cell suspensions

@ed on the following;

umber of cells under microscopy x 10* x cell suspension (mL) x dilution factor
Number of fields counted
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ATCC Number: HTB-37
Designation: ~ Caco-2

ty.

N
tre h@w.atcc. org

3.7.3 Bacterial adhesion assay \ O<’~

were between passage 2 an%co- S were s@ at 1x10* cells/well in sterile
cell culture grade 96- [ i

5% COz and 95% 0 obtai"l

bacterial cultur% brot
¢
(3500xg, 1 :1n::’

estett:t}%teria were harvested by centrifugation

i

hen was f:e @h 1x PBS buffer. The bacterial cells were re-
i

suspendéd in dntibiotic EMFat a cell density of approximately 5x10% CFU/ml.

Da@s extract were diss@ﬁ in antibiotic-free DMEM at a concentration of
@ﬂl. Cell line monolayers were washed twice with 1x PBS to remove antibiotics
efére a 50 pL of extract solution was added and incubated for 1 hour at 37°C in a CO;
ncubator. Followed by adding bacterial suspension (10uL) to obtain a multiplicity of

infection ratio at 100:1 (bacteria to Caco-2 cells) and a 2 h-incubation. For control wells,

67



bacterial suspensions were incubated in the same medium without addition of sample
extracts. After the incubation period, supernatants were removed, and wells Werw
washed twice with 1x PBS to remove non-adhered bacteria. Finally, Caco-%\w}yers
were trypsinized by adding 100uL 0.25% trypsin—EDTA solution. Th: bacterial
cells were counted using serial dilution methods and plated on apprcw agar plates.

Percentage of adhesion was calculated compared with the con;iol asfollows:

Relative percentage of adhesion (%) = CFUsampkéUcom | W
.y

| &

sa@ extracts,

Where CFUgample 1s the number of bacteria adh in Wells containi

&

and CFUcontrol 1S the number of bacteria adlw he @xntro ells.

N

3.8.1 Phytochemical ScreeN ing U -ES]&TOF-MS/MS analysis
\

3.8 [Isolation of Active Compga ) o 0}

X

This analysis wag performed usill an ICMS system with Sciex 3200QTRAP

. o el .
hybrid trap mass Ktro etci w wit rkin Elmer FX-15 UHPLC. The
separation was !&ed 0 ‘@x 3u@.0mm Phenomex® Synergy Reverse-
\ !
a
pr

phase C18 at e 0.25MmL
t

niflcjrﬂnj ection volume at 20pL. The detection was
by MS— i %pectr s€op
SO

with 0.5u nylon syringe ﬁlt%\)[§;rck Millex®] before injecting into a column. The
N
hase used was (A) deionize water with 0.1% formic acid and 5nM ammonium
-

@emperature of 500°C. All samples were filtered

te, (B) Acetonitrile with 0.1% formic acid and 5SnM ammonium formate. The

Qwiex Triple TOF® 5600+ high-resolution accurate mass spectrometer [AB Sciex Pte.

Ltd., Biopolis, Singapore] was used to obtain the mass spectrum. The ionization source

68



used was Sciex patented Duo Spray source with electrospray ionization (ESI) in
negative mode. lonization voltage used was 5500kV with 500°C source temp%
For the identification of phytochemical compound, the mass scan range \from
m/z 100 to 1200 with the information-dependent acquisition (IDA) oF& fragment
spectrum. Identification of the phytochemical was done via chemic Wula finding,

Sciex internal natural product database and also cross-r g with existing

publication to obtain more data.
'é '\d.

S

| &

3.8.2 Quantification of Phytochemical Usmg rlmetrlc ssa Y”
N

3.8.2.1 Total Phenolic Content (TPC) W é

O L

The total phenolic content agsay c &1% ased on method describes in
é—; A

previous studies (Singleton et al., rasani Esm aeﬂ.\;et al., 2015) with minor
l Q—

modification. Briefly, 2.5 m % a sod carbonate (7.5g in 100ml

distilled water) [Sigma#Aldrich, Germany] into t e followed by adding 2.5 ml of
l

10% Folin- Clocalteau s reagent a@ 5. date fruit extract (20mg/ml). The

mixture was inc 1 tha@2 ho\ lank was prepared by adding of 99.8%
Ca®' @

methanol inst ate fruits ?! A‘ftgr incubated, the absorbance was determined

@

at 760n%@ plat e@mﬁnite M200, Switzerland]. The TPC was then

det om the st nda;:i g;atlon curve (R2 = 0.9242) using Gallic acid as

S rd (0.01-0.2 mg/ml). Th\I‘PC in the extracts was expressed as mg Gallic acid

0 1valent per 100g of dry weight (mg GAE/100 g DW).
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3.8.2.2 Total Tannin Content (TTC)

T

The total tannin content was determined by Follin-Ciocalteu @after
removal of tannin by their absorption to the insoluble matrix Polyvinyl*rrolidone
(PVPP). This method was based on (Kchaou et al., 2013); ImL of?e. fruit extract
(20mg/ml) was added to 100mg of PVPP and incubated for 15 MOC. The mixture
was vigorously shaken and centrifuged for 15min at 13, tel the supernatant

was collected, and non-absorbed phenolic were subjectede, t lWlteu assay

he
for total phenolic content. Results were subtracted fro al phenolic nt}nt_{& total

tannins were expressed as mg GAE/100g dry W?H \‘. \,Y.

