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(Abstract)

Although living organisms have a symmetrical
appearance at the macroscopic level, biological
systems are composed of typical asymmetrical
molecules: nucleic acids (RNA and DNA) have
ribose with D-configuration while proteins have
alpha-carbons with L-configuration. However, the
origin of biomolecular homochirality 1is still
unknown. Proteins are synthesized on the ribosome
by the elongation of L-amino acids that are attached
to tRNAs. Therefore, aminoacylation of tRNA
could be the key step in the origin of amino acid
homochirality. With this in mind, we attempted

non-enzymatic aminoacylation of an RNA
minihelix (primordial ~ tRNA) with an
aminoacyl-phosphate-D-oligonucleotide, which

revealed chiral-selective aminoacylation of the
RNA minihelix with a clear preference for L-amino
acids. A mirror-image RNA system with L-ribose
exhibited aminoacylation with the preference for
D-amino acids. These results suggest that the
stereochemistry of RNA could be the determinant

of chiral-selectivity of amino acids. The
D-ribose-based “RNA  world” was probably
established by chiral-selective  ligation of

oligonucleotides, which would have generated a
“winner” sequence with an important chemical
ability for evolution of life.

(Keywords)
homochirality; amino acids; tRNA; minihelix; RNA
world; aminoacylation; stereochemistry

RNA BRAEZHT T I ) B D45 FIEXFritk
Mg —
VHURCERRL R ELEE TR A TR
HURHE R ATTIeERE
T278-8510 THEIRWEF T ILIR 2641
PR AR B S & AT
T332-0012 EEEJI A AAR 4-1-8
E-mail: koji@rs.noda.tus.ac.jp

LT LT ®IC
AmOREITZS V52 VAR 2 5D,
TS < OAERGFRME D BRETHRH5AR
MLOZELSMAENY | Mol L —%
1ToTW5, B 2 RANCHE XX, RS
FO XS IR EAERARANAERKT D1LT 137
<L AEMRIIBHBCR DIEFE R & L TR T
HILDH[1,2], IMHBA D O R LF — D A
roT, RFiMiczr brbE—2 T8, H
A b Z K> TWnD, 29 LIcAERSForh

Viva Origino 38 (2010) 18 - 22
© 2010 by SSOEL Japan

- 18-

T, Bl L X 7B, WER B oAy R
T HHMBA) 725 FTH D, DNA [E, Watson &
Crick IZX VB INFr_EOTAEEZAL
[3]. EOEEFHEHIT mRNA ZFEH L., &k
WX R EA~EFIRR SV THEREZ I L T
Do
HER EoA&miL. 5F LoUL TR TIEXS
HHEEF b0 LTHEELTEY ., iR
D% G FH) OENG, Z o7 HIX LA (K
FH) OT I VNSO ENTWSA],
TIVEBER—FOXT VT 40— b DR S
NTWAHZEEITI VBOFREXT VT 4 —
EIESR, ZOREIFIZOWVTO+y it &t s
2 BHILTUVZRUY,
FHAEMEKRT TR MR, BARMIZ4 S
DO EAEN (ENMEAERN. EMMEAIEH. M
WHHEAEH. 85WHHAER) 285 L T0na R
[5]. TR0 F 4 —ofiiiv) EFEEN 555V FE A
FERICRON AR EDONOFER L LT, L-
TN D-TI BRIV LELGFHELED
WO ERMNDHDH[6], DD L-T X N
HE 2 UL o THEBOHERIEITIL, fEHE &
LT, L-7 2 VB LR S5 FARAE MR
TEEWVWHIHLDOTHBH[79], wilr. AU A
JEEASE R AT T R 75 PR e D GBS 23 %6 L E 41[10].

FHEMTO L-7 2/ BROBMAMEN RS H
TWd,

— . DT EEET S XKD
BHREZLGAL TS WS TFELH D, 5-
VU IUALTIE ) — L ERFHCHME L U
YIS AT REDAL T rE
NESHEDRISIZRAOND X9, hHDxT
VT 4 —2FOWENKIZR D, RFHE M
N Z DFNRME SN TWDB[11,12], LB E
WmZ ElZ, ZoORFHOHMIE, T 1@
LSOFEVNIHNS T D, FTARENKICE ST
HEZIVIDZENRTRINTEY[13]. FHZE
MTo, HDHVIE, HEK EToO, HHDOHTH
REITNASTFOELELDBNN, REXTV
T4 —DERIZEAE L TWAS Z ENH D150
HLizevy,

LD LENRG, 7 BOKREXT VT 4 —
DEFEEE 25 Lo T, ik Eo4dao
IR A B 2 20BN %, AR TIE. Biological
RN DS E NS, TIJBOKREXT Y
T A4 —DRIZOWVWTEHERNN—AXT T 4 Tk
Ez2A5THAI) RNA I =Y 7 ZADFT )L
WBIRT 2 ) T IO RRIZOW TR 5,

2.RNA U—/L R& (RNA DT 2/ 7 2Lk

Crick {3 DNA OBAR{E #H 1T RNA IZHRE S i,
TR E R TEIZHREN WO BT
VR 7~ RE LT2[14], WEREREZ DR R R



Viva Origino 38 (2010) 18 - 22

Amino acld attachment site

Odooo B

?

~

o]

=

>
Soap0000

(SN
o

PR ele elelele

o
-0
0
Q
o)
-}
>

Amino acid attachment site

< . Minihelix
CCAend

............................

<N tRNA

Anticodon

Figure 1. Structure of tRNA. (A) Secondary clover-leaf structure of tRNA with invariant nucleotides and conserved
secondary structure elements. (B) Tertiary L-shaped structure of tRNA (PDB ID 1EHZ). Minihelices (shown in red
circle) correspond to one arm of the L-shaped tRNA with the CCA end. These minihelices are believed to have evolved
into the L-shaped tRNAs by the addition of another arm with an anticodon.
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Figure 2. The process of tRNA aminoacylation.
Aminoacyl-tRNA  synthetases  form  aminoacyl
adenylates as intermediates and the 2"-O or 3'-O of the
terminal adenosine of tRNA attacks the carbonyl carbon
of aminoacyl adenylates, producing aminoacyl-tRNA.
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Figure 3. Non-enzymatic aminoacylation of an RNA minihelix with an aminoacyl phosphate oligonucleotide occurs

site-specifically (3'-OH) and chiral-selectively (L-amino acids).
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Figure 4. Chiral-selective aminoacylation of an RNA
minihelix is dependent on the chirality of the ribose.
The stereochemistry of RNA could be the determinant
of the chiral-selectivity of amino acids.
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Figure. 5. “Symmetry violation” due to
chiral-selective ligation of oligomer RNAs generated a
“winner” sequence with an important chemical ability
for evolution. This sequence would have been present
only in the D-library, establishing a D-ribose-based
“RNA world.”
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