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S 2.1. Bacteria preparation
Experimental

Bactericidal experiments using NSs were performed on Gram-negative-Escherichia coli (E.
coli- ATCC 25922) (DH5a), Gram-positive-S.aureus (SA-29213 ATCC, partially antibiotic-
resistant) and wild-type antibiotic-metal-resistant bacteria wtKARBJ1. We selected the model
organisms of E.coli, S.aureus, and wtK ARBJ1 bacteria as they were intrinsically resistant to
almost all clinically relevant antimicrobial agents and have the capacity to accumulate and
transfer resistant genes, primarily through horizontal gene transfer. > Studies were conducted
using different water sources, namely, nutrient media, tap water, kitchen wastewater, and river
water. These water samples were chosen to mimic different water ecosystems: nutrient broth
represents the pre-enrichment food source for microorganism to thrive in water, tap water
(collected in IITK campus) represents the main source of drinking water in the community that
is supplied after primary water treatment, kitchen wastewater (collected in IITK campus)
represents domestic wastewater that contains pollutants such as food particles, oil, salts, soap,
detergents, metals, grit, and sand, and finally, river water (collected from the Ganges) represents
the direct and natural source of potable water. Each of the water samples were tested using
basic characterization methods for their turbidity, colour, odour, total dissolved solids, and pH.
To remove the effect of contaminants on the experiments, all the above water samples were
filtered and autoclaved before preparing stock cultures, and then the bacterial strains that were
grown on an LB agar plate were added to them. A fresh colony was inoculated in test tubes
containing 5 ml LB nutrient media. The test tubes containing bacteria were kept in a cell culture
environment (5 % CO,, 37 °C) under shaking condition at 250 rpm for 16 h. After inoculation,
the bacterial culture solution containing approximately 5 x 108 CFU ml! were grown separately
in conical flasks containing LB growth medium. For collecting bacterial strains, the stock
culture was centrifuged (3000 rpm for 15 min) and the pellets were washed three times with
sterilized PBS solution (pH 7.4) to remove the residual LB growth medium. The bacterial
suspension was dispersed separately in the aforementioned four types of water in test tubes.
Starting bacterial concentrations of ODgyo = 1 and 1.5 were used for all the microbiological

studies. Before performing any experiments, all the glasswares were sterilized in an autoclave.
S 2.2. Inhibitory effect of FATCNS on bacteria

Experimental
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Bacterial concentration was adjusted using LB to the desired density, ODg (1 and 1.5). Further
(10 ml) aliquots of this bacterial suspension were prepared in different test tubes. To investigate
the MIC of NSs and NPs, different concentrations of NSs (20, 40, 60, 80, 100, 120, 140, 160,
180, 200, 220, 240, 260, 280, 300 pg ml") and NPs (200, 400, 600, 800, 1000, 1200, 1400,
1600, 1800, 2000, 2200, 2400, 2600, 2800, 3000,3200,3400,3600 pg ml!) were added into the
above test tubes and the final volume was maintained at 10 ml. Test tubes containing LB (10
ml) with only bacteria were used as controls. All the control and treated culture suspensions
were incubated in a shaking incubator at 37 °C and 200 rpm. After incubation, the MIC was

determined by measuring the absorbance of a bacterial suspension at ODgy.
Results

