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Abstract

The clustered regularly interspaced short palindromic repeats (CRISPR) system is widely used for genome editing because of
its ability to cleave specific DNA sequences. Recently, RNA-specific CRISPR systems have been reported. CRISPR systems,
consisting of a guide RNA (gRNA) and a nuclease-dead form of Cas13a (dCas13a), can be used for RNA editing and visualiza-
tion of target RNA. In this study, we examined whether a recombinant CRISPR/dCas13a ribonucleoprotein (RNP) complex
could be used to inhibit reverse transcription (RT) in a sequence-specific manner in vitro. Recombinant Leptotrichia wadei
dCas13a was expressed using the silkworm-baculovirus expression system and affinity-purified. We found that the CRISPR/
dCas13a RNP complex, combined with a chemically synthesized gRNA sequence, could specifically inhibit RT of EGFR and
NEATT1, but not nonspecific RNA. Thus, the CRISPR/dCas13a RNP complex can inhibit RT reactions in a sequence-specific
manner. RT inhibition by the CRISPR/dCas13a system may be useful to assess target binding activity, to discriminate RNA
species retaining target sequences of gRNA, or to suppress RT from undesirable RNA species.
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Introduction

The clustered regularly interspaced short palindromic repeats
(CRISPR) and associated Cas protein system are part of the
adaptive immune machinery of bacteria and archaea to defend
against foreign DNA elements [1, 2]. In particular, the CRISPR/
Cas9 system from Streptococcus pyogenes is widely used for ge-
nome editing [3, 4]. In the CRISPR/Cas9 system, a nucleotide se-
quence complementary to a guide RNA (gRNA) sequence is

cleaved, which can occasionally introduce nucleotide mutations
in a target cell.

Recently, the CRISPR/Cas13a system was identified to target
RNA and has since been used for RNA editing [5, 6]. Because
CRISPR/Cas13a can distinguish a single-nucleotide difference in
a target sequence, it can also be applied to detect and discrimi-
nate subtypes of RNA viruses or single-nucleotide mutations in
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Figure 1: application of the recombinant dCas13a/gRNA RNP complex for se-
quence-specific inhibition of RT. In this schema, the recombinant CRISPR/
dCas13a RNP complex functions as an RT blocker in a sequence-specific man-
ner. The blocking effect can be evaluated by subsequent PCR analysis

transcribed genes of cancer cells [7, 8]. In addition to RNA edit-
ing and detection, the nuclease-dead form of Cas13a (dCas13a)
can be used to tag and locate RNA in cells [9]. Thus, CRISPR/
Cas13a is widely applicable to RNA biology.

In this study, it was examined whether CRISPR/dCas13a can
be used as a sequence-specific blocker, by inhibiting reverse
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transcription (RT) with reverse transcriptases in a test tube
(Fig. 1). To achieve this, a recombinant Leptotrichia wadei
dCas13a (Lw-dCas13a) was produced. It was determined that a
ribonucleoprotein (RNP) complex, consisting of the recombinant
dCas13a protein and synthetic gRNA, can be used as a se-
quence-specific blocker for RT reactions. This RT inhibition sys-
tem may be used to estimate whether designed gRNAs can be
functional in vitro or suppress RT of undesirable RNA species.

Materials and methods

Cell lines

The human lung cell lines, MRC-5 and NCI-H1299, were pur-
chased from American Type Culture Collection (Manassas, VA,
USA). MRC-5 was cultured in Eagle’s minimal essential medium
(E-MEM) (Wako, Osaka, Japan) supplemented with 10% fetal bo-
vine serum (FBS). NCI-H1299 was cultured in RPMI-1640 (Wako,
Osaka, Japan) supplemented with 10% FBS.

Preparation of a recombinant dCas13a protein

To produce a recombinant dCas13a (r3xFLAG-dCas13a-D) pro-
tein, an expression construct of Lw-dCas13a [9] was first gener-
ated. Next, the recombinant Lw-dCas13a protein was expressed
using the silkworm-baculovirus expression system, then affin-
ity-purified (ProCube®, http://procube.sysmex.co.jp/eng/)
(Sysmex Corporation, Hyogo, Japan) as described previously
[10]. The final protein concentration was 1.2 pg/pl.

