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Brain cytoplasmic 200 RNA (BC200 RNA) is proposed to act 
as a local translational modulator by inhibiting translation after 
being targeted to neuronal dendrites. However, the 
mechanism by which BC200 RNA inhibits translation is not 
fully understood. Although a detailed functional analysis of 
RNA motifs is essential for understanding the BC200 
RNA-mediated translation-inhibition mechanism, there is little 
relevant research on the subject. Here, we performed a 
systematic domain-dissection analysis of BC200 RNA to identify 
functional RNA motifs responsible for its translational- 
inhibition activity. Various RNA variants were assayed for their 
ability to inhibit translation of luciferase mRNA in vitro. We 
found that the 111–200-nucleotide region consisting of part of 
the Alu domain as well as the A/C-rich domain (consisting of 
both the A-rich and C-rich domains) is most effective for 
translation inhibition. Surprisingly, we also found that 
individual A-rich, A/C-rich, and Alu domains can enhance 
translation but at different levels for each domain, and that 
these enhancing effects manifest as cap-dependent translation. 
[BMB Reports 2020; 53(2): 94-99]

INTRODUCTION

Noncoding RNAs (ncRNAs) are not translated into proteins, 
but instead participate in regulating various cellular metabolic 
processes (1, 2). ncRNAs exert their diverse functions by 
forming specific structures capable of serving as signals, 
guides, scaffolds, or decoys (3-5). Brain cytoplasmic RNAs (BC 
RNAs)—BC1 RNA in rodents (6) and BC200 RNA in primates 
(7, 8)—act as translational repressors in neurons. In addition to 
expression in neuronal cells, BC200 RNA is also highly 
expressed in some cancer cells (9-12). In this context, it has 
recently been reported that BC200 RNA can serve as a 

therapeutic target and diagnostic marker for cancer (10, 
13-16). 

Although BC1 RNA and BC200 RNA have similar functions 
and evolutionarily conserved secondary structures, they 
originate from different ancestors, with BC1 arising from 
tRNAAla (17) and BC200 RNA arising from SRP (signal 
recognition particle) RNA (7). Whereas functional motifs of 
BC1 RNA are relatively well defined, those of BC200 remain 
poorly understood (18). BC200 RNA consists of three 
domains: a 5’ Alu domain, a central A-rich domain, and a 3’ 
C-rich domain (7). The Alu domain is 89% homologous to the 
left monomer of the Alu-J repetitive element present in the 
human genome (7). The downstream promoter elements 
(A-box and B-box) for RNA polymerase, which are important 
for binding of the heterodimeric protein SRP9/14 (7, 19), lie in 
the Alu domain (11). BC200 RNA has been reported to 
directly interact with SRP9/14 in vitro and in vivo (19), but the 
role of the BC200 ribonucleoprotein (RNP) of BC200 RNA and 
SRP9/14 in translation inhibition has not been fully elucidated. 
The A-rich domain of BC200 RNA is responsible for 
interacting with poly A binding protein (PABP) and the 
eukaryotic translation initiation factor eIF4A in vitro as well as 
in vivo (20, 21). The interaction of PABP with BC200 RNA has 
been proposed to result in BC200 RNA-mediated translation 
inhibition by interfering with the translation-activating function 
of PAPB (21, 22). Binding of BC200 RNA to eIF4A inhibits the 
helicase activity of eIF4A, thereby inhibiting translation 
initiation (20, 23). Hence, the A-rich domain has a major role 
in the translation-inhibition activity of BC200 RNA. The C-rich 
domain provides a binding site for eIF4B, and the BC 200 
RNA-eIF4B interaction prevents the binding of eIF4B to 18S 
rRNA (23). Phosphorylation of eIF4B also affects the binding 
affinity of BC200 RNA for eIF4B (24). Therefore, the A-rich 
and C-rich domains appear to be indispensable for translation 
inhibition by BC200 RNA. However, the role of the Alu 
domain in BC200 RNA-mediated translation inhibition 
remains unclear. Moreover, a detailed dissection of BC200 
RNA structure and the respective effects of domains is still 
lacking. 

