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EXPERIMENTAL RESEARCH

DIRECT DETECTION OF MIRNAS MIR-34A, -145, AND -218 WITH CRISPR/CAS13A-NUCLEASE

0.S. Timoshenko*, L.K. Kurbatov, S.A. Khmeleva, K.G. Ptitsyn, S.P. Radko, A.V. Lisitsa

Institute of Biomedical Chemistry, 10 Pogodinskaya str., Moscow, 119121 Russia; e-mail: ryzhakova.olga@list.ru

Using CRISPR/Cas13a-nuclease we have demonstrated a feasibility of direct detection of three miRNAs, miR-34a, -145, and -218 (their
molecular signature is suggested as a diagnostic and prognostic biomarker in cervical cancer),. The detection is based on registration of a cleavage
of molecular reporters bearing a fluorophore and a quencher by the complex of CRISPR/Cas13a-nuclease and guide RNA (gRNA) with a spacer
of 21-23 nucleotides long. The detection sensitivity varied among miRNAs tested by 10-fold, presumably due to the unwanted intramolecular
partial base paring of gRNA. The miRNA detection with Cas13a nuclease strongly depended on the presence of background RNA thus potentially
compromising its direct application to complex media in a general case. Further optimization of measurement conditions including probably an
additional amplification of the signal generated by collateral activity of Cas13a nuclease is necessary to directly detect miR-34a, -145, and -218 in

biological samples.
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INTRODUCTION

Small non-coding RNA molecules known as
microRNAs (miRNAs) play an important role in
posttranscriptional regulation of gene expression
[1,2]. AmiRNA is transcribed as a primary microRNA
in the nucleus and exported to the cytoplasm as
a precursor miRNA where it is processed into a
mature miRNA of 18 to 25 nucleotide (nt) long [3].
Aberrations in miRNA expression were shown to
closely associate with various diseases including
cancer [2, 3]. Due to involvement of miRNAs in
cellular regulatory processes, they are considered as
promising biomarkers of pathological states, with a
focus on detection of cell-free miRNAs circulating in
body fluids [4, 5].

The common approach to detection of circulating
miRNAs relies on polymerase chain reaction (PCR),
using a combination of stem-loop and conventional
primers [4, 6]. While PCR is performed in specialized
laboratories and requires expensive equipment,
presently there is a worldwide call for easy-to-use
technologies, which can bring diagnostics closer
to a final user — the format known as “point-of-care
testing” (POCT) [7]. The emerging CRISPR-based
molecular diagnostics relying on the wuse of
CRISPR/Cas-nucleases per se or in combination with
isothermal amplification methods promises the rapid,

sensitive, and inexpensive detection of nucleic acids
and appears to well suit the POCT requirements [8].

Among CRISPR/Cas-nucleases, Cas13a nuclease
(further referred to as Casl3a for simplicity) forms
a complex with the RNA molecule of a specific
sequence — the so-called “guide RNA” (gRNA). The
sequence of gRNA is composed of a part responsible
for interaction with Casl3a (‘direct repeat’) and a
part (28 nt long “spacer”) complementary to a target
sequence (“protospacer”) [9]. Casl3a activates only
if an almost perfect heteroduplex between spacer
and protospacer is formed, resulting in a nicking of a
target sequence. Upon activation, Cas13a additionally
acquires the so called “collateral” or trans-activity,
which is an ability of the nuclease to unselectively
cleave, alongside with the target RNA, all RNA
molecules present around [10].

Recently, Shan et al. [11] demonstrated that a
miRNA could be directly detected by using complexes
of Cas13a and gRNA with a spacer truncated down to
20 nt. In this work, we tested whether this approach
can be applied to directly quantify three particular
miRNAs, viz. miR-34a, miR-145, and miR-218. These
miRNAs are shown to be involved in tumorigenesis
of cervical cancer [12] and their molecular signature
was suggested as a potential diagnostic and prognostic
biomarker for this type of cancer [5].
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Table 1. Sequences of DNA oligonucleotides used as templates for the enzymatic synthesis of miRNAs and gRNAs

