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1. Materials and methods
1.1. Chemicals and reagents

The chemical reagents utilized in this study were obtained from two commercial suppliers.
Manganese chloride (MnCl>-4H>0), Ferric chloride hexahydrate (FeClsz-6H>0), Terephthalic acid
(BDC), dimethylformamide (DMF) were obtained from Shanghai Macklin Biochemical Co.,Ltd.
Sodium acetate, glacial acetic acid (HAc), isopropyl alcohol (IPA), 3,3",5,5'-tetramethylbenzidine
(TMB), Nhydroxysuccinimide (NHS), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydroch-
loride (EDC), and 2-(N-Morpholino)-ethanesulfonic acid monohydrate (MES), ethylenediaminetetr-
aacetic acid disodium salt (EDTA*2Na), p-benzoquinone (BQ), and L-tryptophan (L-Trp) were
obtained from Shanghai Aladdin Biochemical Technology Co., Ltd. (Shanghai, China).
1.2. Characterisation of SapYZUs891@Fe/Mn-MOF

The microstructure of Fe/Mn-MOF and SapYZUs891 was characterized by transmission electron

microscopy (TEM, Tecnai 12, Netherlands) [1]. Crystal structure measurements were carried out on



an X-ray diffractometer (XRD, D8 Advance, Bruker AXS, Germany) [2]. The surface chemical
elements and valence states of the samples were detected by X-ray photoelectron spectroscopy (XPS,
Thermo Scientific Escalab 250Xi, USA) [3]. The fluorescence image of phage and bacteria was
obtained by laser scanning confocal microscope (LSCM, LSM 880NLO, Carl Zeiss, Germany).
Elemental mapping analysis was conducted using energy dispersive spectroscopy (EDS) [4]. Fourier
transform infrared (FT-IR) spectra were recorded using FT-IR spectrometer (FT-IR, VERTEX 70
German Bruker). The UV-vis absorption spectra and absorbance were recorded on a UV-vis
spectrophotometer (UV-3200, MAPADA, China). An electron paramagnetic resonance spectrometer
(EPR, A300-10/12, Bruker, Germany) was used for determining the free radicals.
1.3. Determination of catalytic kinetic parameters

A gradient of substrate concentration of TMB (2.5, 5, 7.5, 10 and 12.5 mM) was set, and the
reaction was detected within 5 min under optimal conditions, and the initial reaction rate was recorded.

The kinetic parameters (Km and Vmax) were calculated based on the Michaelis-Menten equation [5].
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The Vmax 1s the maximum reaction rate, K, is the Michaelis constant, [s] is the substrate
concentration, and V is the initial reaction rate.
1.4. Adsorption rate

The adsorption rates of the isolated bacteriophages were determined as previously described [6].
The lysate of isolated phages (5 mL) was mixed with an equal volume of the suspension of their S.
aureus hosts (Multiplicity of infection (MOI) = 0.1). The mixture was then incubated at 37 °C for 15
min and centrifuged at 8000 rpm/min for 30 s and the supernatant was diluted and spotted onto a
double-layer agar plate containing the lawns of host strains to determine the phage titer. Adsorption

rate (%) = (initial phage titer —phage titer after incubation) / initial phage titer.
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1.5. Study of the catalytic mechanisms of the oxidase-like activity of SapYZUs891(@Fe/Mn-MOF
Free radical-scavenging experiments were conducted as previously described [7]. Isopropyl
alcohol (IPA), p-benzoquinone (BQ), ethylenediaminetetraacetic acid disodium salt (EDTA*2Na) and
L-tryptophan (L-Trp) were used as scavengers to eliminate hydroxyl radicals (*OH), superoxide anion
radicals (O2"), oxygen vacancies, and singlet oxygen (!02) from the reaction system. The absorption
spectra were measured after the addition of the scavengers, and electron paramagnetic resonance was
used to detect free radicals in the reaction system.
1.6. Stability of SapYZUs891@Fe/Mn-MOF under different pH values and temperatures
The stability of YZU891@Fe/Mn-MOF stored under different pH and temperature conditions was
evaluated according to the protocols described in previous studies with some modifications [8,9]. For
the pH stability evaluation, the YZU891@Fe/Mn-MOF were incubated in buffer solutions of different
pH values (3—12) for 1 h, respectively. For the thermostability evaluation, the particles were incubated

at 470 °C for 1 h, respectively. The catalytic activity was investigated using 100 uL of TMB (5 mM).



