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Abstract: Single molecule biological detection technology is an efficient technology to understand the dy-
namic characteristics of various biomolecules at the single molecule level and explore their structure and
function. The advantage of this technology is that it can detect the heterogeneity of free energy on a single
molecule, which is beyond the traditional methods. Therefore, researchers use it to solve long-standing prob-
lems in complex biological systems, heterogeneous catalysis, biomolecular interactions, enzyme systems and

conformational changes. In terms of medical detection, detecting specific information about single molecules

ks B #A:2022-06-14; 1&1T H#A: 2022-07-12

ESWE: PRBEH 2232 5150 H (No. 2020223); [FH 5 A AR F R4 1H 135 H (No. 61974143)
Supported by Youth Innovation Promotion Association of the Chinese Academy of Sciences (No. 2020223);
National Natural Science Foundation of China (No. 61974143)


http://dx.doi.org/10.37188/CO.2022-0129
http://dx.doi.org/10.37188/CO.2022-0129

55

R SCHE, 5 0 TR MO 7 ik L T 9 -

or their interactions with biological factors is not only crucial for the early diagnosis and treatment of various

diseases such as cancer, but also has great potential for real-time detection and precision medicine. The ad-

vantages of high specificity and high precision of single-molecule bioassays are used to real-time detection of

single biomolecules in molecular populations, and can be combined with multiple high-throughput analysis

for the precise diagnosis of clinical samples. In this paper, the principle of single molecule detection and the

application of biosensing are introduced, and the detection methods and related applications are summarized.

Finally, the prospect and development direction of this research direction are discussed.

Key words: single molecule biological detection; nucleic acid; nanopore; protein; heterogeneity
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Fig.2 Various material framework of zero-mode waveguide (ZMW) plasma nanopore®”. (a)The autofluorescence of Al

ZMW monoprotein was enhanced by deep ultraviolet plasma. (b) Au-Si zero-mode hybrid waveguides for enhanced

single-molecule detection. (c)The plasma nanopore device structure enhances single-molecule fluorescence detection,

which consists of nanopore prepared by gold film and nanopore prepared by independent silicon nitride film.
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Fig.3 Transporting C-A; and mC-A; through a wild-type aerolysin membrane channel®. (a) All-atom model of the full-

length aerolysin nanopore system. Aerolysin (gray) was inserted into a lipid bilayer membrane (dark blue), while nucle-

otides (red) were placed at the entrance of the pore. (b) Structure of methylated and unmethylated oligonucleotides con-

taining methylcytosine and cytosine, respectively. The only difference between them was the addition of a methyl

group which is marked in red
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Fig. 4 Magnetic bead seeding®®. (a) Schematic of the magnetic bead seeding on HIH microwell arrays. (b) The bead distribu-

tion in arrays with varying well diameters, array pitches and well depths, for multiple-seeding cycles. (c,d) x40 magni-

fication bright field microscopy image of a microwell array before and after magnetic bead seeding, respectively. (e)

x100 magnification bright field microscopy image of a microwell array after seeding
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Fig. 5 Schematic representation of digital ELISAP”. (a) An-

tibody-coated beads captures the single target bio-
molecules, which are then detected by another anti-
body conjugated with a labeled antibody. Loading
of beads into femtoliter well arrays for isolation and
detection of single molecules. (b) Fluorescence im-
age of a small section of the femtoliter well array
after signals from single molecules are generated.
While the majority of femtoliter chambers contain a
bead from the assay, only a fraction of those beads
possesses catalytic enzyme activity, indicative of a
single, bound protein. (c) The concentration of pro-
tein in the bulk solution is correlated to the percent-

age of beads that have bound a protein molecule
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J7 51 A P B0 A R R A 1) LA 4%, i B T
K F] 1~10 fmol/L, RENE 8 1o 22 T A It B8 vk i
() 5L A PRAZ T R A FIC A TR R miRNAFY, BR T
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A 38 A5 S A ) B (AN 1 6B 7, R T L4 1
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(b)  Microarray side view

EERER i !

5 5 with substrate into

ol LI el LI LI el fof Jo [/ o femtoliter well array

T

oil; each well

one microbead

I Dl o

counts the active

) gip pinip § popig O

Microarray top view

Number of active wells increases with target
concentration

FI6 e 2k 84 T W 91K B AR i 77 MicroRNA K
W, (a) B34 miRNA 43Fil 0t 5 4 Y 2 AL R
AR TREH 2SS BIREH L RO R T itk . BEJS A
R SR M R 55 MR AR IC AR B9 miRNA 254,
LMEAE 5 9B & N R 9OEE S . (b) B
MRS TR IR — A CTHAL RS, B
I E . SRR EIOERI B H AR miRNA
TR RE TR

