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I. Experimental Section

1. Preparation of aqueous cogon grass extracts

To compare the reducing ability of cogon grass extract for the synthesis of CGE-
mediated AgNPs, three extraction methods, including decoction, fresh leaves extraction,
and sonication extraction were performed. Aqueous decoction extract of cogon grass was
prepared by boiling the solution comprised of 1g of dry plant material with 50 mL DI at 70
°C for 30 min under magnetic stirring. To prepare fresh CG leaves extraction, 1 g of
chopped fresh CG leaves was aged with 50 mL DI and blended with a blender for 3 min at
room temperature (RT). A modified sonication method was adopted to prepare aqueous
sonicated CGE by using 1 g of dry cogon grass power with 50 mL of DI using an
ultrasonicator bath (Branson Ultrasonic, Brookfield, Connecticut, USA) for 50 min at RT.
All the extracts were filtered through Whatman No.1 filter paper and kept at 4 °C before

use.

2. Total phenolic assay and Total flavonoid assay of CGEs

5 mL of the as-prepared cogon grass extract, including A-DE-, A-BL-, E-DE-, and E-
BL-CGE was dried using a speed vac for 6 hr, respectively. 2 mg of each extract pellet was
dissolved in 1 mL of methanol and sonicated for 45 min at RT. After centrifugation at 1000
g for 10 min, the clear supernatant was collected and stored for the following assay analysis.
The total phenolic content (TPC) was determined by the Folin-Ciocalteu assay’ 2. An
aliquot (0.08 mL) of CG extracts and standard gallic acid solution (5- 500 pg/mL) were
mixed with DI (0.24 mL) and 0.08 mL of Folin-Ciocalteu’s phenol reagent, respectively.
After 5 min incubation, 0.4 mL of saturated sodium carbonate solution (8 % wi/v in water)

was added and the volume was made up to 1.2 mL with DI. After incubation for 30 min in
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the dark at RT, the absorbance at 765 nm was recorded. TPC value for each CGE was

expressed as mg Gallic acid equivalents (GAE)/g of dry plant material.

The total flavonoid content (TFC) was measured by the aluminum chloride (AICl3)
colorimetric assay. An aliquot (0.5 mL) of extracts or standard solutions of quercetin (5-
250 pg/mL) was mixed with 0.5 mL of 2 % AICls solution. After incubated for 60 min at
RT, the absorbance at 430 nm was measured. TFC value was expressed as mg quercetin

equivalents (QE)/g of dry plant material .3

3. DPPH free radical scavenging assay

The DPPH free radical scavenging assay for the AgNPs was performed according to a
reported method with some modifications *. An aliquot of 200 L of various concentrations
of CGE-mediated AgNPs (125, 250, and 500 pg/mL) in ethanol was mixed with 200 uL of
0.04% (w/v) DPPH in ethanol solution and kept in the dark for 30 min at RT. The
absorbance was measured at 521 nm against a control group of 0.02% DPPH ethanolic
solution. The DPPH free radical scavenging activity was calculated using the following

equation.
DPPH scavenging effect (%) = [(Ao—Ar)/Ao] x 100%
While Ao and At are the absorbance of the control and the analyte, respectively.

4. Detection of Ag ions released from CGE-AgNPs
200 ppm A-DE- and A-BL-AgNPs were first resuspended in deionized water. After
incubation for 0.5, 1, 3, 6, and 24 h, 5 mL of the CGE-AgNPs solution was collected and

subsequently centrifuged at 15,000 g for 20 min. The supernatant solutions were harvested
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and diluted with nitric acid (5M) to measure Ag" concentrations and measured in triplicates

(n=3) through the atomic absorption spectrophotometry (AAS)?

5. Minimum inhibitory concentration and zone of inhibition test

The zone of inhibition test was done against three bacterial strains, including
Escherichia coli (E. coli), Pseudomonas aeruginosa (P. aeruginosa), and Staphylococcus
aureus (S. aureus) using the standard disc diffusion method® 7 The new bacterial culture
was cultured in Luria-Bertani medium (LB broth). Three above-mentioned bacterial strains
were separately swabbed onto the LB agar plates with the help of sterile cotton swabs. 10
uL of CGE-mediated AgNPs solution (4 mg/mL) was poured onto the dishes. After
incubation at 37 °C for 24 h, a diameter of zone of inhibition for CGE mediated AgNPs
against three tested bacteria was measured. Colistin was used as a positive control in this
study.