Preparation of dCas13a/gRNA RNP complexes

gRNAs were synthesized by Gene Design, Inc (Osaka, Japan)
(Supplementary Table S1). The synthesized gRNAs were diluted
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Figure 2: preparation of a recombinant dCas13a protein. (A and B) Preparation of r3xFLAG-Lw-dCas13a-D, a recombinant dCas13a protein. Proteins were subjected to
SDS-PAGE followed by Coomassie Brilliant Blue staining (CBB) (A) or immunoblot analysis with anti-Dock Ab (IB) (B). Marker: molecular weight marker. The lysate, su-
pernatant, and precipitant were all products of silkworm pupal homogenates. The flowthrough, wash, and eluate samples were products of affinity purification. The

position of r3xFLAG-Lw-dCas13a-D is shown with arrowheads
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with nuclease-free water to a final concentration of 10 uM. 1 pul
of gRNA was mixed with 3 pl of nuclease-free water and then in-
cubated at 100°C for 2min and cooled to room temperature. To
make the dCas13a/gRNA RNP complex, 0.4l of recombinant
dCas13a protein (0.48nug), 0.92ul of gRNA, and 3.68 ul of nucle-
ase-free water were mixed in a total volume of 5 pl.

RT reactions

Total RNA was extracted from MRC-5 or NCI-H1299 using Isogen
II (Nippon Gene, Tokyo, Japan). Total RNA from either of these
cell lines was used throughout this study. RT was performed us-
ing ReverTra Ace qPCR RT Kit (Toyobo, Shiga, Japan). Briefly, 1l
of the total RNA (100ng for Supplementary Figs S4 and S5 or
10ng for others), 2 ul of 5x RT buffer, 0.5 pl of enzyme mix, 0.5 ul

A dCas13a/gRNA
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of oligo(dT)20 primer (FSK-201, Toyobo), 5ul of the dCas13a/
gRNA RNP complex, and 1 pl of nuclease-free water were mixed
in a total volume of 10 ul. Reaction mixtures were incubated for
15min at 37°C, followed by 5min at 98°C. After the RT reaction,
20 pl of nuclease-free water was added (total 30 pl).

Real-time PCR analysis

Real-time PCR was performed using THUNDERBIRD® SYBR gPCR
Mix (Toyobo). Briefly, 2ul of cDNA, 0.5uM of each primer, and
nuclease-free water were combined with THUNDERBIRD® SYBR
gPCR Mix in a total volume of 10 pl following the manufacture’s
protocol. The PCR cycling conditions using CFX Connect™ (Bio-
Rad, Hercules, CA, USA) were as follows: 1 cycle of 95°C for
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Figure 3: sequence-specific inhibition of RT by the recombinant dCas13a/gRNA_EGFR RNP complex. (A) Schematic diagram of target and primer positions. (B) Primer
positions are shown in red, and the cDNA sequence corresponding to gRNA targeting EGFR RNA is highlighted. (C) RT reactions in the presence of the dCas13a/
gRNA_EGFR RNP complex, the dCas13a protein alone, or the gRNA_EGFR alone. To evaluate RT blocking effects, the cDNA was subjected to real-time PCR to amplify
EGFR and GAPDH. (D) Results with normalization to GAPDH. Error bars represent the standard deviation of three independent RT experiments (C and D). P-values
(*<0.05, ™ <0.01, * < 0.001) are shown when statistical significance was achieved
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1min; 40 cycles of 95°C for 15s; and 60°C for 30s. Primers used
in this study are shown in Supplementary Table S1.

Statistical analysis

Statistical analysis was performed with the Prism software 6
(GraphPad, San Diego, CA, USA) using one-way analysis of
variance.

Results and discussion

First, a recombinant L. wadei dCas13a (r3xFLAG-Lw-dCas13a-D)
protein was generated using the silkworm-baculovirus expres-
sion system. r3xFLAG-Lw-dCas13a-D could be purified without
visible degradation (Fig. 2A and B).

Next, it was examined whether the RT reactions were dis-
turbed in the presence of the purified r3xFLAG-Lw-dCas13a-D
alone. Using 10ng of the MRC-5 total RNA, RT reactions were
performed in the presence or absence of the protein. The syn-
thesized cDNA products from the RT reactions were then used
for real-time PCR. It was determined that 0.24 ug of r3xFLAG-Lw-
dCas13a-D did not inhibit 10 ul of RT reactions of EGFR, a target
RNA in this study (see below) (Supplementary Fig. S1). However,
0.96 ug of the protein showed modest nonspecific inhibition of

A

NEAT1 cDNA (around gRNA_NEAT1 target)

RT reactions (Supplementary Fig. S1). Therefore, hereafter,
0.48 ug of the dCasl3a protein was used for RT reactions (see
Materials and Methods section).

