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Abstract

Processing of precursors of nuclear cis-splicing tRNA
has been considered to start with the end maturation at
the acceptor stem, followed by the intron splicing. The
sequences around the intron-exon junctions in
pre-tRNAs generally form a bulge-helix-bulge (BHB)
motif, which is specifically recognized by the
tRNA-splicing endonuclease. In a unicellular red alga
Cyanidioscyzon merolae, we have found that the
maturation of circularly permuted pre-tRNAs, in which
the 3’-half of the tRNA coding sequence lies upstream
of the 5°-half starts with the processing of the BHB
motif at the junctions of termini to form a circular RNA
intermediate. This suggested that the processing of BHB
motifs precedes that of the acceptor stem in C. merolae.
Here, we performed sequencing analyses for processing
intermediates of various types of intronic tRNAs by
reverse transcription polymerase chain reaction
(RT-PCR) followed by the sequencing of the PCR
products to clarify maturation pathway. Results showed
that the removal of introns occurred before the
maturation of acceptor stem. Such non-canonical
processing pathway may have been prerequisite for the
development of permuted tRNA genes in C. merolae
because permuted pre-tRNAs can be processed via a
continuous RNA string, but not fragments, during
maturation.
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Fig. 1. The BHB-mediated disruption of tRNA. (A) Canonical cis-splicing tRNAs contain a single intron exclusively at the
canonical position (positions between 37 and 38) 3’ adjacent to the anticodon. The intron-exon junctions in the precursor tRNAs
comprise a bulge-helix-bulge (BHB) motif, which is the determinant for the tRNA-splicing endonuclease. (B) Non-canonical
cis-splicing tRNAs contain a single or multiple introns at various positions in the cloverleaf structure. (C) Trans-splicing tRNAs
are composed of two or three RNA fragments and found only in archaea. (D) Circularly permuted tRNAs are found in six
unicellular algae and one archaea. The termini of the pre-tRNA comprise the BHB motif.
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Fig. 2. A model for the maturation of the permuted pre-tRNAs. Maturation of the permuted pre-tRNA starts with processing of
the BHB motif (boxed) by the tRNA-splicing machinery, resulting in formation of a circular RNA intermediate. The intervening
sequence is removed by RNase P and tRNase Z, followed by the CCA-addition. Fig. 3F from Reference 3 was arranged.
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Fig. 3. Distribution of BHB motif$ in intronic and/or permuted tRNAs in C. merolae. (A) The BHB motif is classified by one
or two 3-nt-bulges (denoted as B=3) separated by a central 4-bp-helix (denoted as H=4) and flanked by two helices (denoted
as h or h’), each with more than two base-pairings. (B) Arrows indicate the positions of the BHB motifs. The length of the
intron, number and type of BHB motifs is indicated for each tRNA. For example, “Tle(TAT) 22 3/3 hBHBh’” at the position
between 53 and 54 means that the BHB is from tRNA"e(UAU), is 22 nt long, and is the third of three BHB motifs. BHB
motifs at the termini of the permuted pre-tRNAs are shown in double squares. The numbering of the tRNA positions follows

that outlined in Reference 16. Fig. 2 from Reference 4 was arranged.



Viva Origino 2017, 45, 1

FHVNT, RT-PCR 35 X UV O DNA BUSI OfFHT 54T
S7=& ZA (Fig. 5A). (i) 5-VU—&—#%l, 3-h
L—J —BAB LA > b v & ETeriBRIA
tRNA (Pre-tRNA™) (Zh1%., (i) 5°- V — & —#%1| &
P-FL—F BRI EFEA 2 b r o RERE
Shiz7at s 7R (Pre-tRNA™ Aintronl)
\ZHI2KT % PCR EEMIA S 472 (Fig. 5B, Fig.
6A), LA EDFERNE, RNA®(CAA)DA > ki
VDRTFGA TR, TIRTE AT LD
m L U TNATE D T Lo Tz,