X
3.8.2.3 Total Flavonoid Content (TFC%N g\ (‘
The flavonoids content was %ﬂined b \Km u@hloride method using
SN

rutin as a reference compoun%method baseduon <;@/Q-‘ﬂbrmation of a complex
Xim %t

flavonoid-aluminum havin e abso

make the calibration c% ut 5(}) %Ij ga[te@t extract in methanol was mixed

with 500uL of 2% inum

min, and the absorbanee wa ned @bnm by using plate reader . The content

of ﬂavonoiEE %ress i
b g

4



3.8.3 Isolation of Active Compound from Ajwa Dates Extract

3.8.4 Sample preparation \Q
Ajwa hot aqueous dried extract was dissolved in methanol ats%tration
al

500mg/ml. The extracts were filtered using 0.45ul syringe filter and aliquots in 1.5ml

HPLC vials. V

3.8.5 Isolation using Preparative High-Performance uiz ;hr matograph

(Prep-HPLC) \d
[
The isolation of active compound, a arative |scale river Qﬁase
-
chromatography was performed using a C-18 columm¢Zorbax800sb SOthin length
N
adi%&obile phase

ile IOO@Qt a flow rate of

s at 206nm and 320nm. The

and 2.6mm internal diameter. The HPLC J%tio used

consisting of 0.0125% Formic Acid \% aceto

3ml/min for the period of 70 min

gradient was as followed: 0-5% B

» B @in, 25-25%B 4-40 min,

% &&0-65 min, and 5-5% B 65-70

N
min. Each compound iChe fgtion then identified UHPLC-ESI_QTOF-MS /MS
approach. \ l \" ;éjﬂ/
A Q N

25-80% B 40-55 min, 80430%& 6
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3.9 Investigation of Bacterial Morphological Changes via Electron Microscope

X
g

Bacteria were cultured in nutrient broth and incubated uw ing incubator

3.9.1 Scanning Electron Microscopy (SEM)

3.9.1.1 Sample Preparation

at 37°C for 16-24 hours. After incubation, the bacterial su pewwere divided into

.F rlontro , bacterial
harvested by centrifugation and the bacterial palette immediat lyiﬁ\ﬂuﬂn 5%
glutaraldehyde. For treatment, bacterial cells élmrvested us ve
(5000rpm x Smins) and discarded the supernatawﬂen w
added into bacteria palette and further in@or 630

3.9.1.2 Fixation \ \1 "\-\
) N\
- V' S
The samples were ﬁxa& rvest e cellsb

two portions, one portion for control and one portion for tr

>

ﬁrifugaﬁon at 5000rpm for
\1

5 minutes. The supernatant wﬁnovf, andith ba0 palette was fixed using 2.5%
I
glutaraldehyde for 4-6 %t 40(3.\,‘ b 4 %
&
YUY
2.

A ion for 4- ur ples were washed three times with 0.1M
VAN
Sodiufwylate buffer and samgk: were centrifuged at 5000rpm for 5 minutes each.

3.9.1.3 Washi

NV
\r..)

:E 4, Post-Fixation
0& samples then were post-fix in 1% Osmium tetroxide for 2hours at 4°C.
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3.9.1.5 Washing

After post-fixation with 1% osmium tetroxide, cells were WasheL@imes

with 0.1M Sodium Cacodylate with 10 minutes interval. ‘\

3.9.1.6 Dehydration \’z

The cells then dehydrated with a series of acetone K;e' interval (Table

3.1 & Figure 3.7) ‘\d‘

Table 3.1: A series of sample

Concentration
35%

50% \
75%

95%

Figure 3.7: Sample dehydration using a series of acetone.
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3.9.1.7 Mounting and Critical Point Drying (CPD)

T

The cells mounted and fixed on a sheet of aluminum foil, which pre-coa@ egg
white to help the cells to sticks on the surface. The cells were then traﬁkd into the
chamber of Critical Point Machine (CPD) [Leica EM CPDO030, Wetzmarmany] and
the cells let to dry for 90 minutes (Figure 3.8). In the chamber@érc , the acetone was

replaced by liquid carbon dioxide. The liquid carbon dio corverted into gas

N4

whereas leaving the cells in a super dry state.

