Structural Basis for Differential RNA Trimming
by RNase T in Stable RNA 3'-end Maturation

Stable RNA, such as ribosomal and transfer RNA, are first synthesized as RNA precursors, which are then
trimmed by nucleases to generate mature RNA in cells. This RNA maturation process relies on various exo-
nucleases to trim RNA from the very end of a RNA chain. However, little is known about how an exonuclease
selects and digests its RNA substrates. Our crystal structure analysis of RNase T-DNA complexes reveals the
working mechanism for the final trimming step made by RNase T in the maturation of stable RNA and paves
the way for the understanding of the same subfamily of exonucleases.
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Nucleases are responsible for
cleaving phosphodiester bonds
between nucleotides in nucleic
acids and play crucial roles in
many genetic events, such as DNA
replication, recombination and
repair, and RNA processing, inter-
ference and turnover. Substrate
specificity and selection mecha-
nism of endonucleolytic DNases
and RNases have been studied
extensively. But little is known
regarding the substrate specific-
ity and the basis underlying the
cleavage preference of exonucle-
ases, which digest DNA or RNA
from the 5'- or 3'-end and remove
one nucleotide at a time. Here,
using RNase T as a model system,
we dissect the structural basis of
its substrate specificity and derive
general principles for the final
trimming process made by RNase
T in stable RNA maturation.'

RNase T was first discovered
in Escherichia coli as an exo-
ribonuclease belong to DEDD
nuclease family” involved in
transfer RNA (tRNA) turnover and
maturation. Subsequently, it was
shown to participate in the final
trimming of many stable RNAs,
including 5S and 23S ribosomal
RNA (rRNA), and M1, 10Sa and
4.5S small RNA. The mature form
of all these stable RNA has the 5'-
end annealed with the 3'-end to
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Fig. 1: RNase T plays the key role in small stable RNAs 3'-end maturation. The exonuclease
RNase T trims precursor RNAs from 3'-to-5' end to produce mature stable RNAs.
The structural and biochemical characterization of RNase T now reveals the working
mechanism and the general principles for the final trimming step made by RNase T in

RNA maturation.

generate a duplex structure with a
3" overhang. How RNase T binds,
digests and generates these differ-
ent RNAs remains unknown.

Biochemical studies showed
that RNase T is a dimeric enzyme
and that dimer formation is es-
sential for its activity. RNase T
has both DNase and RNase ac-
tivity, preferring DNA over RNA
and single-stranded over double-
stranded nucleic acids. Intrigu-
ingly, RNase T has an unusual
substrate specificity in digesting
single-stranded RNA: a single C
residue at the 3' end reduces its

activity by more than 100-fold,
while the 3'-terminal dinucleotide
CC sequence essentially abolishes
its enzymatic activity. Moreover,
double-stranded structures also
inhibit the enzymatic activity of
RNase T, therefore a 3' overhang
of a duplex is digested by RNase T
near the duplex region.

However, a mechanistic un-
derstanding of RNase T's substrate
specificity and its inhibition by
3'-terminal cytosines and a duplex
structure has been lacking. Fur-
thermore, why substrate binding
and cleavage requires the dimeric
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structure of the enzyme and why
RNase T prefers to trim an RNA
substrate of a duplex structure
with a 3' overhang remain open
questions. Here we report five
crystal structures of RNase T: one
structure in the absence of sub-
strate, one structure in complex
with ssDNA with a "preferred"
3'-terminal sequence, two struc-
tures, one in the presence and
the other in the absence of metal
ions, with ssDNA with a "non-
preferred" 3'-terminal sequence,
and one structure in complex with
a short DNA duplex with a 2-nt
3" overhang. Combined with bio-
chemical, mutational and in vivo
data, we show that the dimeriza-
tion of the two RNase T subunits
results in the specific architecture
that is required for substrate selec-
tion and cleavage, and the mecha-
nism how RNase T screens out
3'-terminal C residues and duplex
structures for cleavage. Our stud-
ies provide first insights into the
substrate and cleavage preferences
of an exonuclease, and shed light
on the general principles of the
final trimming made by RNase T in
stable RNA maturation.

In conclusion, our structural
studies in RNase T reveal the un-
derlying working mechanism of
this enzyme in substrate selection
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and digestion. As many DEDD nu-
cleases share a fold and a conserved
active site similar to that of RNase
T, the structural insight into RNase
T not only shows the link between
the DEDD domain arrangement and
substrate specificity, but also reveals
clues to understand the exonucle-
ase activity and to identify possible
substrates of other DEDD family
proteins, some of which have been
linked directly to human diseases,
such as WRN in Werner syndrome
and TREXT1 in Aicardi-Goutieres syn-
drome and familial chilblain lupus.
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Fig. 2: The crystal structures of the pre-
ferred and non-preferred RNase T-
DNA complexes. (a) The crystal
structure of the non-preferred
RNase T-DNA3 complex shows
that the binding of a DNA with
a non-preferred 3'-terminal C in-
duces conformational changes in
the protein. (b) Superposition of
the active sites of the non-preferred
RNase T-DNA2 complex (green)
and the preferred RNase T-DNA4
complex (red). (c) The schematic
diagrams of the active conforma-
tion in the active site of the pre-
ferred complex and the inactive
conformation in the non-preferred
complex. The H181-activated wa-
ter was adopted from the structure
of the TREX-1-DNA complex.
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Fig. 3: Ceneral principles of the 3'-terminal final trimming made by RNase T in RNA matu-
ration. Ribosomal 5S and 23S RNA are cleaved by RNase T closely to the double-
strand region; we propose that the cleavage is mainly regulated by the double-strand
effect. The 5S rRNA has an AU base pair at the end of the duplex resulting in a 1-nt
overhang, whereas the 23S rRNA has a GC base pair at the end of the duplex result-
ing in a 2-nt overhang. Conversely, cleavage of tRNA and 4.5 S RNA by RNase T is
regulated mainly by the C effect. Cleavage is abolished when RNase T encounters a
short repeat (di- or trinucleotide) of cytosines in the 3' overhang.
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