Fig. 6 MicroRNA detection with digital single molecule

detection technology™. (a) Individual miRNA mo-
lecules are captured by hybridization to probe-
coated paramagnetic beads, along with biotinylated
detector probe. The streptavidin-conjugated  en-
zyme is subsequently added to label the captured
miRNA complex, to allow generation of a fluores-
cent signal upon incubation with a fluorogenic en-
zyme substrate. (b) Individual beads are loaded
along with fluorogenic substrate into a femtoliter
microwell array, which is subsequently sealed with
oil. The number of fluorescent “on” wells is then
counted as a digital readout of the target miRNA

concentration

222 @k

B IR U AR fe Ky SRl — 2
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BB SR 5o b e R S5 0 5 b 9 H AR 43
M sa e 456, S84 S 43 Mk LB FH T A ) nie
TRV 1) B SRR 81 R 3R B2, A5 SRR W
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T A ERAS S BRI R ST i PR 57
SR S R C N OE oRlllEs 3% Nw R ivalll -t N S 710 e
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046
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J2r R, S I 16 1 MBS 15 2 S v 28] ] R 14
A, YAV TS KRGO G B, BT
AKEIE S (WGM SRR ) . #ig I, A=Y
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e — e Al ORI AR KR (AR AR (e Y SR
PR BT R A AR O, I FH IR e 2 T S 4t
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PRAH153 -0 v RO (AN &L 7 Fies, R 1 D 40
FIE OB, R T 6 WGM BYAG I BE /732 7131
LT, BT LLE S 4 R 4ok S5 T
A3 PR ELAE AT SE B, i FH 4R 4 K 5 4K
B2 v HH AT SRR B R R R, DA iR
T EAE R . SR, X R ik 3k A5 10
AT B, S EUL IR 6N, AU
RGN KL T 145 G5B 3 I R A, 765 NPs 45
GE, B ES TR IgER A, B —Fh e
J62% WGM 5 (s A ML AR FE AR B 1) A5 I
T2, ANZ PG AR N S, HH 2 A 4 T
SRR A3 W IR T, LR AT FAH X TR
ARG A WAL, W AT LAYE S Hz 28 58 B9 A% Vm
B ER 1 A TP LR % (OMO), 417 1 45
SRANE B YR PT LA 322 Fh s % S A D S5 1
FE o BTN A S5Ot & — R Lz
3f, OMO 531 & L g T & A3 A X T WGM
FEYRALE B JSIECY, O TR 2 B A 4
T BLAH o0 A R S AR R (BT AR B Bk A
B MR E AR HA RN 4 F ) X WGM
PEATIEME, FEA R TFRE AR 20T 2 B AL IR X I,
iy, S SFEIRER WS, i FX—8%,
WGM T #H TR 3 . B 5T S i
S HARREIN . 5T 5 3 T2 b B AR ARG I )
KIGFF AR A T RSB E 5 Ak, it
ACARRGI IB H, th AT DA B P SO [ AR A o7

PR AR RSN 157, XM RS WOM 12y
FCZ ] LAGEEE H 5 ) =4k 3h g ik B 0
R, WA T B A E R T A

) Evanescent field
Gold nanorod
¢ Sub-kDa molecule

K7 iR R N SR B WGMEY
Fig. 7 Illustration of a WGM cavity excited by frustrated

total internal reflection at a prism surfacel®'!

231 BT E R

WGM B K 7 125 Ry Tehs ke i, X 4319
FARVEAE IO LR, 38 5 {5 Rl 43+ Rt
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B RSB B RERL T IU4E &, Tl i/
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2. Virus capture

3. Raman dye-labeled
secondary aptamers
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Fig. 8 Detection of virus particles of aptamer on solid sub-

strates!””!
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DL Sy Tt vy e S e v SR R Tl AR A T A
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PET UL I0 F F - i ) ) 3k T vk SRR AT DA
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n, i EA R VIR w4 AN [F] Cas Bl 1T 2

Complementary

RNA

Q.
~ X'#

~ N
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i
e N g tracrRNA

N
Cas13 nuclease
activated by target
sequence cleaves
the fluorescent
RNA reporter

. »
w- 1
g tractrRNA

Cas 12a nuclease activated
by target sequence cleaves
the fluorescent RNA reporter

K9 WIRINGEE RNA (9 CRISPR 735, (a) SHERLOCK J5#; (b) DETECTR J5i
Fig. 9 Two CRISPR methods for detecting viral RNA™. (a) SHERLOCK assay; (b) DETECTR assay



890 RED2E (RgEs)

15%

# SHERLOCK lI5E, 528 T 4 1~ RNA 1 DNA 4
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Tab.1 Advantages and disadvantages of various methods of single molecule biological detection

Single molecule methods Main detection molecules

Main advantages

Main disadvantages

Nanopore RNA, proteins, and polypeptide
SERS Virus, protein, biomarkers

Digital single molecule ~ Nucleic acid, protein, small molecule
WGM Virus, Protein conformation etc.

CRISPR Nucleic acid

Long and short chains of DNA and Required low sample volume; compact
and simple; allows label free detection

High sensitivity; high selectivity

High specificity; quantitative; wide
dynamic range
High sensitivity; easy to manufacture;

Low cost; high efficiency

Prone to error; high cost

Nonspecific binding with interfering
molecule can give false signals

Limited multiplexing capabilities; high cost

Low specificity, limited to frequency
and wavelength
Not suitable for multiple analyte detection,
required sample pretreatment

low cost

4 RERBEBREL
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TEARESR AL 0 A BB R S 1, B T
RGN H A 2 AT LA SE B A 03 1 R0 E B O3
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