Name Sequence (5° — 37)

miR145-T agggattcctgggaaaactggacccctatagtgagtegtatta

miR145-G gtccagttttcccaggaatccctgttttagtccecttegtttttggggtagtctaaatcecctatagtgagtegtatta

miR218-T acatggttagatcaagcacaaccctatagtgagtcgtatta

miR218-G ttgtgcttgatctaaccatgtgttttagtceecttcgtttttggggtagtctaaatcecctatagtgagtegtatta

miR34a-T acaaccagctaagacactgccaccctatagtgagtegtatta

miR34a-G tggcagtgtcttagctggttgtgttttagtccecttegtttttggggtagtctaaatcecctatagtgagtegtatta

T7F taatacgactcactataggg
Note. The sequence of T7 RNA polymerase promoter is highlighted in bold, the sequences of gRNA spacers are underlined.
MATERIALS AND METHODS Mini Kit (“Qiagen”, Germany) according to the
manufacturers’ protocols. Small RNA (RNA of

Reagents length < 200 nt) was prepared from the total RNA

All chemicals were purchased from ‘“Merck”
(USA), if not stated otherwise, and were of the
ACS grade or higher. Solutions used were prepared
with Milli-Q quality water (18 MQ-cm). DNA
oligonucleotides listed in Table 1were chemically
synthesized and purified by “Evrogen” (Russia). The
recombinant Cas13a nuclease was expressed, purified,
and characterized as described in details elsewhere
[13, 14].

Synthesis of miRNAs and guide RNAs

To synthesize miRNAs and gRNAs, DNA
templates (Table 1) were equimolarly mixed with
DNA oligonucleotide T7F (Table 1). Its sequence
is complimentary to that of the promoter of T7
RNA polymerase (T7 promotor) and annealed by
incubating the mixture at 95°C for 2 min, followed
by cooling down to room temperature. The gRNA
was synthesized using a TranscriptAid T7 High
Yield Transcription Kit (“Thermo Fisher Scientific”,
USA) according to the manufacturer instructions and
purified by phenol/chloroform extraction followed
by ethanol precipitation. The RNA pellets were air-
dried and dissolved in nuclease-free water. RNA
concentrations were measured on a NanoDrop 1000
spectrophotometer (“Thermo Fisher Scientific”’). The
lengths of synthesized RNAs met those expected as
revealed by denaturing gel electrophoresis (data not
shown). The aliquots of miRNAs and gRNAs were
stored at -80°C until use.

Isolation of total and small RNA from cultured cells
The total RNA was isolated from XL1 Blue strain

of E. coli with ExtractRNA reagent (“Evrogen”,
Russia) and from HepG2 cultured cells with RNeasy

extracted from HepG2 cells with RNA Clean

& Concentrator-25 Kit (“Zymo  Research”,
USA) following the manufacturer’s instruction.
RNA concentrations were determined
spectrophotometrically on a NanoDrop 1000

spectrophotometer. Aliquots of total and small RNA
preparations in nuclease-free water were stored at
-80°C until use.

Measurement of collateral activity of Casl3a
ribonuclease

To measure the Casl3a collateral activity,
RNaseAlert® Lab Test Kit v2 (“Thermo Fisher
Scientific”’) was used. The kit includes reporters which
are short RNA molecules labelled with a fluorescent
dye (presumably fluorescein) and a quencher (further
referred to as FQ-reporters). Upon cleavage of
a FQ-reporter, the fluorophore and the quencher
separate; this results in an increase of fluorescence.
The sample preparation was carried out as described
earlier [14], with gRNA/Casl3a complexes formed
at a molar ratio of 4:1. The TECAN Infinite 200 Pro
plate reader (“TECAN”, Austria) was used to monitor
fluorescence at 490 nm and 520 nm wavelengths
for excitation and emission, respectively. Each 50-
uL sample contained 650 ng of Casl3a and varying
amounts of miRNAs tested in the absence or presence
of either total or small RNA as a background.

