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Crystal Structures of the Nicotiana glutinosa Ribonuclease NT in
Complex with Nucleoside Monophosphates
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Ribonuclease NT (RNase NT), induced upon tobacco mosaic virus (TMV) infection in
Nicotiana glutinosa leaves, has a broad base specificity. The crystal structures of
RNase NT in complex with either 5-AMP, 5'-GMP, or 2'-UMP were determined at 1.8 A
resolutions by molecular replacement. RNase NT consists of seven helices and seven
strands, and the structure is highly similar to that of RNase NW, a guanylic acid prefer-
ential RNase from the V. glutinosa leaves, showing root mean square deviation (rmsd) of
1.1Aoveran entire length of two molecules for Coatoms. The complex structuresrevealed
that Trp42, Asn44, and Trp50 are involved in interactions with bases at B1 site (primary
site), whereas GIn12, Tyrl7, Ser78, Leu79, and Phe89 participate in recognition of bases
at B2 site (subsite). The 5'-GMP and 5'-AMP bind both B1 and B2 sites in RNase NT, while
2/-UMP predominantly binds B1 site in the complex. The nucleotide binding modes in
these complexes would provide a clue to elucidation of structural basis for the broad base
specificity for RNase NT.

Key words: base specificity, crystal structure, Nicotiana glutinosa, nucleotide
binding, RNase.

Abbreviations: AMP, monophosphate adenylic acid; GMP, monophosphate guanylic acid; UMP, monophosphate
uridylic acid; ApA, adenylyl-3',5'-adenosine; GpG, guanylyl-3',5’-guanosine; Poly A, polyadenylic acid; Poly I,
polyinosinic acid; Poly U, polyuridylic acid; rmsd, root mean square deviation; RNase, ribonuclease; RNase NT,
TMV-inducible RNase from N. glutinosa; rRNase NT, recombinant RNase NT; TMV, tobacco mosaic virus.

Ribonucleases (RNases), belonging to the RNase T2 family,
are ubiquitous from viruses to human cells and implicated
in diverse functions in organisms (1). They are single poly-
peptide chains with about 200 amino acid residues and
contain two common sequences CAS I and CAS II with
two invariant histidine residues that are crucial for cata-
Iytic activity (I). The best characterized enzyme of the
RNase T2 family is RNase Rh from Rhizopus niveus (2).
RNase Rh comprises 222 amino acid residues with five
disulfide bonds (2). The adenylic preference (A>G>U,C)
of RNase Rh was estimated based on the release of nucleo-
tides from RNA during the course of hydrolysis (3). Kinetic
and site-directed mutagenesis studies identified His46,
His109, His104, GlulO5, and Lys108 as catalytic amino
acid residues; the former two histidine residues function
as general acid and base catalysis in the transfer reaction
(4, 5 and references therein). The crystal structure of
RNase Rh in a complex with 2'-AMP revealed that
Trp49, Asp51, and Tyr57 are involved in interactions
with the adenosine base (6, 7).

Since McClure et al. discovered that the S-glycoproteins
associated with gametophytic self-incompatibility in the
Solanaceae have ribonuclease activity (8), a large amount
of sequence information has been available for plant
RNases (9). On the basis of sequence comparison, plant
RNases are classified into the RNase T2 family. Subse-
quently, enzymatic properties were examined on plant

*Towhom corresponding should be addressed. Tel/Fax: +81-92-642-
2853, E-mail: mkimura@agr.kyushu-u.ac.jp

Vol. 140, No. 3, 2006

RNases (10-12) and these studies revealed that they are
classified into two groups in terms of substrate preference:
the tomato type is G>A>U>C, and the seed type is
U>G>A,C (12). To understand structural basis for sub-
strate preference of plant RNases, we earlier determined
crystal structures of the seed type: uridine-preferential
bitter gourd RNase MC1 (13, 14) and the tomato type:
guanosine-preferential RNase NW from the Nicotiana
glutinosa leaves (15). These results, together with
results obtained by biochemical studies, elucidated struc-
tural basis for their base preference at an atomic level
(15, 16).