Next, it was examined whether the dCas13a/gRNA RNP com-
plex could inhibit RT reactions in a sequence-specific manner.
To this end, a reported gRNA targeting the wild-type EGFR se-
quence (gRNA_EGFR) [7] was used (Fig. 3A and B; Supplementary
Table S1). Because we previously confirmed that wild-type EGFR
mRNA is expressed in various lung cells, such as a normal lung
fibroblast cell line, MRC-5, and a nonsmall cell lung carcinoma
cell line, NCI-H1299 [11], total RNA was extracted from MRC-5
and used as a model RNA. RT reactions were performed using
total RNA and the oligo(dT) primer in the presence of the
dCas13a/gRNA_EGFR RNP complex, the dCas13a protein alone,
or the gRNA alone. cDNA was subjected to real-time PCR to eval-
uate their RT-blocking effects. In this study, a pair of primers be-
tween which the target site is located was used for real-time
PCR because RT proceeds from somewhere in RNA even in the
absence of primers (primer-independent cDNA synthesis) [12,
13] (Supplementary Fig. S2A) and a primer set upstream of the
target site may obscure the evaluation of RT-blocking effect
(Supplementary Fig. S2). As shown in Fig. 3C, decreased PCR am-
plification of EGFR occurred when the cDNA was synthesized

5’..ctaaattgagcctccggtcatactagttttgtgcttggaaccttgcttcaagaagatc
cctaagctgtagaacattttaacgttgatgeccacaacgcagattgatgccttgtagatgga
gcttgcagatggagccccgtgacctctcacctacccacctgtttgectgecttettgt..3”
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Figure 4: sequence-specific inhibition of RT by the recombinant dCas13a/gRNA_NEAT1 RNP complex. (A) Target and primer positions. Primer positions are shown in
red, and the cDNA sequence corresponding to gRNA targeting NEAT1 RNA is highlighted. (B) RT reactions in the presence of dCas13a/gRNA_NEAT1 RNP complex. To
evaluate the RT-blocking effect of the dCas13a/gRNA_NEAT1 RNP complex, the cDNA was subjected to real-time PCR to amplify NEAT1, EGFR, and GAPDH. (C) Results
with normalization to GAPDH. Error bars represent the standard deviation of three independent RT experiments (B and C). P-values (*< 0.05, ** < 0.01) are shown when

statistical significance was achieved
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with the dCas13a/gRNA_EGFR RNP complex. Although the
dCas13a protein or the gRNA alone showed decreased EGFR PCR
amplification, probably in a nonspecific manner, the dCas13a/
gRNA RNP complex was most effective to suppress PCR amplifi-
cation. The dCas13a/gRNA_EGFR RNP complex did not specifi-
cally suppress PCR amplification of GAPDH included as a
negative control target, compared with the dCas13a protein or
the gRNA alone (Fig. 3C). Normalization of EGFR to GAPDH dem-
onstrated a significant decrease in PCR amplification by the
dCas13a/gRNA_EGFR RNP complex (Fig. 3D). These results sug-
gest that the dCas13a/gRNA_EGFR RNP complex is capable of
target-specific inhibition of RT reactions.

To validate sequence-specific inhibition of RT by the
dCas13a/gRNA RNP complex, another gRNA was designed to
target a noncoding RNA. In this study, we targeted NEAT1 [14] as
a model RNA (Fig. 4A and Supplementary Table S1). When the
cDNA was synthesized with the dCas13a/gRNA_NEAT1 RNP
complex and then subjected to real-time PCR with a pair of pri-
mers between which the target site is located, we found de-
creased amplification of NEAT1, but no significant differences
with EGFR nor GAPDH (Fig. 4B). When normalized to GAPDH, a
decrease in NEAT1 PCR amplification but not EGFR was demon-
strated by the dCas13a/gRNA_NEAT1 RNP complex (Fig. 4C). We
also observed sequence-specific inhibition of RT reactions by
the dCas13a/gRNA_EGFR or gRNA_NEAT1 RNP complex when
total RNA extracted from NCI-H1299 was tested as a template
(Supplementary Figs S3 and S4). We also tested another gRNA
targeting a NEAT1 sequence (gRNA_NEAT1 2). As shown in
Supplementary Fig. S5, dCas13a/gRNA_NEAT1_2 RNP demon-
strated strong inhibition of RT reactions for NEATI in a se-
quence-specific manner although moderate nonspecific
inhibition effect to GAPDH was also observed. Together, these
results showed that the dCas13a/gRNA RNP complex could per-
form sequence-specific inhibition of RT reactions.

This study showed that the dCas13a/gRNA RNP complex can
be used as a sequence-specific blocker to inhibit RT reactions.
This system is potentially useful to examine the targeted bind-
ing efficiency of CRISPR/Cas13a in a test tube, independent of
cleavage activity. In addition, this system could be used to avoid
RT of undesirable or redundant RNA species, such as ribosomal
RNA. In this context, CRISPR/Cas13a could be used to cleave tar-
get RNA. However, CRISPR/Cas13a cleaves collateral as well as
target RNA [5], which may affect RT efficiency. To evaluate the
utility of this RT blocking system, other CRISPR/dCas13a ortho-
logs and RT enzymes (kits) could be tested. In addition, endoge-
nous inhibition of RT from the retroviral RNA genome may be
an interesting issue from the viewpoint of clinical application.

Supplementary data

Supplementary data is available at Biology Methods and
Protocols online.
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