TRAE SRR Apr. 20, 2021, 48(4): 1348-1359
Microbiology China DOI: 10.13344/j.microbiol.china.200703

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

Lit 55k

B A B hL S 5 K 707k R Al A mh B BT 53 R

EY AR frasd gt
1 BERERIRARIE A IR IS WA S50 % K 400016
2 HERTARERARRE K 400013

3 FEBABE T SV S M IR Al S AR S 266101
4 ERTFHENAREREGRR T 400700

W E: PwmRESEARATEZAENSITRE LRI, AAFE. Rk, . KRABTY
JRARRGF 7 ik, R, FmRiE GE AT E R BIREDAE N ARG E LA . AL L2 min
FEZPHARRREX —B i, R ZHEAERRARENET . BWBRMEARN T )RR R R
SR, JFBEH AN R SIS B T, 0 AT R SR S 01617 .

KB Emiedig, RRMAY, K, HYHBAERE, A

Detection of pathogenic microorganism by single-cell raman
spectroscopy: a review

RUAN Zhen'* ZHU Pengfei® FU Xiaoting® LIAO Pu™?

1 Key Laboratory of Diagnostic Medicine, Ministry of Education; School of Laboratory Medicine, Chongging Medical
University, Chongqging 400016, China

2 Department of Laboratory Medicine, Chongging General Hospital, Chongging 400013, China

3 Single-Cell Center, Qingdao Institute of Bioenergy and Bioprocess Technology, Chinese Academy of Sciences,
Qingdao, Shandong 266101, China

4 Department of Laboratory Medicine, The Ninth People’s Hospital of Chongging, Chongging 400700, China

Abstract: Single-cell raman spectroscopy (SCRS) is an emerging technology that reveals the intrinsic
biochemical profiles of individual cells. SCRS is non-destructive, label-free, and independent of
cultivation, thus it is deemed as a rapid and efficient technology with low cost. Based on the principles of
raman spectroscopy, herein, we summarize research progress and the latest technical direction of this
technology in pathogen identification and drug susceptibility test, and then discuss the application
feasibility in a clinical laboratory to provide a new option for the detection, identification and
antimicrobial susceptibility testing of pathogenic microorganisms in the future.
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Figure 1  Single-cell raman spectroscopy (SCRS)
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Table 1 Research progress on the application of SCRS in the pathogens detection

| Raman shift wavenumber (cm™)

MEN% R P A HGH P 25 Z:2% 3k
Research Principles Advantages Disadvantages Detection contents References
contents
IR @S MEYhI 2 R P, JERESR . TR WEESTEARER  SRSRERNAN . HiE.  [11-14,
s PSRN |, 5P AT PR BUREARAROIA T HABTRE SRR 20-21]
Identification {1 [R] (A4 B 7 125006 S ¥ 468 8 T R VR A X 4 Need to establish Identification of bacteria,
O Ltk nstudessionad | et addnetn g wctacerin

ety pathognsacoring ZE SSERINSY otare orsane e GRbTL B, 12224

to Ramanome Explore
(RamEX) and diverse
analysis methods on the basis
of the established Ramanome
Database (RamDB)

identify in a rapid, identification

non-destructive and
culture-independent way

ML) J5 T 4 4
Direct identification of
pathogens from the original
samples (i.e., dialysate,
urine, blood)

PR R R A D A
Detection of
Staphylococcus biofilm

[25]
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7 3 43 2T (Principal Component Analysis, JER B4 Hr (Hierarchical Cluster Analysis, HCA)
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Figure 2 The “fingerprints” of microorganisms

2 A 3 IR IE B AR AR T BE BRI (Streptococcus mutans) UAL59 ., Ifil &5 Bk 4 (Streptococcus sanguis) ATCC10556 . /& 7L AT 1 (Lactobacillus
fermentum) ATCC9338 Zi4% 55 12 h R L2 Jeitk, ‘&A1 17E 778-785 cm™* (Jfgmane . JRIENE) . 810-820 cm™* (KX . RNA H48).
10011003 cm ™ CENZRR). 14311481 cm™ (& 5 XIAE7EX 5+ B: KEEFLAT I (Lactobacillus fermentum ATCC9338)7EAH[H]
FAETF R 5h (@R 12 h (b)) B9Pi@ o6, AT ILLE 778-785 cm ™ (Ml . JRIKNE) . 1431-1481 cm ' (4 (1 J5) KA 1E 22 5

Note: A: After 12 hours of culture, the “fingerprints” of three standards (Streptococcus mutans UA159, Streptococcus sanguis ATCC10556,
Lactobacillus fermentum ATCC9338) have difference in 778—785 cm™ (cytosine, uracil), 810-820 cm ™ (nucleic acids (C-O-P-O-C in RNA

backbone)), 1 001-1 003 cm* (phenylalanine), 1 4311 481 cm™* (protein); B: The “fingerprints” of Lactobacillus fermentum ATCC9338
have difference in 778—785 cm™* (cytosine, uracil) and 1 431—1 481 cm™* (protein) after 5 hours (a) and 12 hours (b) culture
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B AR R A BRI AR T, AR IAAE TR LA
o Ak F A A R RO A KRG i i RE
(Non-Growing but Metabolically Active, NGMA),
BIFEZ WA E T & AR P AE K s s B4R B &
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Table 2 Common Raman biomarker bands in microbial
cell

