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Figure S1. UV-vis absorption spectra of Au MNPs. Peak at 524 nm is observed due to the outer 

Au shell.  
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Figure S2. Results of in vitro cleavage assay. (a) Result of the Cas9/gRNA-mediated cleavage 

assay of MDR S. aureus PCR amplicon (Lane 1: DNA marker, Lane 2: MDR S. aureus PCR 

amplicon, Lane 3: DNA fragments of MDR S. aureus PCR amplicon cleaved by Cas9/gRNA 

complex, and Lane 4: Cas9/gRNA complex). (b) Results of the Cas9/gRNA-mediated cleavage 

assay of MDR A. baumannii PCR amplicon (Lane 1: DNA marker, Lane 2: MDR A. baumannii 

PCR amplicon, Lane 3: DNA fragments of MDR A. baumannii PCR amplicon cleaved by 

Cas9/gRNA complex, and Lane 4: Cas9/gRNA complex). (c) Results of the Cas9/gRNA-mediated 

cleavage assay of MDR K. pneumoniae PCR amplicon. (Lane 1: DNA marker, Lane 2: MDR K. 

pneumoniae PCR amplicon, Lane 3: DNA fragments of MDR K. pneumoniae PCR amplicon 

cleaved by Cas9/gRNA complex, and Lane 4: Cas9/gRNA complex). The cleaved DNA fragments 

are indicated by red brackets.   
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Figure S3. Results of in vitro mobility shift assay. (a) Results of the dCas9/gRNA-mediated 

mobility shift assay of MDR S. aureus PCR amplicon (Lane 1: MDR S. aureus PCR amplicon, 

Lane 2: mixture of MDR S. aureus PCR amplicon and dCas9/gRNA complex, and Lane 3: 

dCas9/gRNA complex). (b) Results of the dCas9/gRNA-mediated mobility shift assay of MDR A. 

baumannii PCR amplicon (Lane 1: MDR A. baumannii PCR amplicon, Lane 2: mixture of MDR 

A. baumannii PCR amplicon and dCas9/gRNA complex, and Lane 3: dCas9/gRNA complex). (c) 

Results of the dCas9/gRNA-mediated mobility shift assay of MDR K. pneumoniae PCR amplicon 

(Lane 1: MDR K. pneumoniae PCR amplicon, Lane 2: mixture of MDR K. pneumoniae PCR 

amplicon and dCas9/gRNA complex, and Lane 3: dCas9/gRNA complex). Mixtures of PCR 

amplicons and dCas9/gRNA complexes yield upper bands in the gels because the mobilities of 

gene-bound dCas9/gRNA complexes are reduced. The shifted bands are indicated by red brackets.  
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Figure S4. XPS spectra of Au MNP-NTA-Ni2+. (a-c) High-resolution XPS spectra of (a) Fe2p, (b) 

Si2p, and (c) Au4f. Peaks at 724.1 eV (Fe 2p1/2), 711 eV (Fe 2p3/2), 102.5 eV (Si 2p), 87.6 eV (Au 

4f1/2), and 83.8 eV (Au 4f1/2) are attributed to Au MNPs. (d) High-resolution XPS spectrum of C1s. 

Peaks at 288.3 eV (carbonyl group; magenta), 286.3 eV (-CS- group; blue), and 284.7 eV (-(CH2)- 

group; red) are attributed to NTA. (e) High-resolution XPS spectrum of S2p. Peak at 162.2 eV is 

attributed to Au-S bond in Au MNP-NTA. (f) High-resolution XPS spectrum of Ni2p. Peaks at 

874.2 eV (Ni 2p1/2) and 856.7 eV (Ni 2p3/2) are attributed to Ni2+ chelate complex.  
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Figure S5. SDS-PAGE analysis. Results of gel electrophoresis of the dCas9/gRNA complex and 

Au MNP-dCas9/gRNA probe (Lane 1: Protein marker, Lane 2: dCas9/gRNA complex, and Lane 

