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Supplementary methods
1. Determination of grafting density of capture probes on the epoxy-functionalized
MNPs

The average diameter of the MNPs was 64 + 12 nm (Fig. 2b). Despite their
clustered morphology, these MNPs were approximated as spheres to calculate the

average volume of individual MNP (Vvwp).

20B
SN
( L\l(:§&r’i*(:c; ?,-} 2 app roximate
¢TI "\}: b\ }J E—
?kh 1240 'a )
g Y/’I(,q\ ) 8 ,>f
5 o

4 d° » 4
VMNP:§TE(§) =1.37x10 m

The density (p) of the clustered MNPs was reported to be 3.32 g-cm™,! the average

mass of an individual MNP was determined as:
mypp=Vamp Xp=4.55%10""" kg

Considering the silanization layer on the epoxy-functionalized MNPs was very
thin (Fig. S9), and the density of GPTMS (1.07 g-mL™") is much lower than that of the
MNPs, the epoxy-functionalization was presumed to have a negligible effect on the
overall mass. Therefore, the average mass of an individual epoxy-functionalized MNP
was approximated to remain at 4.55 x 107" kg.

For the capture probe grafting, 0.39 mg of the epoxy-functionalized MNPs was
added in each assay. Accordingly, the total number of the epoxy-functionalized MNPs

(Aepoxy-functionalized MNPs) present in each grafting reaction assay was calculated as:

0.39 mg

mMyNp

=8.57x10'!

Aepoxy—functionalized MNPs ™



To optimize the process of grafting the capture probes onto the epoxy-
functionalized MNPs, 480 pL (Vi) of a capture probe solution at different
concentrations (Cinput) Was input into each grafting assay. The total volume of the
grafting reaction (Vi) was 680 uL. After conjugation, the concentration of the
ungrafted capture probes in the mixture was Cungrafied. The mass of capture probes
grafted onto the epoxy-functionalized MNPs was:

Merafied=Cinput ™V 1-Cungrafied X Viotal

The molecular weight (My) of the capture probes was 6410.3 g-moL!, thereby the

amount of substance of the capture probes grafted onto the epoxy-functionalized MNPs

(”lcapture probe) was:

Mgrafted
M,, of capture probes

Neapture probe ™
Thus, the total number of the capture probes grafted onto the epoxy-functionalized
MNPs (Acapture probe) Was:
Acapture probe™capture probe 602X 107
Finally, the grafting density of the capture probes on each epoxy-functionalized
MNP (Pcapture probe) Was determined by calculating the number of capture probes grafted
per MNP:

A

capture probe

P capture probe A
epoxy-functionalized MNP

2. Determination of grafting density of report probes on the AuNPs
The average diameter of the AuNPs was measured to be 88 + 12 nm (Fig. 4a).

As illustrated below, despite their popcorn shape, these AuNPs were approximated as



spheres for calculating the average volume of an individual AuNP (Vaunp).

approximate ¥ ' approximate d

4 d 2 3
VAuNP:_n(_) =3.57%x10 m
32
The specific surface area (o) of an individual spherical AuNP with the same

particle size (88 nm) was:

47R? .
Ospherical AuNP~ 77— R =3.53 m"g
gTER

The density (p) of Auis 19.3 g-cm™,2 the average mass of an individual AuNP was:
M AuNp=V aunp*p=6.89x10"" kg
For the report probe grafting, 0.74 mg of the AuNPs was added in each assay.
Accordingly, the total number of the AuNPs (4aunps) present in the grafting reaction
assay was calculated as:
AAuNPS=w=1.07x1o“
M AuNPs
To optimize the process of grafting the reporter probes onto the AuNPs, 480 pL
(V1) of a report probe solution at different concentrations (Cinpu) Was added in each
assay. The total volume of the grafting reaction (Viotal) was 680 pL. After conjugation,
the concentration of the ungrafted report probes in the mixture was Cungrafied- The mass
of report probes grafted onto the AuNPs was:
Mgratied=Cinput < V 1-Cungrafied* Vtotal