The antibacterial activities of the biosynthesized AgNPs were tested in triplicates
using the micro-broth dilution method to determine the minimum inhibitory concentration
(MIC) values against bacteria. Three non-drug resistant Gram-negative and one Gram-
positive bacteria, such as E. coli, P. aeruginosa, A. baumannii, and S. aureus, as well as
drug-resistant bacteria, including colistin- and imipenem-resistant A. baumannii, were
selected, respectively. Various concentrations of CGE-mediated AgNPs (1-64 pg/mL, 100
nL) were incorporated with 100 pL of tested strains of bacteria (108 CFU/mL) in Mueller-
Hinton broth (MH broth) at each well of the 96-well microplate and incubate at 37 °C for
18 h. The MIC value is defined as the lowest concentration of NPs where no visible
bacterial growth is observed or measured spectrophotometrically at 600 nm. Gallic acid-

mediated AgNPs were prepared following the previously reported control®.
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6. Time-dynamic antibacterial test
The antimicrobial activity of A-BL-AgNPs was evaluated using a time-dynamic
antibacterial assay at various incubation times. E. coli and S. aureus cells (107 CFU/mL)
were respectively treated with 8 or 16 ug/mL of A-BL-AgNPs in phosphate-buffered saline
(PBS) buffer. In the absence of A-BL-AgNPs, a bacterial control group of E. coli and S.
aureus was cultured. To assess the survival rate (%) at each time point, bacteria were taken
from 0 to 4 h, diluted, and cultivated on LB plates® (n=3).
7. Reactive oxygen species measurement
Reactive oxygen species (ROS) were measured for the bio-synthesized AgNPs
according to previously reported literature with slight modification '* !!. Briefly, E. coli
(5x107 CFU/mL) were first incubated with 80 ng CGE-mediated AgNPs for 2 h. Then, the
mixtures were washed twice with PBS and incubated with 25 uyM 2', 7’-
dichlorofluorescein-diacetate (DCFH-DA) for 30 min. After washing with PBS twice, the
microscopic images were taken using an Olympus [X71 microscope (Tokyo, Japan) with
a SPOT RT3 digital camera. The fluorescence images of DCFH-DA-labeled bacteria were

recorded with the excitation at 510-530 nm.

8. Electron microscopy measurement

Samples containing 10° CFU/mL of E. coli in MH broth were incubated with CGE-
mediated AgNPs (20 pg) at 37 °C for 30 min. The bacterial cells were added with
phosphate-buffered saline (PBS, pH 7.4) as control cells in the study. The treated cells were
fixed using 2.5% (w/v) glutaraldehyde in 0.1 M cacodylate buffer and 1% tannic acid at 4
°C for 1 h and washed twice with DI and PBS, prior to dehydrating using anhydrous ethanol.

After drying and coating with gold, bacterial cells were observed using the Hitachi S-4700
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scanning electron microscope (Tokyo, Japan). To further capture the transmission electron
microscopy images of bio-synthesized AgNPs treated with E. coli, a drop containing the
bacteria and AgNPs was deposited onto a carbon-coated copper grid and dried in the air
before examining using the H-7500 TEM)!2 13,

9. In-vitro Hemolysis assay

The hemolytic activity of the CGE-mediated AgNPs toward human red blood cells
(RBCs) was investigated according to a reported protocol with some modification'! 2,
Briefly, freshly harvested RBCs were first centrifuged with 3500 g at 4 °C for 10 min and
washed with 10 mM PBS buffer three times. Next, 500 uL of 4% erythrocyte suspension
was mixed with 50 uL of AgNPs (31.25-4000 pg/mL) and incubated at 37 °C for 1 h. After
centrifugation at 3500 g for 10 min, 200 pL of the resulting supernatant was transferred
into the 96-well plate, and optical density at 600 nm was recorded. Finally, 0% and 100%

lysis efficiency were determined by incubating the RBCs with 10 mM PBS and a 0.1%

(v/v) Triton X-100 solution.