In the course of study of RNase NW from N. glutinosa
leaves, a distinct ¢cDNA encoding RNase NT (formerly
designated as RNase NGR3) specifically induced upon
TMV-infection was found (17). Subsequent expression in
Escherichia coli cells and characterization of the recombi-
nant enzyme indicated that RNase NT cleaved homopoly-
nucleotides, Poly A, Poly I, and Poly U, at a comparable
rate (18). This result indicated that RNase NT seemed to be
distinct from other plant RNases classified into tomato-
and seed-types, including RNase NW and RNase MC1,
respectively.

In order to gain further insight into the structural
basis for base specificity of plant RNases, we attempted
to crystallize RNase NT in complex with nucleoside mono-
phosphates, and the crystals complexed with 5'-GMP, 5'-
AMP, or 2’-UMP grew under an appropriate condition. In
the present study, we have analyzed their crystal struc-
tures in the expectation that this will be help in establish-
ing structural basis for a broad substrate specificity
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of RNase NT. In this paper, we described the
crystal structures of RNase NT complexed with either
5-GMP, 5-AMP, or 2-UMP and discussed the
structural basis for the broad base specificity of RNase
NT, comparing with that of a guanylic acid preferential
RNase NW.

MATERIALS AND METHODS

Materials—The c¢DNA encoding RNase NT was
previously cloned and sequenced (17). Multi-Copy Pichia
Expression kits, including the expression plasmid pPIC9K
and host strain GS115 were obtained from Invitrogen.
DNA modification enzymes were obtained from MBI
Fermentas. Amicon Ultra used for concentration for the
protein was obtained from Millipore. The oligonucleotide
primers and plasmid pGEM T-vector were purchased
from Amersham Pharmacia Biotech. All nucleoside
monophosphates were purchased from Sigma Chemical
Co. All other reagents and chemicals were of analytical
grade.

Expression and Purification of rRNase NT—The ¢cDNA
fragment with artificial recognition sites of EcoRI and NotI
at 5'- and 3'-ends, respectively, was amplified by PCR from
the RNase NT c¢cDNA, using sense: GAATTCGCACAG-
GACTTTGATTTCTTCTAC and anti-sense: GCGGCCGC-
TTAAAATTCATCATTGGTCAGAC primers (nucleotides
underlined indicate recognition sites by EcoRI and Notl,
respectively), and the resulting product was first ligated
to the pGEM T-vector, by which the E. coli cell JM109
was transformed. Since the cloned RNase NT ¢cDNA con-
tains an EcoRI and a BglII recognition sites, the internal
C residues (positions 196 and 603) were replaced with T by
site-directed mutagenesis to avoid restriction enzymatic
scission. Expression of the RNase NT ¢DNA in Pichia
pastoris and purification of the resulting protein (rRNase
NT) was done in the same manner as described for RNase
NW (15).

Crystallization—The purified protein rRNase NT was
concentrated to 11.2 mg/ml in water. Crystallization trials
were made by the hanging-drop vapor diffusion method at
20°C using crystallization screen kits Crystal Screens I
and II (Hampton Research) and Wizard I and II (Emerald
BioStructures) as reservoir solutions. Crystals of rRNase
NT were obtained within 2 days under conditions of
100 mM sodium acetate, pH 4.5, containing 20% (v/v)
1,4-butanediol (Wizard I, number 35). To obtain the com-
plex crystals, the protein crystals were crushed and seeded
into the solution containing rRNase NT (11.2 mg/ml) and
nucleoside monophosphates (1-10 mM), such as 2'-GMP,
3’-GMP, 5-GMP, 2-AMP, 3-AMP, 5-AMP, 2-UMP,
3’-UMP, or 5-UMP. The complex crystals used for data
collection were finally obtained from a drop of 2 pl
of rRNase NT and 1 ul of either 2 mM 5-GMP, 5 mM
5-AMP, or 5 mM 2'-UMP.