RESULTS AND DISCUSSION

Figure 1 shows the kinetics of FQ-reporter
cleavage by Casl3a in the presence and absence
of target miRNAs. As seen, despite the truncation
of a gRNA spacer length down to 21-23 nt, the
gRNA/Casl3a complexes are indeed able to recognize
targets and acquire the collateral activity. The values
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Figure 1. The representative kinetic curves of a cleavage of FQ-reporters
by Casl3a nuclease: the fluorescence intensity (in arbitrary units, a.u.)
in the absence (curves 1, 2, and 3) and the presence (curves 4, 5, and
6) of miRNAs is shown at every measurement time point. Casl3a in
the complex with gRNA targeting miR-145 (curves 1 and 4), miR-218
(curves 2 and 5), and miR-34a (curves 3 and 6). 30 ng of miRNA per
reaction.

of fluorescence at 1 h incubation time where they
reached or approached a plateau (Fig. 1) were chosen
to further evaluate the detection of a target miRNA by
a gRNA/Cas13a complex.

Figure 2 demonstrates that Cas13a in the complex
with the truncated gRNA does selectively recognize
the corresponding target miRNA in the presence
of two other miRNAs tested. The dependences of
FQ-reporter cleavage on the amount of target present
in the reaction mixture for each target miRNAs are
shown in Figure 3.

For two miRNAs, miR-218 and -34a, the
dependencies were quite similar, with a fast increase
and a further saturation at approximately 30 ng
(corresponding to 4 pmol) of a target miRNA in the
test sample. For miR-145, the fluorescence increase is
also saturated at 30 ng of the target but at a substantially
lower level (Figure 3). The low limit of detection
(LOD) for miR-218 and miR-34a was estimated as
~1 ng per reaction (140 fmol per reaction = 80 nM in
the reaction mixture), based on a signal-to-noise ratio
of 3, while for miR-145 it was about 10 ng (1.4 pmol).

The LODs for miR-218 and miR-34a are much
lower than LOD for miR-145 though the latter is the
longest miRNA out of three tested (21 and 22 nt vs.
23 nt, Table 1). Also, stability of the target/spacer
heteroduplex (which can be affected not only by the
oligonucleotide length but also by its sequence) was
the highest for miR-145 among miRNAs tested, as
estimated by calculating values of free energy with the
RNAcofold tool available at http://rna.tbi.univie.ac.at/
cgi-bin/RNAWebSuite/RNAcofold.cgi  (AG=-44.63,
-34.64, and -42.08 kcal/mol for miR-145, -218, and
-34a, respectively). Thus, the observed differences

Figure 2. Detection selectivity. The difference between fluorescence
in the presence (F) and the absence (F ) of miRNA at 1 h incubation
time for various combinations of miRNAs. Casl3a in the complex
with gRNA targeting miR-34a (1), miR-218 (2), and miR-145 (3). Blue
bars — the mixture of three miRNAs; red bars — the mixture of two
miRNAs not matching the gRNA. 30 ng of each miRNA per reaction
tube. The mean values and the corresponding standard errors for three
independent measurements are shown.

Figure 3. Detection sensitivity. The difference between fluorescence in
the presence (F) and the absence (F ) of miRNA at 1 h incubation time
as a function of miRNA amount in the reaction tube. Curves 1, 2, and
3 — miR-145, miR-218, and miR-34a, respectively. Lines are drawn to
guide the eye. The mean values and the corresponding standard errors
for three independent measurements are shown.

cannot be accounted for by simply assuming that
the recognition of miR-145 by the corresponding
truncated gRNA is less effective due to pure physical
reasons. Furthermore, the best LOD value we obtained
(140 fmol) was dramatically higher than that of 5 amol
(that corresponded to 0.5-pM target concentration in
the reaction mixture) reported by Shan et al. for the
direct detection of miR-17 (23 nt long) [11]. To some
extent, such dramatic differences can be explained
by the fact that we performed our experiments under
rather suboptimal conditions and a better detection
sensitivity can be achieved via their optimization. Yet,
it seems doubtful that the optimization could improve
the sensitivity by more than 4 orders of magnitude.
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Figure 4. The impact of background RNA on a collateral activity of gRNA/Cas13a complex targeting miR-34a (A) or miR-218 (B). The difference
between fluorescence in the presence (F) and the absence (FO) of RNA at 1 h incubation time for various combinations of miRNAs and total RNA.
1 — miRNA only, 2, 3, and 6 — miRNA in the presence of E. coli total RNA, HepG2 total RNA, and small RNA from HepG2 cells, respectively. 4
and 5 — only total RNA from E. coli and HepG2 cells, respectively. The amount of miRNA — 3 ng per reaction tube, total and small RNAs — 100 ng

per reaction tube.