The molecular weight (My) of the report probes was 6015.0 g-moL!, thereby the

amount of substance of the report probes grafted onto the AuNPS (7report probe) Was:



n _ Mgrafted
orobe=
report probe N1 " f report probes

Therefore, the total number of the report probes grafted onto the AuNPs (Acapture

probe) Was:
Areport probe =Treport probe*6:0210%

Finally, the grafting density of the report probes on each AuNP (Preport probe) Was
determined by calculating the number of report probes grafted per AuNP:
P, report probeZIM

AuNPs

3. Determination of capture efficiency of capture probe-grafted MNPs for
Salmonella DNA

The Salmonella genome, which is haploid, comprises approximately 4.9 x 10°
base pairs (bp).2 Therefore, the My, of the Salmonella DNA can be estimated using the
following equation:*

M,, of the Salmonella DNA=(number of nucleotidesx607.4)+157.9=2.98x10° g-mol’

The mass of a single copy of Salmonella DNA was then calculated as:

M,, of Salmonella DNA
6.02x107

m of each copy Salmonella DNA= =4.95x10° ng
Thus, the concentration of Salmonella DNA solution, measured using a Nanodrop
spectrophotometer and reported in ng-pL!, can be converted into the number of copies
per mL (e.g. copies'mL™).
To optimize the capture efficiency of the capture probe-grafted MNPs for

Salmonella DNA, 10 uL of a 10!! copies-mL! Salmonella DNA solution (equivalent to

495 ng Salmonella DNA) was hybridized with different amounts of the epoxy-



functionalized MNPs over varying durations. Considering the total volume of each
hybridization assay was 55 pL and the post-hybridization concentration of the residual
Salmonella DNA solution was Cunhybridized, the capture efficiency () can be determined

as:

Cunhybridized* 33 HL )x100%

=(1-
= 495 ng

4. Determination of capture efficiency of report probe-grafted AuNPs for
Salmonella DNA

Similarly, to optimize the capture efficiency of the report probe-grafted AuNPs for
Salmonella DNA, 495 ng Salmonella DNA in 10 pL of TE buffer was hybridized with
varying quantities of the report probe-grafted AuNPs over different durations. Given
that the total hybridization reaction volume was 55 pL and the post-hybridization
concentration of unhybridized Salmonella DNA denoted as Cunnybridized, the capture

efficiency () was also calculated as:

Cunhybridized <3
495 ng

5puL
n=(1- )*x100%



Supplementary tables

Table S1 Operating parameters of ICP-MS analysis.

Operating parameters Values
RF power 1550 W
Plasma gas (Ar) flow rate 14 L-min’!
Nebulizer gas (Ar) flow rate 0.8 L-min!
Auxiliary gas (Ar) flow rate 0.8 L-min!
Scanning mode Peak hopping
Isotopes 7 Au




Table S2 Information of pathogenic bacteria used in anti-interference assay

Bacterial

Bacterial species strains Bp
H. influenzae ATCC 9006 1.9M
S. pneumoniae ATCC 6303 22M
E. coli ATCC 3110 59M
BHS ATCC 19615 19M

CTB - 361
AHS ATCC 49619 19M
N. meningitidis WHOP 23M
S. pyogenes ATCC 10389 1.9M
L. acidophilus ATCC 13651 2.0M
P. aeruginosa ATCC 17434 73 M




Table S3 Comparative performance analysis of different detection methods for Salmonella.