Data Collection and Processing—The crystals were
soaked stepwise from 25 to 30% (v/v) 1,4-butanediol in
the reservoir solution for a few minutes, suspended on a
loop in a thin liquid film of stabilizing solution, and directly
frozen at 100 K in a cold nitrogen gas stream with a Cryo-
stream Cooler. Diffraction data were collected using an
oscillation method at 100 K on ADSC Quantum 4R CCD
detector at beamline BL38B1, BL40B2, and MAR CCD
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Table 1. Data collections and refinement statistics of RNase
NT complexed with substrate analogues.

Data collections

Data set 5-GMP 5-AMP 2'-UMP
Beam line BL40B2 BL38B1 BL38B1
Space group P2,2,2, P2,2,2, P2,2,2,
Unit cell dimension 3728 A  37.289A 37.272A
69.547A  69.787TA  68.984 A
73969 A 73.748A  73.863 A
Resolution (A) 20-1.8 20-1.8 20-1.8
Wavelength (A) 0.9 0.9 0.9
Multiplicity 8.7 7.0 5.5
Ils (D? 23.9(24.6) 23.0(28.8) 36.2(4.2)
Completeness (%)* 99.0(98.8) 99.7(100) 96.2(69.2)
Roym™® 45(23.6) 4.0(19.6) 5.2(27.6)
Refinement
Ryori/Reree (%)° 21.7/25.2 22.1/25.6 20.9/25.1
Bond length (A) 0.009 0.005 0.005
Bond angles (deg.) 1.6 14 14
Ramachandran plot
Most favored regions (%) 87.5 86.9 88.1
Additional allowed 11.9 11.9 11.9
regions (%)
Generously allowed 0.6 1.1 0
regions (%)
<Number of observed 2 2 1

substrate analogue(s)>

2Values in parentheses correspond to the highest resolution
shell. bRsym = X|I; — <I>|/ZI;, where I; is the intensity of the
ith observation and <I> is the mean intensity of the reflection.
‘Reee Was calculated with 5% of the data omitted from structure
refinement.

detector at BLL44B2 of SPring-8, Japan. Diffraction images
were processed and scaled with HKL2000 (79). All crystals
were orthrombic with space group P2:2:2, and unit cell
dimensions of three complexes were almost identical
(Table 1).

Structure Determination and Refinement—The struc-
tures of rRNase NT in complex with nucleoside monopho-
sphates were determined using the molecular replacement
method with CNS (20). The structure of RNase NW (PDB
code, 1IYB), which shares 47% identical amino acid
residues with RNase NT, served as a search model.
After protein atoms were refined by simulated annealing,
the relative positions of each nucleoside monophosphate
were unambiguously determined based on difference elec-
tron density. Refinement against 1.8 A data was done using
CNS with rounds of manual rebuilding in O (21). The
stereochemical checks were carried out using PROCHECK
(22). Data collection and refinement statistics were given
in Table 1. The atomic coordinates of the complexes
rRNase NT-5'-GMP, rRNase NT-5-AMP, and rRNase
NT-2-UMP have been deposited in the Protein Data
Bank under the accession codes 1VCZ, 1VD1, and 1VD3,
respectively.

Nomenclature for Substrate Binding Sites—RNases
have the primary site and subsite for bases located at
5- and 3'-terminal ends of a scissile bond, respectively.
In this report, the primary site and subsite were referred
to as B1 and B2 sites, respectively, according to the nomen-
clature by Allewell and Wyckoff (23).
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RESULTS AND DISCUSSION

Structure Determination—We previously constructed
the E. coli expression system for RNase NT wusing
pET-22b as an expression plasmid (18). In this system,
the recombinant RNase NT could be secreted into the
E. coli periplasmic space with the aid of the pelB signal
sequence and characterized in terms of enzymatic proper-
ties (18). However, the yields were extremely low: less than
0.1 mg protein per liter of cultured cells. Hence, we
attempted to express the cDNA encoding RNase NT in
P. pastoris, using the expression plasmid pPICI9K, as
described for that of the cDNA encoding RNase NW. The
purified rRNase NT gave a single band on SDS-PAGE
(data not shown). The direct N-terminal sequencing pro-
vided a single sequence: Tyr-Val-Glu-Phe-Ala-Gln. This
result indicated a cleavage by the STE13 gene product
at the peptide bond between Ala and Tyr in the a-factor
signal sequence, giving rise to rRNase NT which has an
extra four amino acid sequence (Tyr-Val-Glu-Phe) attached
to the N-terminal amino acid residue of RNase NT.