In this study, we produced a variety of systematically 
generated BC200 RNA variants and examined their respective 
functions in translational regulation. We found that the 
A/C-rich domain (consisting of both the A-rich and C-rich 
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Fig. 1. Effects of 3’-deletion variants of BC200 RNA on in vitro
translation. (A) Schematic diagram of BC200 RNA structure. (B) In 
vitro translation of luciferase mRNA in the presence of increasing 
amounts of 3’ deletion variants of BC200 RNA was analyzed in a 
coupled in vitro transcription/translation system and the levels of 
the expressed luciferase protein were analyzed on an SDS-PAGE 
gel. The ratio (%) of protein levels in the presence versus absence
of RNA are presented for relative translational efficiencies. (C) 
Ratios of protein levels in the presence versus absence of BC200 
RNA are plotted against deleted regions.

Fig. 2. Effects of 5’-deletion variants of BC200 RNA on in vitro
translation. (A, C) In vitro translation of luciferase mRNA in the 
presence of increasing amounts of 5’-deletion variants of BC200 
RNA was analyzed in a coupled in vitro transcription/translation 
system as in Fig. 1. (B, D) Ratios of protein levels in the 
presence versus absence of 0.5 pmol of BC200 RNA variants are 
plotted against deleted regions.

domains) and part of the Alu domain are required for effective 
translation inhibition. We also found that A-rich, A/C-rich, and 
Alu domains enhance translation in a cap-dependent manner. 
RESULTS 

Dissecting RNA motifs
We generated 3’-serially deleted BC200 RNAs and analyzed 
their effects on translation in in vitro translation assays using a 
coupled transcription/translation reticulocyte system (Fig. 1). 
Deletion to position 162, generating BC200(1-161) lacking the 
C-rich domain, caused only a modest decrease in BC200 
RNA-mediated translation inhibition. Further deletion to 
position 122, generating BC200(1-121) lacking both the A-rich 
domain and C-rich domain, led to a complete loss of BC200 
RNA translation-inhibition ability, suggesting that the A-rich 
domain is most effective in BC200 RNA-mediated translation 
inhibition, whereas the C-rich domain plays a minor role. We 
also performed a 5’-deletion analysis (Fig. 2A and B). Deletion 
of the 5’-most 24 nucleotides, yielding BC200(25-200), slightly 
weakened the translation-inhibition activity of BC200 RNA. 
Deletion to position 80, generating BC200(81-200), had little 
significant effect on translation inhibition, but additional 
deletion to position 121, generating BC200(122-200), caused a 

severe effect, suggesting that the sequence between positions 
81 and 121, corresponding to resides within the Alu domain, 
is essential for effective BC200 RNA-mediated translation 
inhibition. A more detailed analysis of this region showed that 
the sequence between positions 111 and 121 contains a 
sequence that is crucial for translation inhibition (Fig. 2C and 
D). Further deletion of sequences between position 122 and 
161 comprising the A-rich domain caused a loss of BC200 
RNA translation-inhibition ability. The 5’-deletion analysis 
suggests that the 3’-most 11 nucleotides of the Alu domain and 
the entire A-rich domain play important roles in BC200 
RNA-mediated translation inhibition, and that the C-rich 
domain and the 5’-most 24 nucleotides of the Alu domain play 
a minor role. 

Next, we generated and analyzed the following domain 
variants of BC200 RNA: BC200(122-161), comprising the 
A-rich domain; BC200(122-161), lacking the A-rich domain; 
BC200(1-121), comprising the Alu domain; and BC200(122-200), 
comprising both A- and C-rich domains (A/C-rich domain) (Fig. 
3). Translation inhibition increased with increasing amounts of 
the A-rich domain, but the efficacy of the resulting inhibition 
was less than that of the A/C-rich domain and much less than 
that of full-length BC200 RNA. It thus seems likely that the 
A-rich domain requires other RNA motifs, such as the C-rich 
domain, as well as the 3’-most 11 nucleotides and 5’-most 24 
nucleotides of the Alu domain as mentioned above, for 
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Fig. 3. Effects of domain variants of 
BC200 RNA on in vitro translation. 
(A, D) In vitro translation of luciferase 
mRNA in the presence of increasing 
amounts of domain variants of BC200 
RNA was analyzed in a coupled in 
vitro transcription/translation system. 
Cases where mixtures of two RNA 
variants were used are denoted by 
insertion of “＋” between each variant.
(B, E) Schematic diagram of domain 
variants of BC200 RNA. (C, F) Ratios 
of protein levels in the presence 
versus absence of 0.5 pmol of BC200 
RNA variants are presented as 
translation efficiency (%).