10. Examination of putative phytochemicals in CGEs by high-resolution LC-MS

Identification of potential chemical constituents in all the four types of CGEs was
performed with a Shimadzu 9030 liquid chromatography coupled to a quadrupole time-of-
flight mass spectrometry (LC-QTOF-MS) system with an ESI source, which was equipped
with LC-30AD binary pumps, SIL-30AC auto-sampler, and CTO-20AC column heater.
Both positive and negative ionization modes were performed. Instrument control and data
analysis were carried out using a Shimadzu Lab solution V5.97.1 software. The
chromatographic separation was performed using a Fortis Cig analytical column (100 mm

x 2.1mm, 5 um) as a stationary phase and maintained at 40 °C, whereas the mobile phase
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consisted of DI with 0.1 % formic acid as solvent A and methanol with 0.1% formic acid
as solvent B, respectively. 5 uL of each sample was injected with a 22 min analysis time.
The instrumental setting was used as below: flow rate of nebulizing gas at 3.0 L/min,
heating gas at 10.0 L/min, drying gas flow at 10.0 L/min, and inference temperature of 300
C. Putative bioactive compounds in the CGEs was identified by using the Lab Solutions
Insight MS library software and previously reported pieces of literature with £ 5 ppm mass

error tolerance.

11. LDI-mass spectrometric analysis of bio-synthesized Ag NPs

LDI mass spectrometric spectra of purified GA-AgNPs and A-BL-AgNPs (40 ug each)
were recorded by using an AXIMA Performance MALDI TOF-TOF Mass Spectrometer
(Shimadzu Corporation, Kyoto, Japan), respectively. The samples were irradiated with a
337 nm nitrogen laser at 10 Hz. lon source, lens, and linear detector voltage were set at
20.0 kV, 6.0 kV, and 2.8 kV, respectively. Mass spectra were acquired in the reflectron
negative mode with 100 laser pulses from random positions on the same sample spot. Mass
spectrometry was calibrated with 10 nm gold nanoparticles using the signals from the Au

clusters ([Aun]*; n = 1-3).
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Fig. S1. (A) UV-Vis absorption spectra of A-FR-AgNPs and A-SO-AgNPs. (B) The
diameter of the zone of inhibition (mm) produced by CGE-mediated AgNPs against three

different bacteria.

S10



Effect of temperature for the preparation of A-BL-AgNPs

Taking into consideration that the blended extraction method using dry CG leaves is a
much more time-saving and efficient technique, the formation of AgNPs using A-BL-CGE
at different reaction temperature were investigated. As shown in Fig. S2A, UV-Vis spectra
of purified A-BL-AgNPs obtained at RT, 60 °C and 100 °C showed maximum absorbance
at 434 nm, 436 nm, and 432 nm respectively. A visible color change occurred while the
reaction temperature was set at RT for 11 hr, whereas the formation of A-BL-AgNPs at 60
°C and 100 °C was completed at 15 and 10 min, respectively. Both AgNPs were prepared
at RT and 60 °C are stable in DI for a week, whereas A-BL-AgNPs acquired at 100 °C are
easy to aggregate once the reaction solution was cooled down. In addition, the bar plot from
the agar diffusion test (Fig. S2B) reveals that the A-BL-AgNPs synthesized at 60 °C

possess superior antibacterial activity against all three tested bacterial strains.
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Fig. S2. (A) UV-Vis spectra and (B) Plot of inhibition zone (nm) for the A-BL-AgNPs

were prepared at RT, 60 °C, and 100 °C, respectively.

SI11



Effect of plant material concentration for the preparation of A-BL-AgNPs

To further understand the impact of CGE concentration on the formation of AgNPs,
aqueous blended CGEs were first prepared with four different dried CG powder/DI weight
ratios, including 0.5 (0.5%), 1 (1x), 2 (2x), and 5 (5x) grams of dry CG leaves and 50 mL
DI, respectively. A-BL-AgNPs were synthesized by mixing 10 mL of as-prepared A-BL-
CGEs with 5 mM of AgNOs solution (90 mL) and incubated at 60 °C for 15 min. These
purified Ag nanomaterials were named A-BL-AgNP-0.5x, A-BL-AgNP-1x, A-BL-AgNP-

2x, and A-BL-AgNP-5x, respectively.