Since no crystals of rRNase NT in complex with nucleo-
side monophosphates grew under any conditions used, the
rRNase NT crystals were first obtained under conditions
described above. Then, crystals of the complex rRNase
NT-nucleoside monophosphates successfully grew by seed-
ing the rRNase NT crystals into the protein solution con-
taining either 5'-GMP (2 mM), 5'-AMP (5 mM), or 2’-UMP
(5 mM). The crystals of the three complexes belong to space
group P2:2:2; with one molecule in the crystallographic
asymmetric unit. The statistics of data collection are sum-
marized in Table 1. The crystal structures of rRNase NT
complexed with either 5'-GMP, 5'-AMP, or 2-UMP were
determined from electron density maps that were phased
using the RNase NW structure (15) as a search model, as
described under Materials and Methods. The phasings
provided clear electron density maps for an entire length
of the protein and the crystal structures are well ordered
except only three residues (Gly192-Gly194) disordered in
the complex structure with 5'-GMP. After several rounds of
refinement and manual fitting, the rRNase NT structures
in complex with 5'-GMP, 5'-AMP, and 2’-UMP were refined
to the Ry or/Riee values of 22%/25%, 22%/26%, and 21%/
25%, respectively. The electron densities for 5'-GMP, 5'-
AMP, and 2-UMP bound to rRNase NT were clearly
seen in the three complexes; the electron density for 5'-
AMP bound at the B1 and B2 sites in rRNase NT are
representatively shown in Fig. 1. The models have geome-
tries close to ideal with rmsd values of between 0.005 A and
0.009 A and between 1.4° and 1.6° from ideal values for
bond lengths and angles, respectively. When the structures
were checked using PROCHECK (22), 86.9-88.1% of the
non-glycine and non-proline residues fell in the most
favored regions and 11.9% in the additional allowed
regions of the Ramachandran plot. The final electron den-
sity maps were of high quality but a few of residues at
N- and C-terminal were not determined. The structures
were finally refined at 1.8 A resolution and refinement
statistics were shown in Table 1.

Overall Structure—The crystal structure of rRNase
NT in complex with 5-AMP is representatively shown in
Fig. 2. Secondary structure elements of RNase NT, as
defined by the PROCHECK (22), and sequence alignment
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5’-AMP at the B1 site 5’-AMP at the B2 site

Fig. 1. Composite omit maps for 5-AMP bound rRNase NT.
The composite annealed omit maps (2F, — F.) were calculated, and
the electron density is contoured at 1.2 o level.

Fig. 2. Ribbon representation of crystal structure of rRNase
NT complexed with 5'-AMP. RNase NT structurally belongs to
the o + B class of proteins, having seven helices and seven (-
strands. Two 5-AMP molecules observed at the B1 and B2 sites
in the crystal structure of the complex rRNase NT-5-AMP are
indicated.

with RNase NW are given in Fig. 3. RNase NT is composed
of seven helices (21-27) and seven B-strands (B1-p7), char-
acteristic of the o + B type structure. The amino acid resi-
dues (Bl: 6-12 and P2: 37-43) at the N-terminal region
form a two-stranded antiparallel B-sheet, intervening
one 319 helix (a1: 14-16) and loop structures. The polypep-
tide enters the extended helical structures (22: 62-75, a3:
87-95, u4: 98-100, o5: 105-119, and «6: 121-128), having a
short B strand (B3: 133-139) followed by o-helix (a7:
140-151). The amino acid residues at the C-terminal
region form an antiparallel B-sheet (f4: 156-162 and (5:
167-176), forming a central antiparallel pleated B-sheet
with the N-terminal B-strands (B1-f3). The structure
was completed by pB-strands (B6: 183-185 and f7:
198-201) intervening a long loop structure. The overall
structure of RNase NT has a significant similarity to
those of other known plant RNases, such as RNase NW
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Fig. 3. Sequence comparison of RNase NT with that of
RNase NW. The secondary structure elements indicated are
those defined using the program PROCHECK (22). a-helices and
310-helices are indicated by bars. B-strands are indicated by
arrows. NT and NW indicate RNase NT and RNase NW, respec-
tively. Stars and pluses indicate amino acid residues assigned as
amino acids to constitute the B1 and B2 sites, respectively in
RNase NT and RNase NW.