Fig. 4. Different effects of BC200 RNA variants on in vitro
translation according to mRNA modification state. (A) In vitro
translation of luciferase mRNA was analyzed in a standard 
reticulocyte lysate system containing 0.5 pmol of BC200 RNA 
variants. Modification states of luciferase mRNAs used are as 
follows: ＋/＋, cap＋/poly(A)＋; ＋/−, cap＋/poly(A)−; −/＋, 
cap−/poly(A)＋; −/−, cap−/poly(A)−. (B) Ratios of protein levels 
in the presence versus absence of BC200 RNA variants were 
evaluated and defined as increased (↑), decreased (↓) or similar 
levels (−) according to the criterion of ＞ 1.2-fold change. 

effective translation inhibition. We next tested whether a 
mixture of the Alu domain and A/C-rich domain had the same 
effect as full-length BC200 RNA, but found that this mixture 
only showed an inhibitory effect comparable to that of the 
A/C-rich domain (Fig. 3A-C). Again, the inhibitory effect of a 
mixture of the A-rich domain and C-rich domain on translation 
was less than that of the A/C-rich domain (Fig. 3D-F). These 
results suggest that Alu, A-rich, and C-rich domains 
cooperatively participate in inhibiting translation only when 
linked in a single molecule. 

Interestingly, we also found that BC200(1-84) and BC200(1-121) 
slightly enhanced translation at a low concentration (5 pmol), 
and produced more profound enhancing effects at higher 
concentrations (Fig. 1B and C). Translation enhancement by 
the Alu domain was previously shown (25); here, we more 
sharply defined the region responsible for the Alu domain- 
mediated translation-activation as the sequence between 
positions 1 and 84. 

Effects of BC200 RNA variants on cap/poly(A)-dependent 
translation
Because we used a coupled transcription/translation system for 
in vitro translation assays, it is possible that the effects of 
BC200 RNA variants on translation described above were 
limited to unmodified luciferase reporter mRNAs. To test this, 
we performed in vitro translation assays in a standard 
reticulocyte lysate system using in vitro-transcribed mRNAs 
without modification or bearing a 5’ m7G-cap and/or a 3’ 
poly(A) tail (Fig. 4). We found that the effects of full-length 
BC200 RNA, BC200(111-200), and BC200(162-200), i.e. the 
C-rich domain, were not significantly affected by the 
mRNA-modification state: full-length BC200 RNA and 
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BC200(111-200) led to translation inhibition, whereas the 
C-rich domain had little effect on translation. The presence or 
absence of poly(A) tails made little difference in the effects of 
BC200 RNA variants on translation. However, translation was 
enhanced by the Alu domain in the presence of a 5’ cap. 
Furthermore, translational activation by BC200(1-84), which 
required a high concentration in the absence of the 5’ cap, 
was observed at a concentration of 5 pmol with 5’-capped 
mRNA. Interestingly, the A-rich domain and A/C-rich domain 
activated translation when a 5’-capped mRNA was used. This 
contrasts with the translation-inhibitory effects of these 
domains in the absence of the 5’ cap. Taken together, these 
results suggest that translation activation by RNA motifs of 
BC200 RNA is greatest with mRNAs bearing a 5’ cap. 

DISCUSSION

In the current study, we showed that the most effective region 
of BC200 RNA for translation inhibition corresponds to the 
sequence from position 111 to 200. This region contains the 
3’-most 11 nucleotides of the Alu-domain as well as A-rich and 
C-rich domains. The Alu, A-rich, and C-rich domains 
cooperatively contribute to BC200 RNA-mediated translation 
inhibition only when they are arranged in cis in a single 
molecule. 