The antibacterial activity of FATCNS is determined by treating different water samples, i.e.,
LB (turbidity: OD@600nm = 0.2, odour: moldy, TDS: 0.6 mg L-!, pH: 7.2), River Ganges water
(turbidity: OD@600nm = 1.08, odour: earthy and mushy, TDS: 0.8 mgL-!, pH: 4.8), tap water
(turbidity: OD@600nm = 0.002, odour: NA, TDS: NA, pH: 8.1), and kitchen wastewater
(turbidity: OD@600nm = 1.38, odour: fishy, TDS:1.94 mg L-!, pH: 8.1) containing two
different concentrations of E. colii wtKARBJland S.aureus. The minimum inhibitory
concentration (MIC) of FATCNS is evaluated by measuring the absorbance at ODg of treated
water samples containing bacteria for 16 h under shaking conditions. Similar experiments are
conducted to determine the MIC of Fe;04 NPs. The results are presented in SI-2 Figure 1,
showing the comparison of a broad range of antibacterial abilities of NSs and NPs towards
bacteria in water samples. The OD of the samples treated with NSs decreased rapidly over the
first few minutes following treatment and remained unchanged thereafter (as will be discussed
later). Consequently, for NSs, only the OD measurements after 6 h post-treatment is presented.
The MIC of FATCNS (SI-2 Figure 1) against E.coli observed 6 h after treatment with initial
ODgpo=11is 60 pug (10 ml-") and with initial ODgpp= 1.5 is 100 ug (10 ml-"). The Fe;04NPs did
not significantly affect E.coli over 6 h post-treatment (SI-2 Figure 1). However, a decrease in
absorbance is observed at the 16™ hour. Based on the OD measurements after 16 h, the MIC of
Fe;04NPs for E.coli with initial ODggo= 1 is 1600 pg ml-'and with initial ODggo= 1.5 was 2200
ug ml-'. The above observations suggest that the antibacterial activity of FATCNS is rapid and
effective compared to Fe;04 NPs at both concentrations of E.coli studied. It should also be
noted that the amount of NSs required to stunt the growth of E.coli is significantly lower than
the NPs. The antibacterial effect of FATCNS on wtKARBJ1 was rapid and noticeable in all

water samples except tap water (please refer to Table SI-2.1). The reduction in turbidity was



detectable in LB after 1 min of FATCNS addition. The MIC of FATCNS for inhibition of
wtKARBJ1 with ODggo= 1 is 80 pg (10 ml!) and with initial ODggo= 1.5 is 220 ug (10 ml").
The Fe;04 NPs show inhibition of wtKARBJ1 with 2200 pg ml-!' and 2800 ug ml! to stunt the
growth at ODgoo = 1 and 1.5, respectively after 16 h. The MIC is determined for inhibition of
S.aureus using FATCNS (SI-2 Figure 1) with ODggo= 1 was 20 ug (10 ml!) and initial ODgq
= 1.5 was 60 pg (10 ml'). There is no significant effect on S.aureus at the initial 6 h on the
growth of bacteria using 3000 pug (10 ml-") Fe;O4 NPs in any water samples. Because of nano
size, and numerous adsorption sites on the surface of the multi-layered NSs, the adsorption, the
interaction between the cell membrane and NSs, and cellular uptake of NSs rapidly increased.

This resulted in cellular death and inhibition of bacterial growth.

Table S 2.1. MIC (ug ml!) of FATCNS and Fe;O4 NPs experimented on E.coli in different

water samples.

MIC [pg ml!] Tap Ganges river Kitchen
water water wastewater
E.coli [abs.1,6 h] [FATCNS] 6.00 <2 16.00
E.coli [abs.1.5, 6 h] [FATCNS] 14.00 2.00 18.00
E.coli[abs.1,16 h] [Fe;O4 NPs] 220.00 160.00 180.00
E.coli[abs.1.5,16 h] [Fe;O4 NPs] 280.00 240.00 260.00
wtKARBJ1J1 [abs.1,6 h] [FATCNS] 14.00 4.00 8.00
wtKARBJ1J1 [abs.1.5, 6 h] [FATCNS] 22.00 6.00 18.00
wtKARBJ1J1 [abs.1,16 h] [Fe;04 NPs] 260.0 300 300.0
wtKARBJ1J1 [abs.1.5,16 h] [Fe;04 NPs] 220.0 140.0 220.0
Staphylococcus aureus [abs.1, 6 h] [FATCNS] 4.00 <2.00 4.00