from the N. glutinosa leaves (15) and RNase MC1 from the
bitter gourd seeds (13). A structural superposition of Co
atoms over the entire RNase NT with RNase NW, deter-
mined using the program O, gave the rmsd value of 1.1 A.

5'-GMP Bound to RNase NT—Two 5-GMP molecules
bind through an extensive hydrogen bond network and
hydrophobic interactions (Fig. 4, A and B). The one mole-
cule binds rRNase NT in a manner similar to 2'-AMP in the
crystal structure of RNase Rh in complex with 2-AMP
(Fig. 4A) (6, 7). Namely, Trp42, Asn44, and Trp50,
which correspond to Trp49, Asp51, and Tyr57 assigned
as amino acids to constitute the Bl site in RNase Rh,
are involved in interaction with the guanine base, a finding
which suggests an adequate binding of the guanine base of
5-GMP to RNase NT. The orientation of Trp50 is in par-
allel to the guanine base at 3.6 A distance and the indole
ring of Trp42 covers the base at angle of 30° from 4.5 A
distance. The side chain amide oxygen atom of Asn44
makes hydrogen bond to the N1 atom (2.68 A) of the
guanine base (Fig. 4A).

The other 5'-GMP molecule binds the B2 site in a manner
similar to 5-GMP bound at the B2 site in guanylic acid
preferential RNase NW (Fig. 4B). This finding again
suggests an appropriate binding of the guanine base of
5-GMP to RNase NT. In the complex, the guanine moiety
of 5'-GMP is stabilized in a hydrophobic pocket via a
sandwich-like stacking interaction with two aromatic
side chains of Tyrl7 and Phe89. The aromatic ring of
Phe89 is oriented in parallel to the guanine base at 4.0 A
distance and that of Tyrl7 covers the base at angle of
33° from 4.5 A distance. In addition, the N7 atom and
06 atom are anchored to the hydroxyl group of the side
chain of Ser78(2.78 A) and to the N atom of the main chain
of Leu79 (2.73 A), respectively (Fig. 4B). Only a slight
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distinct binding mode is that in the rRNase NT-5-GMP
complex, the N2 atom of the guanine base forms hydrogen
bonding interactions via the structural water molecule
(2.48 A) to the side chain of GInl2 (2.81 A) in RNase
NT, while the N1 atom of the guanine base directly donates
hydrogen bond to the side chain amide oxygen atom of
GIn12 in the RNase NW-5'-GMP complex. This difference
is probably due to a slight enlargement of the binding
pocket caused by substitution of Thr78 in RNase NW
with Ser78 in RNase NT.

5'-AMP Bound to RNase NT—Two molecules of 5'-AMP,
like the case for 5-GMP in the rRNase NT-5-GMP
complex, bind rRNase NT in the structure of the complex
rRNase NT-5'-AMP (Fig. 4, C and D). As for 5'-AMP bound
at B1 site, the adenine base is sandwiched by the indole
rings of Trp42 and Trp50 and stabilized by a hydrogen
bond of the side chain of Asn44 (2.81 A). This binding
mode suggests an adequate binding of the adenine base
of 5-AMP to RNase NT, though the orientation of the
adenine base is distinct from that of the guanine base of
5-GMP bound at the B1 site in RNase NT (Fig. 4A). The
electron density for the phosphate group of 5'-AMP bound
to the B1 site is well defined and allows a straightforward
modeling of the phosphate group into its binding site, as
shown in Fig. 4C. The imidazole groups of His97 as well as
the neighboring His92 capture O atoms of the phosphate
group (2.58 A and 2.53 A, respectively), cooperating with
the side chain of Glu93 (2.72 A).

