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Figure S1. Physiochemical properties of synthesized CPP
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Table S1. Related areas and retention times of all present ingredients and impurities of CPP
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Table S2. Detailed information of the synthesized CPP (LC-MS analysis).
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Table S3. In vitro VAN release using UV-vis spectrophotometry.

Entry Medium (pH) Time (min) Aa* (a. u.)

1 Acetate buffer 0.1 M (5.6) 15 0.198

2 Acetate buffer 0.1 M (5.6) 30 0.322

3 Acetate buffer 0.1 M (5.6) 60 0.41

4 Acetate buffer 0.1 M (5.6) 120 0.396

5 Acetate buffer 0.1 M (5.6) 180 0.382

6 PBS 0.1 M (7.2) 15 0.09

7 PBS 0.1 M (7.2) 30 0.213

8 PBS 0.1 M (7.2) 60 0.315

9 PBS 0.1 M (7.2) 120 0.376

10 PBS 0.1 M (7.2) 180 0.418

11 PBS 0.1 M (7.2) 240 0.416

12 PBS 0.1 M (9.0) 15 0.191

13 PBS 0.1 M (9.0) 30 0.346

14 PBS 0.1 M (9.0) 60 0.414

15 PBS 0.1 M (9.0) 120 0.412

16 PBS 0.1 M (9.0) 180 0.402
aUV-vis absorbance at 220 nm, *all samples were diluted 1/100 with  medium.
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Figure S2. UV-vis spectra of fuchsin and crystal violet for cell staining.



S7

Figure S3. Photoluminescence (PL) spectra of MCCC@VAN.
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Figure S4. TGA curves of Fe3O4/SiO2/PVA/SH (4) and Fe3O4/SiO2/PVA/SH-12%VAN (5)
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Figure S5. TEM images of the internalized MCCC@12%VAN NPs into the: S. aureus cells after 30 

(a) and 180 min (b), and E. coli cells after 30 (c) and 180 min (d) [dark particles are likely co-localized 

and attached onto the surface of the bacteria cell, and light particles have been internalized]. In the 

image (d) particle accumulation has also been occurred in some areas.
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Statistical study and estimation of the errors and standard deviations for OD experiment:

To perform a statistical assessment for OD experiment, three identical samples of each condition 

(totally nine conditions) were tested using a 96-well plate via incubation at 37 oC, for 30, 60, and 180 

min (see figure below). In this regard, standard deviation and OD error were calculated and reported in 

Table S4 and S5.
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The calculation methods for standard deviation and the errors are explained below:

 Standard deviation for each condition has been obtained by excel software.

 To obtain error for each condition, the average OD value for three wells was calculated and the 

absolute error (±) was obtained using maximum and minimum values of OD (see following 

figure). For instance, for S. aureus (control) after 180 min incubation OD values for three identical 

samples are as below:

Standard deviation (calculated by excel software) = 0.0025

Absolute error = ±(ODmax – ODmin / 2) = ±0.0025

Relative error = absolute error / real value = 0.0025 / 0.203 = 0.012

%Relative error = (absolute error / real value) × 100 = 1.23%

Then, cell-killing potency (%CKP) of each sample is calculated by the following equation:

%CKP = - (A/A0 – 1) × 100

Whereas, A is UV-vis absorbance of the desired sample, and A0 is the UV-vis absorbance of the 

control (S. aureus and E. coli) at each time (30, 60, and 180 min).
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Table S4. Statistical data of OD experiment on S. aureus cell line.

Time 
(min)

Conditions OD a (a.u.) STDEV b %Rel. E c CKP d (%)

S. aureus (control) 0.067 0.003 4.4 -
S. aureus + MCCC (0.04 mg/mL) 0.064 0.004 6.2 4.5
S. aureus + CPP (0.04 mg/mL) 0.062 0.005 8.0 7.5
S. aureus + VAN (0.0048 mg/mL) 0.055 0.005 9.0 17.9
S. aureus + VAN (0.04 mg/mL) 0.038 0.006 17.1 43.3
S. aureus + Fe3O4/PVA@12%VAN (0.04 mg/mL) 0.052 0.003 5.7 22.4
S. aureus + MCCC@12%VAN  (0.01 mg/mL) 0.05 0.003 6.0 25.4
S. aureus + MCCC@12%VAN  (0.025 mg/mL) 0.017 0.003 20.5 74.6

30

S. aureus + MCCC@12%VAN  (0.04 mg/mL) 0.012 0.003 25 82
S. aureus (control) 0.167 0.003 2.0 -
S. aureus + MCCC (0.04 mg/mL) 0.159 0.004 2.5 4.8
S. aureus + CPP (0.04 mg/mL) 0.149 0.002 1.7 10.8
S. aureus + VAN (0.0048 mg/mL) 0.12 0.002 2.0 28.1
S. aureus + VAN (0.04 mg/mL) 0.036 0.004 11.1 78.5
S. aureus + Fe3O4/PVA@12%VAN (0.04 mg/mL) 0.05 0.003 6.0 70
S. aureus + MCCC@12%VAN  (0.01 mg/mL) 0.041 0.002 6.2 75.5
S. aureus + MCCC@12%VAN  (0.025 mg/mL) 0.016 0.002 15.6 90.4