Figure S1. TEM image of the phage SapYZUs891.
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Figure S2. Gene structure of phage SapYZUs891.
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Figure S3. Interaction between SapYZUs891 tail Proteins ORF3 (A) and ORF65 (B) with the N-

acetylglucosamine molecule.



Figure S4. Energy-dispersive X-ray spectroscopy mapping of Fe/Mn-MOF.
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Figure S5. Steady-state kinetic analysis of SapYZUs891@Fe/Mn-MOF simulated oxidase activity:

(A) The Michaelis-Menten curve. (B) The Lineweaver-Burk plot.
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Figure S6. Effect of buffer solution pH on the SapYZUs891@Fe/Mn-MOF + TMB chromogenic

system.
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Figure S7. Effect of SapYZUs891@Fe/Mn-MOF amount on the SapYZUs891@Fe/Mn-MOF

+ TMB chromogenic system.
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Figure S8. Effect of buffer solution TMB concentration on the SapYZUs891@Fe/Mn-MOF + TMB

chromogenic system.
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Figure S9. Effect of temperature on the SapYZUs891@Fe/Mn-MOF + TMB chromogenic system.
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Figure S10. Effect of incubation time between SapYZUs891@Fe/Mn-MOF and S. aureus on the

SapYZUs891@Fe/Mn-MOF + TMB chromogenic system.
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Figure S12. Adsorption rate of phage SapYZUs891 to S.aureus that cannot lysis.
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Figure S13. Effects of common food additives (A), different concentrations of NaCl (B), and pH
values (C) on the colorimetric detection of S. aureus; the real food products used in this study (D);

and the performance of SapYZU891@Fe/Mn-MOF for the detection of S. aureus in real food.
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Figure S14. 30 d of stability tests of SapYZUs891@Fe/Mn-MOF + TMB chromogenic system.
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Figure S15. Electron paramagnetic resonance spectrum of the captured free radicals by oxygen

vacancy.
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Table S1. Host range of SapYZUs891.

No. Strain Species Host MASR or MSSR MLST Spotting test
1 Y ZUstau2 S. aureus Chicken MSSA ST2990 ++
2 Y ZUstau4 S. aureus Pork MSSA ST7 -
3 Y ZUstau5 S. aureus Chicken MSSA ST398 -
4 YZUstau7 S. aureus Chicken MSSA ST7 -
5 Y ZUstau8 S. aureus Chicken MSSA ST398 ++
6 Y ZUstau9 S. aureus Pork MSSA ST398 +
7 YZUstaul0 S. aureus Pork MRSA ST398 +
8 YZUstaull S. aureus Pork MSSA ST398 -
9 YZUstaul2 S. aureus Chicken MSSA uT +++
10 YZUstaul3 S. aureus Pork MSSA ST398 -
11 YZUstaul6 S. aureus Pork MSSA ST188 -
12 YZUstaul7 S. aureus Chicken MRSA ST398 -
13 YZUstaul8 S. aureus Chicken MRSA ST398 -
14 YZUstaul9 S. aureus Pork MSSA ST8 +
15 Y ZUstau25 S. aureus Pork MSSA ST9 -
16 Y ZUstau26 S. aureus Pork MSSA ST7 -
17 Y ZUstau27 S. aureus Pork MSSA ST9 +
18 Y ZUstau28 S. aureus Pork MSSA ST9 ++
19 Y ZUstau29 S. aureus Pork MSSA ST9 +
20 Y ZUstau30 S. aureus Pork MSSA ST9 +
21 YZUstau3l S. aureus Pork MSSA ST9 +
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http://www.shbnbio.com/products/show15008803.html
https://www.china-cicc.org/search/?classtype=0&keyword=21513

Enteritidis

67 CICC 21534 Shigella flexneri - - -

Vibrio - - -
68 CICC 21617
parahaemolyticus

69 CICC 23794 Vibrio cholerae - - -

Escherichia - - -
70 CICC 10664
coli

Staphylococcus - - -
71  CMCC 26069
epidermidis

Staphylococcus - - -
72 ATCC 29971

xylosus

73 ATCC 8032  Staphylococcus albus - - -

66 “+++ indicates that the plaque is clear and transparent.
67 “++” indicates that the plaque is semitransparent.
68 “+” indicates that the plaque is shallow, and “-” indicates no plaque.