We also found that the individual A-rich, A/C-rich, and Alu 
domains can actually enhance translation, and that these 
enhancing effects are greatest with mRNAs bearing a 5’ cap. It 
was previously reported that free poly(A) stimulates translation 
with 5’-capped mRNAs, but inhibits translation with uncapped 
mRNA (26). The stimulatory effect reflects eIF4G-PABP 
interactions, which increase the affinity of eIF4E for the 5’ cap. 
Therefore, it is likely that the individual A-rich domain of 
BC200 RNA affects translation through a similar mechanism. 
Alu RNA and 7SL RNA were reported to stimulate translation, 
although the specific regions responsible for the stimulatory 
effects were not defined (27, 28). The Alu domain of BC200 
RNA may have a function similar to that of Alu RNA and 7SL 
RNA in translational regulation. However, RNPs of 7SL RNA 
and Alu RNA containing SRP 9/14 inhibit translation (27, 28). 
BC200 RNA also interacts with SRP9/14 in vitro and in vivo 
(19, 29), although the role of BC200 RNPs containing SRP9/14 
remains unclear. Future studies should determine how BC200 
RNPs, such as BC200 RNA-SRP9/14, are involved in translational 
regulation. 

BC200 RNA may differentially regulate translation by 
distinguishing among mRNAs base on their 5’ capping state. 
Accordingly, BC200 RNA could alter gene expression patterns 
in very specific ways. A recent ribosome profiling analysis 
showed that, of 29 genes whose ribosomal occupation was 
altered more than 2-fold by BC200 knockdown, 16 were 
upregulated and 13 were downregulated (30). The fact that 
BC200 RNA alters only a limited number of genes in vivo 
suggests the existence of an additional mechanism that confers 

such specificity in vivo. Protein binding to BC200 RNA may 
contribute to modulation of the translation-regulating activity 
of BC200 RNA. Because BC200 RNA occupies very specific 
subcellular sites in neuronal or cancer cells (7, 31), distinct 
localization of BC200 RNA may also play an important role in 
BC200 RNA-mediated translational regulation.

The observation that the BC200 RNA molecule contains 
RNA motifs that provide negative and positive effects on 
translation is intriguing. Because full-length BC200 RNA has 
translation-repressing activity, the translation-activating activity 
of individual RNA motifs may not occur in cells. However, if 
translation-repressing RNA motifs, such as the A-rich domain, 
are veiled by cellular factors, such as proteins or other RNAs, 
it is possible that displacing these factors could allow the 
translation-activating RNA motifs to exert their activity. In this 
latter context, it has been suggested that other BC200 
RNA-binding proteins can hinder protein binding to a specific 
BC200 RNA motif (12). Notably, it has also been reported that 
hnRNP E1 and E2 restore BC200 RNA-inhibited translation by 
binding the C-rich domain (32). Therefore, it is possible that 
individual RNA motifs may be differently involved in BC 200 
RNA-mediated translational regulation in a cell-type-specific 
and spatially distinct manner. 

MATERIALS AND METHODS

In vitro transcription
The DNA templates for in vitro transcription were constructed 
by polymerase chain reaction (PCR) using the primer pairs 
shown in Table S1. In vitro transcripts were synthesized using 
RiboMAX Large Scale RNA Production Systems (Promega) and 
gel-purified. Poly(A)+ mRNA and poly(A)- mRNA were 
prepared as previously described (25). The 5’-capped mRNAs 
were synthesized by adding Ribo m7G Cap Analog (Promega) 
to in vitro transcripts, according to the manufacturer’s protocol. 

In vitro translation 
For in vitro translation, a TnT (transcription/translation)-coupled 
rabbit reticulocyte lysate system (Promega, L4610) or a 
standard rabbit reticulocyte lysate system (Promega, L4960) 
was used. Reaction mixtures (total volume, 10 l) containing 
(35S) methionine, buffer, amino acids mixture (minus methio-
nine), increasing amounts of BC200 RNA or its variants, and 
0.2 g luciferase expression plasmid DNA (TnT-coupled rabbit 
reticulocyte lysate system) or 0.5 g luciferase mRNA 
(standard rabbit reticulocyte lysate system) were incubated for 
90 min at 30oC as recommended by the manufacturer. 
Reaction mixtures were electrophoresed on sodium dodecyl 
sulfate-polyacrylamide gels. Gels were analyzed using a 
phospho-image analyzer (FLA-7000; Fuji), and protein bands 
were quantified using Image J software (NIH).
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