60

S. aureus + MCCC@12%VAN  (0.04 mg/mL) 0.015 0.003 23.3 91
S. aureus (control) 0.203 0.002 1.2 -
S. aureus + MCCC (0.04 mg/mL) 0.19 0.015 7.8 6.4
S. aureus + CPP (0.04 mg/mL) 0.181 0.003 1.6 10.8
S. aureus + VAN (0.0048 mg/mL) 0.14 0.002 1.7 31.0
S. aureus + VAN (0.04 mg/mL) 0.023 0.002 17.4 88.7
S. aureus + Fe3O4/PVA@12%VAN (0.04 mg/mL) 0.043 0.002 5.8 78.8
S. aureus + MCCC@12%VAN  (0.01 mg/mL) 0.029 0.004 16.0 85.7
S. aureus + MCCC@12%VAN  (0.025 mg/mL) 0.014 0.003 21.4 93.1

180

S. aureus + MCCC@12%VAN  (0.04 mg/mL) 0.005 0.0002 31.0 97.5
a OD: average optical density for three identical samples
b STDEV: standard deviation of three identical samples
c %Rel. E: relative error percentage for three identical samples
d CKP: bacteria cell-killing potency during 180 min
It should be noted that in low concentrations the relation between the concentration and UV-vis absorbance 
may not be linear (but it was assumed linear).
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Table S5. Statistical data of OD experiment on E. coli cell line.

Time (min) Conditions OD (a.u.) STDEV %Rel. E CKP (%)
E. coli (control) 0.461 0.004 0.97 -
E. coli + MCCC (0.04 mg/mL) 0.452 0.003 0.44 1.9
E. coli + CPP (0.04 mg/mL) 0.446 0.006 1.3 3.2
E. coli + VAN (0.0048 mg/mL) 0.42 0.02 4.7 8.9
E. coli + VAN (0.04 mg/mL) 0.386 0.005 1.3 16.3
E. coli + Fe3O4/PVA@12%VAN (0.04 mg/mL) 0.408 0.005 1.2 11.5
E. coli + MCCC@12%VAN  (0.01 mg/mL) 0.402 0.007 1.7 12.8
E. coli + MCCC@12%VAN  (0.025 mg/mL) 0.395 0.005 1.3 14.3

30

E. coli + MCCC@12%VAN  (0.04 mg/mL) 0.267 0.003 1.1 42
E. coli (control) 0.484 0.005 1.1 -
E. coli + MCCC (0.04 mg/mL) 0.468 0.004 0.85 3.3
E. coli + CPP (0.04 mg/mL) 0.456 0.005 1.1 5.8
E. coli + VAN (0.0048 mg/mL) 0.42 0.005 1.3 13.2
E. coli + VAN (0.04 mg/mL) 0.285 0.005 1.9 41.1
E. coli + Fe3O4/PVA@12%VAN (0.04 mg/mL) 0.379 0.01 2.6 21.7
E. coli + MCCC@12%VAN  (0.01 mg/mL) 0.34 0.005 1.4 29.7
E. coli + MCCC@12%VAN  (0.025 mg/mL) 0.315 0.004 1.3 34.9

60

E. coli + MCCC@12%VAN  (0.04 mg/mL) 0.115 0.003 4.3 76.2
E. coli (control) 0.558 0.007 1.3 -
E. coli + MCCC (0.04 mg/mL) 0.54 0.02 3.7 3.2
E. coli + CPP (0.04 mg/mL) 0.526 0.005 1.0 5.7
E. coli + VAN (0.0048 mg/mL) 0.43 0.01 2.3 22.9
E. coli + VAN (0.04 mg/mL) 0.2 0.02 10 64.1
E. coli + Fe3O4/PVA@12%VAN (0.04 mg/mL) 0.31 0.03 9.9 44.4
E. coli + MCCC@12%VAN  (0.01 mg/mL) 0.251 0.005 2.0 55.0
E. coli + MCCC@12%VAN  (0.025 mg/mL) 0.204 0.004 2.2 63.4

180

E. coli + MCCC@12%VAN  (0.04 mg/mL) 0.049 0.003 7.1 91.2
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Relative errors for ZOI experiment:

This test was repeated for three times for each sample. Standard deviations and relative errors were 

calculated via the explained method, and reported in table below:

Table S6. Statistical data of ZOI experiment.

Cell line Sample a ZOI b (cm) STDEV %Rel. E

CPP Trace - -

MCCC Trace - -

VAN 1.25 0.02 1.6

Fe3O4/PVA@12%VAN 0.46 0.01 2.1

S. aureus

MCCC@12%VAN 1.375 0.01 0.7

CPP Trace - -

MCCC Trace - -

VAN 0.875 0.02 2.3

Fe3O4/PVA@12%VAN 0.41 0.01 2.4

E. coli

MCCC@12%VAN 0.125 0.01 0.9
a The same weight (0.01 g) was used for all samples.
bAverage value is reported for three times repeating the experiment.