69 ATCC, American Type Culture Collection.

70 CICC, China Center of Industrial Culture Collection.

71 CMCC, National Center for Medical Culture Collections.

72  NT, non-typeable.

73 2 No predicted ancestor contained ST7, ST59, ST398, ST1281, and ST2631, which was assigned to singleton.
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Table S2. Interacting residues and binding sites of SapYZUs891 tail proteins ORF3 and ORF65 with GlcNAc.

% Residue in most

. . Sequence favored regions of . . . Binding
Protein Ligand Template . Coverage Interacting Amino Acids Affinity
identity Ramachandran plot (kcal/mol)
(MolProbity)
ASN 395, ILE 416, GLN
N- 415, ASN 417, GLU 476,
Q2FYDO. ILE 483, ALA 486, ARG
ORF3 aceit:r/rllgi]rl]l;cos 99.43% 100% 96.19 490, GLU 216.LYS 478, -5.5
ARG 218, GLN 397, ALA
394
VAL 10, GLY 11, PHE 12,
N- 2G2K1
ORF65 acetylglucos Q LA ' 100% 100% 92.89 SER 117, VAL 126, LYS 9, -4.6
amine

TYR 179, VAL 128, ASN
44, ILE 45, LEU 43, ASP 42

75
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77
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78 Table S3. Genomic function annotation of SapYZUs891.
ORFs Start End Length(bp) Strand Protein(aa) Putative function Best phage homolog Identity (%) Accession no.
ORF1 1 6201 6201 + 2067 phage tail tape measure protein Staphylococcus aureus 99.81 WP_257244512.1
ORF2 6201 7025 825 275 phage tail family protein Staphylococcus aureus 100 HDE6118771.1
ORF3 7034 8617 1584 + 528 phage tail protein Staphylococcus aureus 99.81 HDMS8628118.1
ORF4 8712 8882 171 + 57 hypothetical protein Staphylococcus aureus 100 WP_113590430.1
ORF5 8898 10808 1911 + 637 minor structural protein Staphylococcus aureus 99.84 WP_031867387.1
ORF6 10775 12274 1500 + 500 BppU family baseplate upper protein Staphylococcus phage SMSAPS 99.6 YP_007005720.1
ORF7 12274 12663 390 + 130 DUF2977 domain-containing protein Staphylococcus aureus 100 WP_001166606.1
ORF8 12656 12820 165 + 55 XkdX family protein Staphylococcus aureus 100 WP_000916022.1
ORF9 12866 13165 300 + 100 DUF2951 domain-containing protein Staphylococcus aureus 98.99 HDG5980925.1
ORF10 13301 13738 438 + 146 holin Staphylococcus aureus 100 WP_000354117.1
ORF11 13719 15164 1446 + 482 lysin Staphylococcus aureus 100 WP_001148129.1
ORF12 16250 16795 546 + 182 hypothetical protein Staphylococcus aureus 100 WP_224756974.1
ORF13 16785 17183 399 + 133 hypothetical protein Staphylococcus aureus 99.24 WP_021285852.1
ORF14 17523 18728 1206 + 402 integrase Staphylococcus aureus 99.5 HED5952428.1
ORF15 18854 19468 615 + 205 ATPase Staphylococcus aureus 99.51 WP _150884669.1
ORF16 19465 19611 147 + 49 hypothetical protein Staphylococcus aureus 100 WP_223223848.1
ORF17 19700 20149 450 - 150 hypothetical protein Staphylococcus aureus 100 WP_001558060.1
ORF18 19700 20149 450 - 150 hypothetical protein Staphylococcus aureus 100 WP_001558060.1
ORF19 20185 20370 186 - 62 hypothetical protein Staphylococcus aureus 98.36 HDZ3343353.1
ORF20 20367 20513 147 - 49 hypothetical protein Staphylococcus aureus 100 MBK4064412.1
o Staphylococcus aureus subsp. aureus str.
ORF21 20525 21256 732 - 244 transcriptional regulator 99.59 ADL66071.1
JKD6008

