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Establishment of in vitro transcription system based on RNA-dependent
RNA polymerase (RdRp) of Little cherry virus 1

Xinran Cao%, Yalan Wang', Guowei Geng!, Yifan Sun?, Chenmeng Gao® Deya Wang*, Xuefeng Yuan"

!College of Plant Protection, Shandong Agricultural University, Tai'an, 271018, P. R. China; 2College of Plant Health and Medicine,
Qingdao Agricultural University, Qingdao, 266109, P. R. China; 3College of Life Sciences, Zaozhuang University, Zaozhuang,
277160, P. R. China

Received August 24, 2020; revised September 16, 2020; accepted February 5, 2021

Keywords: Little cherry virus 1; RNA-dependent RNA polymerase; transcription system

Little cherry virus 1 (LChV-1), belonging to the genus
Closterovirus, family Closteroviridae, causes little cherry
disease (LCD)with varying symptoms. LChV-1has a posi-
tive single strand RNA genome with 17,000 nt length and
no poly(A) tail or tRNA-like structure at the 3'-terminal
region (1-3). At present, studies on LChV-1 have primarily
focused on virus detection, genomic cloning and mo-
lecular evolution (4), but no research investigating the
mechanism of LChV-1genome replication was performed.
Viral replication includes synthesis of nucleic acids
and viral protein translation. Currently, virus-infected
cultured cells and heterologous expression systems are
used in the research of viral replication (5). Heterologous
expression systems have been used to study the mecha-
nism of genome replication of several plant RNA viruses
(6,7). Replicases purified from virus-infected cells usu-
ally have properties resulting from post-translational
modifications that can hamper protein purification.
However, replicases obtained from heterologous sources

‘Corresponding authors. E-mail: snowpeak77@163.com, phone:
+86-538-8205608 (X. Yuan); E-mail: wangdeyasdny@163.com,
phone: +86-632-3786774 (D. Wang). “These authors contributed
equally to this manuscript.

Abbreviations: LCD = little cherry disease; LChV-1 = Little
cherry virus 1; RARp = RNA-dependent RNA polymerase

(i.e. Escherichia coli) have no such properties, and are,
therefore, favorable for high-purity isolation (8). In this
study, we developed aninvitrotranscription system based
on prokaryotically expressed LChV-1 RdRp.

In order to facilitate the study on replication of LChV-],
RNA-dependent RNA polymerase (RdRp) of LChV-1 was
expressed and purified. To amplify LChV-1 RdRp, the
plasmid pMAL-LChV/RdRp was constructed by insert-
ing the coding sequence of LChV-1 RdRp (1428 nt) into
the vector pMAL-C2X. The coding sequence of RARp was
amplified using primers LCh1-BamHI-7070-F (5-AAGGATC
CATGGACTTGACTTTCAATGG-3') and LCh1-Sall-8497-R
(5'-TTGTCGACCTATTACAACTGAATACTAATATCGT-3'),
and was ligated to pMAL-C2X by double digestion with
BamHI and Sall. The correct insertion (LChV1 RdRp)
was confirmed by DNA sequencing. The expression of
MBP-LChV/RdRp, which has the molecular weight ap-
proximately equal to the sum of MBP tag (40 kDa) and
RdRp (50 kDa), was induced in E. coli using 0.4 mmol/l
IPTG and cultured at 18°C. Bacterial cells were disrupted
by sonication and the supernatant was subjected to af-
finity chromatography using amylose resin (NEB) as a
matrix. In addition, to prepare RNA template for in vitro
replication reaction, LChV-1 genomic fragment contain-
ing T7 promoter was prepared by PCR (primers for 3'UTR:
LChV-1-T7-3F: 5'-ATtaatacgactcactataggGTTTATAATAA
GTTTCTATATTATAAATATATTATCAA-3'; LChV-1-3R:
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In vitro transcription using RdRp of Little cherry virus 1
(a) A schematic diagram of in vitro replication; (b) In vitro transcrip-
tion, 5U indicates 5' terminal 75 nt of LChV-1 genome, int indicates
268 nt from position 271 to position 538 in LChV-1 genome, 3U indi-
cates 3'terminal 207 nt of LChV-1 genome.

5'GCACCTTTTATTTTTTATATATGCA-3' Primers for 5UTR:
LChV-1-T7-5F:5'-ATtaatacgactcactataggCGTTTTTATCTCC
CAGCTTT-3'; LChV-1-5R: 5" TACTGAAAGGAAAGTTGCG-3.
Primers for theinternal fragment LChV-1-T7-int271F: 5-AT
taatacgactcactataggCCCGCAGCAATGAAGACATTCTC-3
LChV-1-int538R 5-TACAGCAACATCAGCACTTGAAA-3") on
a large scale and purified by gel extraction kit (TaKaRa).
Then RNA was transcribed in vitro with the bacteriophage
T7 RNA polymerase (Promega) and RNA integrity and
concentration were verified by 1.0% agarose gel electro-
phoresis.

To analyze the RNA polymerase activity and template
specificity of MBP-LChV/RdRp fusion protein, three
different RNA fragments corresponding to the LChV-1
genome (5U:5'UTR 75 nt; int: internal fragment 276 nt; 3U:
3'UTR 207 nt) were used as templates for in vitro replica-
tion reaction. MBP-LChV/RdRp specifically recognized
the 3' end (3U) of LChV-1 RNA genome and synthesized
its complementary strand, whereas MBP-LChV/RdRp
was not able to synthesize the complementary strands
from the 5' end or internal fragment of LChV-1 genome

(Fig.1).In a control experiment, MBP protein alone did not
synthesize the complementary strand of the 3'end (Fig. 1).
Thisresultindicates that MBP-LChV/RdRp fusion protein
has an RNA polymerase activity and 3'-terminal region
contains a specific regulatory sequence or structure that
is important for LChV-1replication.

In this study, we used a prokaryotic expression system
toproduce LChV-1RdRp that has RNA polymerase activity
for transcription of 3-terminal region of LChV-1 genome
RNA. LChV-1is the main causative pathogen of LCD that
affects cherry production worldwide. LChV-1 infection
causes serious damage in cherry production (4,9). Due to
the importance of the disease, current research focuses
on LChV-1 detection and genome diversity. Considering
the prevalence of complex infection of virus diseases in
fruit trees, further detailed studies are needed to investi-
gate whether the replication of different viruses infecting
small fruit is compatible among each other,and whether
LChV-1 RdRp can facilitate the replication of other fruit
tree viruses. The in vitro transcription system that we
have established in this study can be used as a research
tooland material for the future studies on the mechanism
of replication of LChV-1and other RNA viruses.
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