Besides that, under identical conditions, miR-34a,
-218, and -145 demonstrated a 10-fold difference
in the detection sensitivity. One cannot rule out that
for miR-34a, -218, and -145 the sensitivity, even at
optimal conditions, would remain much lower than
that reported by Shan et al. for miR-17 [I1]. It is
thought that different spacer sequencies can somehow
influence an acquiring of collateral activity by
Casl13a, for example, by affecting the formation of a
gRNA/Casl3a complex via unwanted partial pairing
of the spacer with the gRNA repeat sequence and
therefore decreasing the actual number of complexes.

To evaluate how the Cas13a-based detection of a
target miRNA would be affected by the presence of a
large variety of RNA sequences, we have added 100
ng of total RNA either from bacterial (E. coli) or from
mammalian (HepG2) cells to the reaction mixture
containing 3 ng of miR-34a (Fig. 4A) or miR-218
(Fig. 4B).

As seen, in both cases, the registered fluorescence
signal decreased by approximately twice but still
allowed to reliably detect the presence of target
miRNA in the mixture. Interestingly, neither E. coli
nor HepG2 total RNA per se produced appreciable
fluorescence signals (Figure 4) thus confirming a high
selectivity of gRNA/Casl3a complexes despite the
gRNA truncation. However, after addition of 100 ng of
small RNAs from HepG2 cells to the reaction mixture
containing 3 ng of miRNA-218, no fluorescence signal
was observed (Figure 4B). The diversity of RNA
sequences is much higher in a preparation of small
RNAs due to domination of ribosomal RNA (with a
rather limited sequence variety) in total RNA. One

may assume that short-living but multiple interactions
of target RNAs and the spacers of corresponding
gRNAs with sequences of the background RNA may
be attributed to the observed decline in the detection
effectiveness due to a partial base pairing. To some
extent, this reminds the off-target effects for the case
of small interfering RNAs (siRNAs) that is also a
result of partial base pairing (e.g., [15, 16]). While
an almost perfect base pairing of the gRNA spacer
with a counterpart RNA sequence is necessary to
activate Casl3a, the partial base pairing of gRNA
spacer with surrounding RNA sequences can interfere
with such pairing, leading to a decrease in an
effective concentration of gRNA/Casl3a complexes.
Moreover, the partial pairing of a target miRNA with
the surrounding RNA sequences can also decrease its
effective concentration by the same token. In overall,
this can make the direct Casl3a-based detection
of miRNAs in a complex medium the additionally
sequence-dependent, providing acceptable sensitivity
for ones [11] but not for other miRNAs.

Alongside with direct detection of miRNAs
with Casl3a, using the simple technique based on
a cleavage of FQ-reporters to register the Casl3a
collateral activity as in [11] and the present study, more
sophisticated approaches were suggested where the
additional signal amplification was employed. These
approaches include the enhancement of the reporter
cleavage signal by means of glucose oxidase mediated
conversion of glucose with hydrogen peroxide
formation [17, 18], by isothermal amplification
methods such as catalytic hairpin assembly (CHA)
[19] and exponential amplification reaction (EXPAR)
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[20], or by combining the reporter cleavage by Cas13a
with subsequent activation of CRISPR/Cas-nuclease
Casl2a or Casl4a [21, 22]. In the most cases, the
outstanding values of LOD ranged from few zmol to
amol per reaction were reported. Apparently, so high
sensitivity can alleviate the problem of partial base
pairing resulting in a decrease of the effective target
concentration and potentially provide the detection of
miRNA of any sequence in a complex medium.