Although the adenine base of 5-AMP binds the B2 site
(Fig 4D), it shows a different orientation from the guanine
base of 5-GMP (Fig 4B). Thus, the glycosyl torsion angle
of 5-AMP adopts an anti conformation (Fig. 4D), while that
of 5-GMP in the B2 site in RNase NT is a syn conformation
(Fig. 4B). As a result, the N1 atom of the adenine ring
interacts with the amide group of the main chain of
Leu79 (2.92 A) and the N6 and N7 atoms interact with
Oel (2.79 A) and Ne2 (2.92 A) of the side chain of
GIn12, respectively. In addition, Ser78 is not involved in
interaction with the adenine base, though it hydrogen
bonds to the guanine base in the complex rRNase
NT-5'-GMP. Furthermore, it should be noted that the
orientation of the Gln12 side chain in the complex rRNase
NT-5-AMP is slightly different from that in the complex
rRNase NT-5'-GMP (Fig. 4, B and D), while the positions of
amino acid residues of the B1 site are identical, irrespec-
tive of the base difference (Fig. 4, A and C). This finding
suggests a more flexible recognition mode of the B2
site than that of the B1 site in RNase NT toward distinct
bases.

2'-UMP Bound to RNase NT—In contrast to 5'-GMP and
5-AMP in the complexes, 2'-UMP predominantly binds the
B1 site in the crystal structure of the complex rRNase
NT-2'-UMP (Fig. 4, E and F). Two distinct orientations
of the side chain of Asn44 were observed; each side
chain interacts with both O4 (3.10 A) and N3 of the uracil
base, intermediating with water molecules, by hydrogen
bondings (Fig. 4, E and F). The conformer shown in
Fig. 4E is the major conformer having an occupancy of
0.6 and an average B-factor of 10.6 A2, The minor confor-
mer, as given in Fig. 4F, has an occupancy of 0.4 and an
average B-factor of 24.9 A2 The uracil base is sandwiched
by the hydrophobic indole rings of Trp50 and Trp42.
The phosphate group is, as the cases for 5-AMP, firmly
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stabilized by hydrogen bonding interactions with the side
chains of His92 (2.72 A), Glu93 (2.53 A), and His97 (3.10 A).

DISCUSSION

We previously isolated from N. glutinosa leaves two dis-
tinct cDNA clones, NGR1 and NGR3, which were induced
by a mechanical wounding and TMV-infection, respectively
(17). Subsequently, both NGR1 and NGR3 were expressed
in E. coli cells, and their translational products RNase NW
and RNase NT, respectively, were characterized in terms
of substrate specificity (18). The result indicated that
RNase NW preferentially cleaved Poly I, while RNase
NT hydrolyzed Poly A, Poly I, and Poly U at a comparable
rate. It was thus concluded that RNase NW is a guanylic
acid preferential RNase, whereas RNase NT is the enzyme
with a broad base specificity. The crystal structural ana-
lysis of RNase NW in complex with 5-GMP revealed that
the guanine ring of 5-GMP predominantly binds B2 site
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Fig. 4. Conformations of amino
acids composed of the B1 and
B2 sites in RNase NT. A, 5'-GMP
binding at the B1 site. B, 5-GMP
binding at the B2 site. C,
5-AMP binding at the B1 site. D,
5-AMP binding at the B2 site.
E and F, 2-UMP binding at the
B1 site, showing an alternative
conformation of Asn44. Hydrogen
bonds and distances (A) between
atoms and the others are shown
by dash line and number, res-
Phe 89 pectively. Water molecules are
described as spheres. All distances
are enough to make hydrogen
bonding.