As shown in Fig. S3A, UV-Vis spectra of purified AgNPs made from 0.5x A-BL-
CGE show a characteristic peak at 432 nm, whereas A-BL-AgNP-1x and A-BL-AgNP-2x
show SPR peak at 436 nm and 440 nm respectively. Besides, a broader absorption peak at
460 nm for A-BL-AgNP-5x was observed. Among these four AgNPs, A-BL-AgNP-0.5x
and A-BL-AgNP-1x are well-dispersed in DI for 1 week, whereas A-BL-AgNP-2xand A-
BL-AgNP-5x were aggregated as soon as the reaction solution was cooled down to RT.
Besides, Fig. S3B displays that A-BL-AgNP-1x provides the maximum zone of inhibition

effectiveness against E. coli, P. aeruginosa, and S. aureus, respectively.
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Fig. S3. (A) UV-Vis spectra and (B) The diameters of the agar diffusion test for the A-BL-

AgNPs were prepared using A-BL-CGEs with different CG concentrations.
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Fig. S4. Zeta potential images of (A) A-DE-AgNPs, (B) A-BL-AgNPs, (C) E-DE-AgNPs,

and (D) E-BL-AgNPs.
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Fig. S9. (A-E) Bright-field and (F-J) fluorescence images of E. coli incubated with (A, F)
A-DE-AgNPs, (B, G) A-BL-AgNPs, (C, H) E-DE-AgNPs, (D, 1) E-BL-AgNPs, and (E, J)

untreated bacteria after DCFH-DA treatment.
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Fig. S10. Hemolytic activities of CGE mediated AgNPs against human RBCs.
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Table S1. Comparison of MIC against E. coli strain between AgNPs synthesized

using different plant extracts and our method.

Particle size MIC
Plant mediated AgNPs Reference
(nm) (ug/mL)

Pu-erh tea 4.06 7.8 14
Murraya koenigii 5-20 16 15
Alpinia katsumadai 12.6 20 16
Lavandula intermedia 12.6 15 17
Punica granatum 15 30 18
Abelmoschus esculentus 16.9 65.5 19
Equisetum arvense 18 64 20
Vaccinium corymbosum 20 8.2 21
Cestrum nocturnum 20 8 22
Camellia Sinensis 34.68 15 23

A-BL-AgNPs 28.0 +4.7 4 Our study

E- BL-AgNPs 20.1+£5.5 16 Our study

S21



Table S2. Positive ionization mode LC-MS analysis reveals the 20 most abundant putative

phytochemicals detected in aqueous blended CGE.

Mass
RT Exact Found
No Identified Compound Formula Error Ref
(min) m/z (Da) m/z (Da)
(ppm)
1 ;Shg]zgﬂ;zwgra”osy"4'meth‘ 496 369.1186 369.1180 CiHxOs  -15 24
2 4-acetyl-2-methoxyphenol 5.85 167.0708 167.0703  CgH1003 -3.1 25
3 Impecyloside 6.18 721.2344 721.2338 CasH4oO17 -0.8 24
4 Chlorogenic acid 6.46 355.1029 355.1024 Ci6H1809 -14 26
5  p-vinyl guaiacol 6.98 151.0759 151.0754  CgH100> 33 25
6 Graminone B 7.04 403.1393 403.1387 CxH20s -1.5 24
7 Acetoveratrone 7.45 181.0865 181.0859  CioH1.0s3 31 25
8  Vanillic acid 7.69 169.0501 169.0495  CgHgOs -35 25,26
9 é{fﬁé{‘ﬁﬂ%ﬁ%ethanone 819 197.0814 197.0808 CiHiOs 30 25
10  Vanillin 8.38 153.0552 153.0546  CgHgOs -3.7 25,26
11  Imperanene 9.18 331.1545 331.1540 Ci9H20s -1.6 26
12 Ferulic acid 10.79 195.0657 195.0652 CioH1004 -2.7 25
13  Tabanone 11.00 191.1436 191.1430 Ci3Hi1s0 -3.1 26
14 Cylindrene 12.24 233.1542 233.1536 CisHx0O> -2.4 26
15 4’-hydroxy-5-methoxy flavone 12,66 269.0814 269.0808 CigH1204 -22 27,28
16  2,4-di-tert-butylphenol 13.91 207.1749 207.1743  CuH20 -2.8 25
17 Linoleic acid 14.69 281.2480 281.2475 CigH30; -1.9 25
18 Simiarenol 16.06 427.3940 427.3934  CszoHs50 -1.3 28
19 Caffeic acid 16.38 181.0501 181.0495  CgHsOs 32 26
20  Arundoin 18.00 441.4096 441.4091 CsHsO -1.2 28
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