32 tRNA™(GAA)
H—Ipx—H—EBIDOMNEEEZEZDHE, 2 DD
A barEATSH RNAMGAA)D 3- F L—F
—EFNFIEF N E TSNS (Fig 5C), &2
T, HBFA (RNA™(GAA)D 3 {HIREI AT 72
F(GAAYpl & 5-U — & —EFNZ A0 72
F(GAA)5-pl %V T RT-PCR %1F7-7-, PCR B
MOBB T ORER, () 5-V —&—HdFl& A > K
1212 ZETeRTEMA t(RNA (Pre-tRNA™), (ii)
ey 1 BEREISNIZHEE (PretRNA™
intronl), BE O (i) 1> Fr 1 L 20 ERESH

7= PA (Pre-tRNA™ Aintronl,2) 23K H &7
(Fig. 5D, Fig. 6B), LA ED#EHRIE, (RNA™(GAA)D
AL O DATTA TIN5 ) —H—Fld
OTav o NHTTH L, e, A bR
VINArbry2 L0RICREIND Z L AR
uﬁﬁ‘éo

RT-PCR (Z & 0 WifF & 2 aiR o s & i
BIR DA XD/ RAMEIE S U2 (Fig. SD), [
I AGEZ: PCR PEMIDESIFRTORER, 4 > ha v
LI Y UNRTTYIRT SN (RNAM(GAA)D
BN —E LT, WHETORIZHR L 725 72 (RNA
ST DB RIS DN RSE R - DI S
7= ¢cDNA (ZHI33% PCR MR, BEE D& T A
TIAL T ENTELT RNAT kT 5
PCR ) L HERI XD,

33 tRNA™(UAU)

3 DDA > kv L EFREORTBEE RNA(UAU)?D
3-h—T—E & 5V — X —EFIN AR
I(UAU)3’-pl & I(UAU)5-pl % FHU T RT-PCR %17
v \(Fig. SE). & DNA EF 2 fifhr Uiz, & OfES,
() 3 2DA v ha T RTHBERE SN I

A E Intron I
5' 3

l

™\, (= tRNase Z

RNase P »
C— — L

-~ »[

Primary transcript Processing intermediate Processing intermediate

—»C: —_—

tRNA splicing
machinery

o0 >

C—=

CCA adding
enzyme

Mature tRNA

B [«) Intron °
5! | 3.

l

Wy N, (¥ tRNase Z

—.$ —_

RNase P »

—o@

< {RNA splicing
machinery

A
g )

Primary transcript

Processing intermediate Processing intermediate

O0O>

=

CCA adding
enzyme

Mature tRNA

Fig. 4. Comparison of the processing pathways for cis-splicing pre-tRNAs in (A) yeast and (B) C. merolae.
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Fig. 5. RT-PCR amplification of precursors and processing intermediates of C. merolae cis-splicing tRNAs. Inferred secondary
structures of three pre-tRNAs are shown. (A) (RNA™Y(CAA) with a single intron at the canonical gosition 37/38. (C)
tRNAPhe(GAA) with two introns, one in the D-stem (intron 1) and the other at 37/38 (intron 2). (E) tRNA™(UAU) with three
introns, one in the D-stem (intron 1), one at 37/38 (intron 2), and the third in the TWC-loop (intron 3). Pre-tRNA™ was amplified
with 5°-p1 and 3’-p1, while Pre-tRNA™* with 5°-pl and 3’-p2. 5’- and 3’-primers for RT-PCR are indicated. Arrowheads indicate
the positions to be processed. Intron sequences are shown in lower case. The numbering of the tRNA positions follows Reference
16. (B, D and F) PCR products amplified from the cDNA of precursors and processing intermediates are indicated. Annotation of

each PCR product was based on gel purification of the bands, cloning and sequencing analysis. Lane M: DNA molecular marker
(20 bp Ladder).
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