P&t AEWhREY 22 3CHR
Raman bands Biomarker References
(em™)
405, 542 B-D-glucose [39]
484-490 Glycogen [40]
504, 894 Glycine [39]
573 Tryptophan/cytosine, guanine [40]
623 Adenine [39]
650 Guanine [39]
617, 740, Thymine [39]
1369, 1671
792,1275  Cytosine [39]
786 DNA: O-P-O, cytosine, uracil, [40]
thymine
790,1235  Uracil [39]
828, 859 Tyrosine, collagen [39-40]
926 O-P-O stretch (DNA) [40]
971 v(C-C) wagging [41]
1004 Symmetric ring breathing mode of  [42]
phenylalanine and tryptophan
1064 Skeletal C-C stretching of lipids [40]
1117-1119 C-C stretching (lipid) [40]
1127 v(C-N), protein [41]
1156, 1515 pB-Carotene [39]
1440 CH; and CHj3 deformation vibrations [42]
(lipid)
1450 CH; bending [41]
1575 The ring-stretching vibrations of [42]
adenine and guanine
1607 Tyrosine, phenylalanine ring [41]
vibration
1665 Amide I vibration(protein) [42]
2930 C-H stretching vibration [42]
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25 Wy sk i )
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Migration of peaks is correlated with isotope substitution

Measuring

metabolic activities: 1

« Stable isotope
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substrates become
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intracellular
molecules
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* Vibration N
frequency of the =
chemical bonds -
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+ Specific Raman

peaks migrate H-subs
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Figure 3 Raman spectra peak is shifted after addition of isotope
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KW T o B 151 BB % M it s B4 i ) B 71 EE 7K
TR, IE 5 A A BRAR B S IE A G,
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W E ) C—D W, DA DX 43 SR A2 FR A
o BRI AT s BRI . PR Is R T — e
ST F1A) 22 BORS I s TR —— 356 A I 2 1 S A0 R
He B (MIC-MA) IMES:, il BE B MEAf M s Bl A
IR Z5H) UE . Yang ZPUYFE C-D Ratio JEfif 1
N7 YU 25 W 19 SR T 25 B BRME (S/IR Cut Off
Value): 0.76-0.78, ¥k J il A= W 78 & B K NPT B
Y RE R P R IR R R C-D Ratio
fH, # C-D Ratio<0.76 W5 B Fluig R i A= o ot
ZHIHEZ YUK, C-D Ratio>0.78 NI Hizh, iX
B 9k UE S AT T PR B R B PR AR AR

HR I 5 SRR T ) 25 W UG, PR
AR B ARG HURNE S R 2T 2.5 h, T H N E S
RGHEGTrk (SR Y BIE) T A5 100%.

M T EKABUR A R4 0y, ARl
AR RACH, DR KR B Sl A P 24 M R P T
FAZ A RPUR 25 RZERIBR A, C-D Mg
5 T AT A A9 TE AR S mT g BT vy L bR
B ESER 2GRN A SRR A S

4 BAFfhE 8 B AR TR R AR W v i
AR

AR, PRANRbIS AR TAE Ak, e
fb. wEEE T I AAWR R, g, g
FEARPGH | AR AL L it s AR Pk
201 i 075 & % A1 H, L 9k (Dielectrophoresis, DEP) .
75 7K (Acoustophoresis , AP) B J: 2% 5% T+ (Optical
Trap, OT)% F SR H AR e B A 25 & T8 AU
AR o e R 5 (B] 4), 8Eh 2Bl
L B RE A A A W A RS A B 20 A
J A BP0 B 2 R AR AR T G A A
WA Ty T8,
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Single-cell raman spectroscopy

Sequencing

i and genomic analysis
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Chip for detection and sorting ‘JE‘

DEP sorting system
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Figure 4 Single-cell raman sorting technology platform
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Wang 25 B0 45 7 2 0T 40 A e I
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FRICI RIS AT, RIS 4 IR 75 At i
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TG, e TR B R A AT . X
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PDMS) Ay 5 #4 B4 R A f0m 455 005 S A A ) B A
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ERKTFEESBENEYD

E A E B TR, )54 DEP
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i 92.7% 14 4 A7 I BE R A B
42 BRI ENEFRARAFEEEMEYESZH
HYHF 3R

B AR R A R S DR AL ) B T 4 2
PEsE , (B9 A AR ER 5 2T
FRI G RN FERANM KO AR AL B
SR AR AU AL I b A A
Bl bR i BR A B AF 5 05

Wang 2SI/ s 18 26 ) i A EE /K (D20) FIAS
FAPZE . WEEMPIAER, SRR R AR5
T RIS 2 BRI = 2 5% (RamanDIP) W 28 s AE
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