3: Au MNP-dCas9/gRNA probe).  
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Figure S6. Magnetic hysteresis loops of Au MNP-dCas9/gRNA probes and Au MNPs. Au MNP-

dCas9/gRNA probes (magenta) show superparamagnetic property at room temperature similar to 

that of Au MNPs (blue).  
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Figure S7. Detection of clinical MDR bacteria from ICU patients. (a) SERS spectra of MB 

obtained from Au MNP-dCas9/gRNA probes by varying the amount of MDR A. baumannii 

genomic DNA. (b) SERS spectra of MB obtained from Au MNP-dCas9/gRNA probes by varying 

the amount of MDR K. pneumoniae genomic DNA.  
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Figure S8. Detection of clinical MDR bacteria from ICU patients. (a-c) Full SERS data of Figure 

4b corresponding to (a) MDR S. aureus, (b) MDR A. baumannii, and (c) MDR K. pneumoniae. 

(d-f) Full SERS data of Figure 4c corresponding to gRNA (a) 1, (b) 2, and (c) 3. 
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Figure S9. Selectivity of CRISPR-mediated SERS assay. (a-c) Full SERS data of Figure 4c 

corresponding to (a) gRNA 1, (b) gRNA 2, and (c) gRNA 3.   
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Figure S10. Reproducibility of CRISPR-mediated SERS assay. (a) Ten SERS spectra of MB 

obtained from Au MNP-dCas9/gRNA probes after the detection of MDR S. aureus genomic DNA 

(250 ng). (b) Ten SERS spectra of MB obtained from Au MNP-dCas9/gRNA probes after the 

detection of MDR A. baumannii genomic DNA (250 ng). (c) Ten SERS spectra of MB obtained 

from Au MNP-dCas9/gRNA probes after the detection of MDR K. pneumoniae genomic DNA 

(250 ng). (d) Reproducibility of the CRISPR-mediated SERS assay for MDR S. aureus, A. 

baumannii, and K. pneumoniae, respectively. Data represent the average + standard deviation from 

10 measurements. 
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Figure S11. Diagnosis of MDR bacteria-infected mice. (a-f) Full SERS spectra of Figure 5b 

corresponding to (a-e) MDR A. baumannii-infected mice and (f) healthy control mouse.  
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Figure S12. Culture diagnosis of MDR bacteria-infected mouse. (a-c) Photographs of MDR A. 

baumannii colonies from the (a) lung, (b) spleen, and (c) liver of MDR A. baumannii-infected 

mouse (No. 1).  
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Figure S13. PCR diagnosis of MDR bacteria-infected mice. Diagnostic results of MDR A. 

baumannii-infected mice (No. 1–5) and a healthy control mouse (No. 6) using PCR. Data represent 

the average + standard error from three measurements, *P < 0.05.  
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Figure S14. Diagnosis of MDR bacteria-infected mice using blood samples. (a) Results of the 

CRISPR-mediated SERS assay using blood samples of MDR A. baumannii-infected mice (red) 

and a healthy mouse (black). (b) Full SERS spectra of (a). (c) Results of the CRISPR-mediated 

SERS assay using genomic DNA extracted from blood samples of MDR A. baumannii-infected 

mice (red) and a healthy mouse (black). (d) Full SERS spectra of (c). Data represent the average 

+ standard error from 10 measurements, *P < 0.05. 
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Figure S15. On-site capture and detection of MDR bacteria. (a-f) Full SERS spectra of Figure 6e 

corresponding to MDR A. baumannii-contaminated (red spectra) and control (black spectra) 

samples after 3D complex nanopillar array swab-based capture.  
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Table S1. Sequences of gRNAs and targets. 

gRNA Sequence (5  3) 

S. aureus 

(gRNA 1) 

mC*mG*mA* rUrGrC rUrCrA rArGrC rArCrC rArArA rArGrG 

rUrUrU rUrArG rArGrC rUrArG rArArA rUrArG rCrArA rGrUrU 

rArArA rArUrA rArGrG rCrUrA rGrUrC rCrGrU rUrArU rCrArA 

rCrUrU rGrArA rArArA rGrUrG rGrCrA rCrCrG rArGrU rCrGrG 

rUrGrC mU*mU*mU* rU 

A. baumannii 

(gRNA 2) 