ORF22 21407 21646 240 + 80 helix-turn-helix transcriptional regulator Staphylococcus aureus 100 MEW4671912.1
ORF23 21662 22438 777 + 259 Rha family transcriptional regulator Staphylococcus aureus 99.61 WP _025176283.1
ORF24 22464 22907 444 + 148 hypothetical protein Staphylococcus aureus 100 WP _031775158.1
ORF25 22904 23071 168 + 56 hypothetical protein Staphylococcus aureus C2942 100 EZX41254.1
ORF26 23112 23324 213 - 71 uracil-DNA glycosylase Staphylococcus aureus 98.57 HAR4446181.1
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hypothetical protein
hypothetical protein
transcriptional regulator
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DNA binding protein
DUF1270 domain-containing protein
transcriptional regulator
hypothetical protein
DUF2800 domain-containing protein
DUF2815 family protein
DNA polymerase
transcriptional regulator
DUF3113 family protein

SA1788 family PVL leukocidin-

associated protein

phi PVL orf 51-like protein
hypothetical protein
hypothetical protein
DUF1381 domain-containing protein
hypothetical protein
hypothetical protein
hypothetical protein
transcriptional activator
DUF1514 domain-containing protein
virulence-associated E family protein
VRR-NUC domain-containing protein
DEAD/DEAH box helicase
transcriptional regulator

HNH endonuclease

Staphylococcus aureus

Staphylococcus aureus

Staphylococcus phage phiSa2wa_st5

Staphylococcus aureus

Staphylococcus phage phiSa2wa_stl
Staphylococcus phage phiSa2wa_stl

Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus

Staphylococcus aureus
Staphylococcus aureus

Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus

Staphylococcus aureus

Staphylococcus phage Sa2wa-st88
Staphylococcus phage vB_SauS 690

Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus

Staphylococcus aureus

97.87
100
100

99.17

98.67
100
100

99.07
100

99.74
100
100
100

98.36

100

100
100
100
100
100
100
100
100
100
100
100
99.77
100
99.04

HDN3444135.1
MCE3415970.1
YP_010083638.1
WP_065316400.1
YP_010083572.1
YP _010083573.1
HCZ0996964.1
HDE0419466.1
WP_031775157.1
HDB3535692.1
HCY9553641.1
WP_078100076.1
HCZ5857143.1
EMB4689119.1

WP_000029380.1

HCZ0098113.1
WP_260595377.1
WP_000695760.1
MEO04287503.1
WP_031911912.1
HDD6704209.1
WP_001799187.1
UYL83430.1
UKM36101.1
WP_000884847.1
WP_353437336.1
WP_078055707.1
HDE6925101.1
WP_113587697.1
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ORF56 38836 39159 324 + 108 terminase small subunit Staphylococcus phage phiSa2wa_st72 100 AUMS57994.1
ORF57 39149 40840 1692 + 564 terminase large subunit Staphylococcus aureus 99.82 WP_000153556.1
ORF58 40845 42083 1239 + 413 phage portal protein Staphylococcus aureus 99.76 WP_031911915.1
ORF59 42067 42840 774 + 258 Clp protease ClpP Staphylococcus aureus 99.22 HDE3394545.1
ORF60 42807 44015 1209 + 403 phage capsid protein Staphylococcus aureus 98.76 QLI00759.1
ORF61 44084 44362 279 + 93 head-tail connector protein Staphylococcus aureus 99.81 WP_106096736.1
ORF62 44374 44706 333 + 111 hypothetical protein Staphylococcus aureus 99.09 HDIO152818.1
ORF63 44703 45104 402 + 134 hypothetical protein Staphylococcus aureus 99.25 WP_147629992.1
ORF64 45105 45500 396 + 132 DUF3168 domain-containing protein Staphylococcus aureus 99.24 WP_031775786.1
ORF65 45535 40360 642 + 214 phage tail protein Staphylococcus aureus 99.53 HDA9240329.1
ORF66 46268 41826 456 + 152 Ig-like domain-containing protein Staphylococcus aureus 100 WP_160200236.1
ORF67 46781 42215 351 + 117 phage tail assembly chaperone G Staphylococcus aureus 100 WP_031791115.1
ORF68 47173 44621 159 + 53 hypothetical protein Staphylococcus aureus 100 WP_353294710.1
79
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80 Table S4. Comparison of the steady-state kinetic parameters for the oxidase-like activity of