CONCLUSION

In this study we have demonstrated the feasibility
of direct detection of three miRNAs, miR-34a, -145,
and -218. It is based on the registration of a cleavage
of molecular reporters bearing a fluorophore and a
quencher catalyzed by CRISPR/Casl3a-nuclease
activated by the presence of a target miRNA. Among
the miRNAs studied tested the detection sensitivity
varied by 10-fold, presumably due to the unwanted
intramolecular partial base paring of gRNA. The
miRNA detection with Casl3a nuclease strongly
depended on the presence of background RNA thus
potentially compromising its direct application to
complex media in a general case. Further optimization
of measurement conditions including additional
amplification of the signal generated by collateral
activity of Casl3a nuclease is necessary for direct
detection of miR-34a, -145, and -218 in biological
samples.
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IPSIMAS JETEKIIUA MUKPOPHK MIR-34A, -145 1 -218 C IOMOLIBIO CRISPR/CAS13A-HYKJIEA3bI

O.C. Tumowenko*, JI.K. Kypoamos, C.A. Xmenesa, K.I. IImuywvin, C.I1. Paovko, A.B. /Tucuya

HayuHo-nccnenoBarebCKuii MHCTUTYT OMOMeAuIIMHCKOI xuMun umenu B.H. OpexoBuua,
119121 Mocksa, yi. [Torogunckas, 10; *e-mail: ryzhakova.olga@list.ru

[Toka3aHa BO3MOXHOCTh HpsiMoii nerexumu Tpex MUKpoPHK, miR-34a, -145 u -218 (4bs MonekynmsipHas CUrHaTypa INpeijaraeTcs Kak
JIUAarHOCTHYECKUI U MPOTHOCTUYECKHI OMoMapkep mpu pake mieiiku matku), ¢ momorisio CRISPR/Casl3a-nykneassl. JleTekiys OCHOBaHO Ha
PETHCTpaLUK PaCIISIICHHS MOJICKYIISIPHBIX «pernopTepoB» — kopotkux PHK-onuronykieoruaos, Hecymux ¢uyopodop 1 racHTesib — KOMILIEKCOM
CRISPR/Cas13a-nykneasst n nampasistomein PHK (HPHK) co cnelicepom amuHo# 21-23 Hykneotnaa. UyBCTBUTENBHOCTH OOHApyXEHUS
BapbupoBana 10-kpaTHO cpeau TecTHpoBaHHBIX MHUKpoPHK, mpeamonoxuTenpHO W3-32 HEXKENaTeNnbHOTO BHYTPHMOJIEKYISIPHOTO YaCTHYHOTO
crniapuBanus ocHoBanuii HPHK. O6HapyskeHno, uto nerexuunst MukpoPHK ¢ momorsio Hykiieasst Casl3a CHIBHO 3aBUCHT OT HPUCYTCTBUSI (POHOBOIH
PHK, 4to B 00111eM ciydae MOXET 3aTPyAHUTh TAKyO IETEKIHIO B CJIOKHOM MaTpHuKce. JlanbpHeiinias onTuMHU3aiis yCIOBH H3MEePEHH s, BKITIOYasl,
BEPOATHO, JONONHUTEIbHOE YCUJIEHHE CHTHajla, TeHepHpPYeMOro KoylaTepalbHOM aKTUBHOCTBIO Hykieasbl Casl3a, HeoOxomuma [yl IpsSMOM
nmetekuud miR-34a, -145 u -218 B 6uonornyeckux odpasiax.

Kirwuessbie ciioa: mukpoPHK; nerexkuus; CRISPR/Cas-nykiieasa
OUHAHACHUPOBAHHUE

Pa6ora BeinosHeHa B paMkax [IporpaMmel GyHIaMEHTAIBHBIX HAYYHBIX HCCIIeA0BaHuiA B Poccuiickoii Denepalinu Ha JOIT0CPOUHbIH
nepuon (2021 - 2030 roasr) (Ne 122030100170-5).

[Moctymuna: 10.10.2023, nocne nopadorku: 15.11.2023, npunsta k myonukanuu: 17.11.2023



	_Hlk104308561
	_GoBack
	_GoBack