mG*mG*mU* rGrUrA rGrGrU rGrGrU rUrCrC rGrArU rUrUrG 

rUrUrU rUrArG rArGrC rUrArG rArArA rUrArG rCrArA rGrUrU 

rArArA rArUrA rArGrG rCrUrA rGrUrC rCrGrU rUrArU rCrArA 

rCrUrU rGrArA rArArA rGrUrG rGrCrA rCrCrG rArGrU rCrGrG 

rUrGrC mU*mU*mU* rU 

K. pneumoniae 

(gRNA 3) 

mC*mU*mG* rCrGrC rUrUrC rUrUrU rArCrG rGrUrU rUrArG 

rUrUrU rUrArG rArGrC rUrArG rArArA rUrArG rCrArA rGrUrU 

rArArA rArUrA rArGrG rCrUrA rGrUrC rCrGrU rUrArU rCrArA 

rCrUrU rGrArA rArArA rGrUrG rGrCrA rCrCrG rArGrU rCrGrG 

rUrGrC mU*mU*mU* rU 

Target Sequence (5ʹ  3ʹ) 

S. aureus CGATGCTCAAGCACCAAAAG 

A. baumannii GGTGTAGGTGGTTCCGATTT 

K. pneumoniae CTGCGCTTCTTTACGGTTTA 
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Table S2. Sequences of PCR primers. 

Primer Sequence (5  3) 

S. aureus - 347 AACAAAGCGCCTTCTATGAAATC 

S. aureus - 1463 GCTGCACCTAAGGCTAATGATA 

A. baumannii - pgi_399 AATCCATGCTGGGCAATATC 

A. baumannii - pgi_1294 GTTCAATCAATGCCTCAGCA 

K. pneumoniae - 67 GAAGGGCATGATGTTGTCGG 

K. pneumoniae - 802 GTTCCACTGGTGAGCTGTTG 
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Table S3. Comparison of CRISPR-mediated SERS assay with DNA probe-based techniques. 

Method Target 
Mode of 

Detection 
LOD Time Refs. 

Fluorescence 

Factor V, Factor II 

MTHFR gene 

(fragmented) 

DNA–DNA 

probe 

hybridization 

50 fM ~1 h 
Bao et al., 

20051 

Scattering 

MRSA, Factor V 

gene, MTHFR gene 

(fragmented) 

DNA–DNA 

probe 

hybridization 

200 fM ~1 h 
Storhoff et al., 

20042 

Color 
Salmonella  

typhimurium 

Photoinduced 

silver ion 

reduction 

1 nM ~20 min 
Jung et al., 

20133 

Surface 

plasmon 

resonance 

ABCB1 gene 

(fragmented) 

DNA–DNA 

probe 

hybridization 

140 aM ~30 min 
Ermini et al., 

20134 

SERS 

E. faecium 

S. aureus 

S. maltophilia 

V. vulnificus 

(fragmented) 

DNA–DNA 

probe 

hybridization 

1 pM ~6 h 
Kang et al., 

20105 

FET 
Duchenne muscular 

dystrophy gene 

CRISPR-

dCas9  
1.7 fM ~15 min 

Hajian et al., 

20196 

SERS 

S. aureus 

A. baumannii 

 K. pneumoniae 

CRISPR-

dCas9 

10 fM 

(average)  
~1 h This work 

  



 20 

Table S4. Antibiotic resistance of bacteria from ICU patients. 

Bacteria Antibiotic resistance (MIC) 

S. aureus #77 Oxacillin (≥256 µg/mL), Gentamicin (≥16 µg/mL),  

Clindamycin (≥8 µg/mL), Erythromycin (≥8 µg/mL) 

A. baumannii 

ABAY09004 

Kanamycin (50 µg/mL), Ampicillin (≥100 µg/mL),  

Gentamycin (50 µg/mL), Chloramphenicol (20 µg/mL), Imipenem 

(≥16 µg/mL) 

K. pneumoniae 

Ampicillin (≥ 100 µg/mL), Cefotaxime (64 µg/mL),  

Aztreonam (16 µg/mL), Imipenem (≥16 µg/mL),  

Minocycline (≥16 µg/mL) 

MIC, minimum inhibitory concentration 
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