Staphylococcus aureus [abs.1.5, 6 h] [FATCNS] 2.00 4.00 4.00
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Figure. S 2.1. MIC of FATCNS and Fe;O4 NPs experimented on (A) E.coli (B) wtKARBJ1
and (C) S.aureus. Measurements of absorbance at ODgy, of LB media were treated with
different NS and NPs. Data were recorded for initial ODgo=1 and 1.5 after post-treatment hours

with NS/NPs.
S 2.3. FATCNS as Bactericides
Experimental

The Gram-negative bacteria Escherichia coli (DH5a), the Gram-positive bacteria S.aureus, and
the antibiotic-metal resistant bacteria wtKARBJ1 were used as model organisms to calculate
the minimum inhibitory concentration (MIC) and evaluate the microbial bactericidal
concentration (MBC) of the two NAs — FATCNSs and Fe;O4 NPs. Before the experiments, the
tap water, river water and kitchen wastewater were autoclaved, and the absorbance of the
bacterial suspension was maintained at 1 and 1.5 at ODgqo. For MIC, the standard procedure
described in Singh et al.® was followed with certain modifications. The methods used for, and
the results of, the MIC experiments are discussed above. To study the survival rate of bacteria
after the treatment with FATCNS and Fe;O4 NPs, the MBC was evaluated using the MIC (£20)
of NSs and NPs. NSs and NPs at fixed concentrations were added to the bacterial cultures and
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the suspensions were incubated in a shaking incubator for 24 h at 37 °C and 200 rpm. The
absorbance of the suspensions was measured and used to calculate the survival rate of bacteria

using the following equation.

. Absorbance of treated cells
Survival rate(%) = x 100
Absorbance of control cells

(1)
The MBC determined was used as the optimized dosage to study the bacterial removal and

recycling efficacy of FATCNS and Fe;O4 NPs in further experiments.

Results

The observed survival rates of bacteria treated with FATCNS and Fe;O4 NPs are compared to
the control bacteria at 6™ h and are presented in SI-2 Figure 2. For both the NAs, the MBC is
approximately equal to MIC (For MIC refer above). For an initial bacterial concentration of
ODggo = 1.5 in LB, the MBCs of FATCNS for E.coli, wtKARBIJ1 and S.aureus are 100 pg (10
ml!), 220 pg (10 ml') and 60 pg (10 ml!), respectively. The calculated survival rates for
E.coli, wtKARBIJ1 and S.aureus are 16 %, 26 % and 4.42 % (which in turn show 84%, 74%
and 96% cellular death), respectively. The corresponding values of MBC for Fe;O4 NPs are
substantially higher and result in significantly lower inhibition even after 16 h of observation.
The MBCs of Fe;04 NPs for E.coli, wtKARBJ1 and S.aureus are 2200 ug ml!, 2800 ug ml-!
and 3000 pg ml!, respectively, with more than 50 % survival rate at the end of 6 h of
observation. For other water samples too, the MBC evaluated for FATCNS is lower than that
for NPs.It can be seen from SI-2 Figure 2 that FATCNS show stronger bactericidal ability in
river water and tap water when compared to that in kitchen wastewater and LB. To the best of
our knowledge, the MBC values of FATCNS reported in this study are much lower than any
antimicrobial NAs and functionalized magnetic NPs. For instance, Singh et al. reported that 0.1
mg ml"!' of dendritic magnetic NPs are required to inhibit 73 % of E.coli at 6 h. ¢ In another
study, Kawashita et al. 7 reported that the MBC for commercially available antibacterial
particles is 800 ug ml-!, while the magnetic NPs do not show any antibacterial activity even at
a concentration of 1000 mg ml!. FATCNS also show MIC lower than that of the NPs in all
water samples. The data from previous studies are compared to the present data in Table SI-
2.2, where one can see that the FATCNS work more efficiently than other NAs used in water

remediation.
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re. S 2.2. The effect of MBC of FATCNS (concentration less than 250 pg (10 ml')) and Fe;O4

NPs (concentration less than 3200 pg (10 ml')) on the survival rate of bacteria with initial

ODgpo=1.5 at the end of 6 h at pH 7.4. The survival rate of S.aureus is significantly reduced by

the NSs compared to the control cells and other cells.

Table S 2.2. Comparison of the bacterial removal efficiency (RE) of FATCNS with that of

other NAs.
NPs Clpgmi'l | mTiin] ﬁfl lelte‘;;t(i)‘(’i“ Bacteria Study
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This study

Cy and T; are the concentration and time required for the removal of bacteria
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