S

(o\ : :'(J")(J

N

3.9.1.8 {\

’ %
ing, cells were coatb&}mth gold using sputter coater Bal-tec Scd 005 Leica
e 3.9) [Wetzlar, Germany]. Firstly, the chamber was evacuated until it reached a
Gssure of approximately 1x 10-'%m bar. The chamber than was flushed with argon

gas several times. To activate the sputter coating, the start button was pressed, and the

process was stopped when the sputtering time has elapsed.
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Figure 3.10: Viewing sample using Scanning electron microscope in IBS, UPM.
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3.9.2 Transmission Electron Microscopy (TEM)

3.9.2.1 Sample Preparation \z

Bacteria were cultured in nutrient broth and incubated using shakm?mcubator

at 37°C for 16-24 hours. After incubation, the bacterial suspensions Ee divided into

two portions, one portion for control and one portion for treatm: control, bacterial
harvested by centrifugation (5000rpm x 5Smins) and the b i palitte immediately
fixed using 2.5% glutaraldehyde. For treatment, bacteria Qed%ing
centrifugation (5000rpm x S5mins) and discar super ta T‘len\c&tracts
(500mg/ml) then was added into bacteria palet rth ed foNgilours

3.9.2.2 Fixation \%V 1 6
YN A
The cells were harvested b fugati @rlate quantity of horse
5

&
blood serum was added to sub, ¢ the s les. Thé sagb was allowed to clot, and
g

the clotted samples were d1w lm,n Then fixedwyith 2.5% glutaraldehyde for 4-
[
6 hours at 4°C. % 0'
3.9.23 Washl Q
!

n fo 4- IS, cd_lg were washed three times with 0.1M Sodium
Cacodf er W\{h pute e interval.

)
\r..?

/

Post-Fixation

The cells then postfix in 1% Osmium tetroxide for 2hours at 4°C.
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3.9.2.5 Washing

After post-fixation with 1% osmium tetroxide, cells were WasheL@imes

with 0.1M Sodium Cacodylate with 10 minutes interval. ‘\

3.9.2.6 Dehydration \’z

The cells then dehydrated with a series of acetone at 10 m ctervlll (Table 3.2)

2N

Table 3.2: A series of sample dehy in acgton ’ _\‘*}

Concentration
35%
50%

o (,\)/
95% \

100% % >

<>

3.9.2.7 Infiltration \ Aj
A

The samples were in tratioq' 0% %ﬂone and resin mixture accordingly

(Table 3.3) &\ Q

N
\ § | (')(J
P 4
3.3: Infiltrati ﬁﬂ\&lﬂbs with acetone and resin mixture
Adoiye
1

t Eesiné Time

»

1: 1 hour

1:3 N 2 hours

\ 100% Resin Overnight
0 100% Resin 2 hours
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3.9.2.8 Embedding

Yw

After infiltration, samples were placed into a beam capsule and f@}wnh

resin. .\

3.9.2.9 Polymerization

4

Samples in beam capsule were polymerized in an o t:OOC or 24-48 hours.

3.9.2.10 Thick Sectionin ’
g 4
1S
Thick sectioning was performed by cut the sa n? thi cti SY' This was

Y'

performed using a glass knife maker and mi oto [JOEL, Japan]r The sections

_,Q

then were placed onto a glass slide aﬂ\ with toluidifie bl@ he sections were

dried on a hot plate and stain Was . These % 'e*ammed under a light
microscope to select an interesti A’j 6
3.9.2.11 Ultrathin sect onIY' ' é\

Ultrathin sectiens were a sele area of interest and cut for ultrathin
sections. The thi of s as de ned by the colour of sections floating in

the boat. T 'btlon ppea ﬁut;;a gold while the ultrathin section appeared

N
silver. Thesilver cold ons vé}e pick up onto the bright surface of the copper

griQ N
3
0 Sections on the copper grid were stained in Uranyl acetate for 15 minutes and

washed with double distilled water. The copper grid then immersed in the lead stain for
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10 minutes following washing with double distilled water and let dry with a piece of

3.9.2.13 TEM Viewing T

The samples were viewed using a JOEL JEM-210F transmiSSIon elé€tron microscope

filter paper.

(Figure 3.11)[JOEL Japan]

éxre 3.11: Viewing Transmission Electron Microscope (TEM) in IBS, UPM.
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3.10 Statistical Analysis

Samples were tested in triplicate. Data were expressed as mean (+ standard %Qon;.
Error bars represent Standard deviation (SD). Statistical analysis was dOS% raph

Pad Prism version 6.0 for Mac, Graph Pad Software, San Diego Califérnia USA

(www.graphpad.com). Data were subjected to Kruskal-Wallis one-zy analysis of

variance, and significant results were subjected to post-hoc (Dunn test) for

multiple comparisons. The correlation between antibacteria anli phytochemical

contents (TPC, TFC, and TTC) were evaluated by Spearm rrelation g:ie%lest.

. . ) | &
All data with p-value of < 0.05 were considered s cally significant’ -

) X
\’Y' o, i\s