81 SapYZUs891@Fe/Mn-MOF and other nanozymes.
Catalyst Substance Km (mM) Vmax [1078 Ms™] Reference
MOF-808 TMB 1.06 1.39 [10]
Fe-MOF@SalmpYzu47 TMB 1.2 25.3 [11]
Fe-N-C single-atom TMB 1.81 0.601 [12]
catalysts
graphitic carbon nitride TMB 1.06 0.42 [13]
FesOa4 -graphene oxide TMB 1.12 0.13 [14]
Cu-MOF@PpzDSS02 TMB 4.03 24.49 [15]
EspYZU15@Pd TMB 0.6 9.1 [16]
SapYZUs891@Fe/Mn- TMB 0.45 2.35 .
MOF This study
82
83

84

27



Table S5. Comparison between SapYZUs891@Fe/Mn-MOF chromogenic system and previously reported studies.

Material

Method

Detection time

Detection range

LOD (CFU/mL)

Ref.

(min) (CFU/mL)
SapYZUs891@Fe/Mn-MOF Colorimetry 19 3x10t~3x 108 69 This study
IgG ELISA 90 ! i [17]
poly-L-lysine-functionalized 1 6 ’
magnetic beads (PLL-MB) PCR 240 1.8x10°~1.8x%x10 10 [18]
VAN-Au NPs/IgG Lateral flow assay methods - 10% ~ 108 103 [19]
Antibody/Nanopitted e : 4 108
polyelectrolyte coatings Long-period fiber grating 30 10"~ 10 224 [20]
Vancocin/IgG Fluorescence 130 1.0 x 10%- 1.0 x 10° 290 [21]
Antibody/AuNP/MNPs Colorimetry 40 1.5 x 10*-1.5 x108 1.5 x 103 [22]
Aptamer Localized surface plasmon 5 i 10° [23]
resonance
Copper nanoclusters Fluorescence 45 102~ 108 80 [24]
Nanobodies Immuno-assay detection 480 10* ~ 10% 1.4 x 10° [25]
AUPt@vB_YepM_ZN18 Colorimetry 40 2.5x 10t ~25x10° 14 [26]
Cu-MOF@PpZDSS02 Colorimetry 46 102 ~ 108 3.3 [15]
AUNPs@T156 Colorimetry 80 3.8x10'-3.8x10° 38 [27]
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Table S6. The effect of different food additives on the SapYZUs891@Fe/Mn-MOF chromogenic system in culture.

Food additive Spiked (CFU/mL) Detected RSD (%,n=3) Recovery PC
(CFU/mL) (%) (CFU/mL)

braised beef with potatoes 1.35%x102 1.85%10? 1.83 121.48 1.65x102
1.07x10* 0.98x104 2.30 117.35 1.05x10*
0.97x108 1.05%x108 0.76 109.09 1.31x1068
curry chicken 1.26x10? 1.24x10? 1.87 93.85 0.71x10?
0.94x104 1.01x104 2.91 94,51 0.92x104
0.63x10°8 0.72x10% 0.57 98.06 1.02x1068
stirfried pork 1.58x102 1.63x102 151 98.70 0.77x10?
1.02x104 1.06x10* 0.81 109.23 0.71x104
0.8x108 0.77x108 0.93 93.86 1.13x108
steamed duck with mushroom 0.85x10? 0.88x10? 2.69 98.94 0.92x10?
1.23x104 1.13x104 154 92.52 0.95x104
1.55x10°8 1.40x10°8 0.85 110.66 1.19x1068
black pepper beef 1.22x102 1.10x10? 1.75 93.46 1.31x10?
0.85x10* 0.9x104 0.87 93.50 1.09x10*
1.15x10° 1.09x10° 2.43 88.54 1.07x10°
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