Morphology Detection

Detecti Functi f LOD A
ctection Nanomaterials tnetion ? of range 4, Recovery  RSDs S say Refs
methods nanomaterials ) 1 (CFU mL™) time
nanomaterials (CFUmL™)
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Morphology Detection
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Detection
methods

. Function of Morphology Detection LOD Assay
Nanomaterials nanomaterials of range (CFU mL") Recovery  RSDs time Refs
nanomaterials (CFU mL™?)
. Capture of 4 13
Magnetic beads Salmonella - 10 - - 3-4h
Sphere
. Capture of ) 14
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Capture of
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Morphology Detection

Detecti Functi f LOD A
mee:lcml((i): Nanomaterials nallll(l:l:l:i(t):r;)als of range (CFU mL™) Recovery  RSDs tislilaey Refs
nanomaterials (CFU mL™Y)
2100 50min 19
2.1 x10° '
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techniques
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Morphology Detection

Detecti Functi f LOD A
I:e:lc“::;: Nanomaterials nallll:lfl:t):r;)als of range ( CFUOm L) Recovery  RSDs tis;f::y Refs
nanomaterials (CFUmL™)
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Detection . Function of Morphology Detection LOD Assay
methods Nanomaterials nanomaterials of range (CFU mL™) Recovery  RSDs tim Refs
nanomaterials (CFU mL™Y) ¢
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Morphology Detection
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Detection . Function of Morphology Detection LOD Assay
methods Nanomaterials nanomaterials of range (CFU mL™Y) Recovery  RSDs time Refs
nanomaterials (CFUmL™)
e ® 01
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Morphology Detection

D i F i f LOD A
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nanomaterials (CFU mL™?)
Capture of 80% -
P 10" - 10° 1 - 25h 29
MNPs Salmonella 0°-10 0 105% >
Element labels
for surface
AuNPs enhanced 10' - 107 5 - - 3h &
Raman
spectroscopy v el
(SERS) analysis Sphere
’ )
1_ o _ 0 -
Fe;04@Si Capture of & 1.6 x 10 4 92.6% 0.7% _ 31

Salmonella 1.6 x 107 106.7% 5.5%




Morphology Detection
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Detection . Function of Morphology Detection LOD Assay
methods Nanomaterials nanomaterials of range (CFU mL™) Recovery  RSDs ) Refs
nanomaterials (CFU mL™Y)
1 1 0 0
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Detection . Function of Morphology Detection LOD Assay
methods Nanomaterials nanomaterials of range (CFU mL™) Recovery  RSDs time Refs
nanomaterials (CFU mL™Y)
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Supplementary figures
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Figure S1. ATR-FTIR spectra of MNPs and epoxy-functionalized MNPs.
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Figure S2. Zeta potential of MNPs and epoxy-functionalized MNPs.



100
MNPs

[=2]
o
—

Epoxy-functionalized MNPs

Y
o
—

N
o
—

M (emul/g)

0
H (kOe)

Figure S3. M-H curves of MNPs and epoxy-functionalized MNPs.
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Figure S4. UV-vis spectra of epoxy-functionalized MNPs and capture probe-grafted
MNPs.
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Figure S5. N> adsorption-desorption isotherm of AuNPs.
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Figure S6. Wide-scan XPS spectrum of report probe-grafted AuNPs.



1.0

Il S. typhimurium DNA-AuNPs

2 0.8} Blank
o
é MNPs-S. typhimurium DNA-AuNPs
>
< 06 I
[T
o
c
R
-é 04}
T
3
c 02
o
(&) =

0.0 i

Figure S7. Effect of capture probe-grafted MNPs on isolation of the MNPs-S.
typhimurium DNA-AuNPs complexes.
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Figure S8. (a) Effect of hybridization duration on the capture efficiency of capture
probe-grafted MNPs and report probe-grafted AuNPs on S. fyphimurium DNA. (b)
Effect of the mass ratio of capture probe-grafted MNPs to report probe-grafted AuNPs
on assay performance. (¢) AFM images and (d) DLS analysis demonstrating the
formation of MNPs-S. typhimurium-AuNPs complexes.



Figure S9. TEM images of the epoxy-functionalized MNPs (68 + 10 nm).
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Figure S10. TEM images of three different batches of MNPs synthesized with the
VEG/VpEG ratio of 4/16.
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