n Leu 79
( Ser 78

*
ﬁ' 273 ¢

.78

2’-UMP

Trp 42

Glu 93

and identified GIn12, Tyr17, Thr78, Leu79, and Phe89 as
building blocks of the B2 site (15). Since the amino acid
residues involved in the 5-GMP interaction in RNase NW
are conserved as GIn12, Tyrl7, Ser78, Leu79, and Phe89 in
RNase NT, they could be expected to participate in base
bindings. Indeed, the present study shows that the base
moieties of 5-GMP and 5-AMP bound at the B2 site in
RNase NT are recognized in a manner similar to that of
5-GMP in the complex RNase NW-5'-GMP, though the
adenine base of 5-AMP adopts a different orientation
from the guanine base of 5-GMP. Thus, the glycosyl
bond of 5-AMP is an anti conformation, while that of
5-GMP is a syn conformation. Despite of a distinct orien-
tation, the adenine and guanine bases are recognized by
amino acids (GIln12, Tyrl7, Ser78, Leu79, and Phe89) com-
posed of the B2 site in RNase NT. Similarly, although base
moieties of 5'-GMP and 5-AMP bound the B1 site adopt a
different orientation, both bases are recognized by amino
acids (Trp42, Asn44, and Trp50) composed of the B1 site
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in RNase NT. Furthermore, a docking study with 5'-GMP,
5-AMP, or diribonucleoside monophosphates, such as
GpG, or ApA, indicated that guanine and adenine bases
lie on B1 and B2 sites in a manner approximately identical
to those observed in the crystal structures of the com-
plexes, though adenine base bound at the B1 shows two
distinct conformations: one is an ant¢i conformation as
observed in the crystal structure, while the other is a
syn conformation (Nakashima et al., unpublished results).
Hence, although we can not exclude the possibility that
the binding modes observed in the crystal structures
would be inhibitory modes, the orientation of the adenine
and guanine bases observed at the Bl and B2 sites
in RNase NT might be an adequate binding mode for
hydrolysis.

In contrast to 5'-AMP and 5'-GMP, no binding of 2’-UMP
was observed at the B2 site. Our previous structural
comparison showed that substitution of Asn71 in the
uridylic acid preferential RNase MC1 with the correspond-
ing amino acids Thr or Ser in the guanylic acid preferential
RNases cause an enlargement of the B2 site, which make
it feasible to insert a guanine base into the B2 site (16). It
could be assumed that the large size of the B2 site in RNase
NT may not allow the uracil base of 2-UMP to interact
with amino acid residues composed of the B2 site.

It is generally known that RNases, including RNases
belonging to the RNase A and RNase T1 families, degrade
the phosphodiester bond, primarily recognizing the base
located at the 5'-side of the scissile bond, though the depen-
dency of the catalytic rate on the nature of the nucleotide at
the 3'-side of scissile bond is known to be a general feature.
Thus, base specificity is usually attributable to the nature
of the interaction of B1 site with the base located at the
5'-terminal end. This is the case for the representative
RNase T2 family enzyme RNase Rh, where Trp49,
Aspb1, and Tyr57 are assigned as building blocks to con-
stitute the B1 site (4, 5). In this context, the specificities of
plant RNases, such as RNase NW and RNase MC1, set by
the bases at the 3'-terminal side of the scissile bond are
distinct from other RNases. It is speculated that RNase
NW and RNase MC1 might have diverged from an arche-
type of fungal non—base-specific RNase, acquiring a subsite
structure capable to bind to the bases at the 3'-side of
the scissile bond. The present study on RNase NT reveals
that 5'-GMP and 5'-AMP bind not only to B2 site but also to
B1 site, and 2-UMP predominantly binds to B1 site in
RNase NT; Trp42, Asn44, and Trp50 are found to be
involved in the interaction with base moieties at the B1
site. Comparing these amino acids with the corresponding
residues in RNase NW, Trp50 in RNase NT is substituted
with Tyr50 in RNase NW, though Trp42 and Asn44 are
conserved in the two molecules. It could be assumed that a
sandwich-like interaction provided by indole rings of two
Trp residues (Trp42 and Trp50) in RNase NT may form a
binding site with higher affinity than that by a phenolic
side chain (Tyr50) and indole ring side chain (Trp42) in
RNase NW. It could be speculated that replacement of
Tyr50 in RNase NW with Trp in RNase NT results in for-
mation of a more hydrophobic pocket, thereby making it
possible to dock adenine, guanine, and uracil bases into the
B1 site in RNase NT. The characteristic feature of the B1
site in RNase NT may partly explain for a broad substrate
specificity of RNase NT.
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