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Viomycin, an antibiotic that has been used to fight tuberculosis
infections, is believed to block the translocation step of protein
synthesis by inhibiting ribosomal subunit dissociation and trap-
ping the ribosome in an intermediate state of intersubunit
rotation. The mechanism by which viomycin stabilizes this state
remains unexplained. To address this, we have determined cryo-
EM and X-ray crystal structures of Escherichia coli 70S ribosome
complexes trapped in a rotated state by viomycin. The 3.8-Å reso-
lution cryo-EM structure reveals a ribosome trapped in the hybrid
state with 8.6° intersubunit rotation and 5.3° rotation of the 30S
subunit head domain, bearing a single P/E state transfer RNA
(tRNA). We identify five different binding sites for viomycin, four
of which have not been previously described. To resolve the de-
tails of their binding interactions, we solved the 3.1-Å crystal struc-
ture of a viomycin-bound ribosome complex, revealing that all five
viomycins bind to ribosomal RNA. One of these (Vio1) corresponds
to the single viomycin that was previously identified in a complex
with a nonrotated classical-state ribosome. Three of the newly
observed binding sites (Vio3, Vio4, and Vio5) are clustered at inter-
subunit bridges, consistent with the ability of viomycin to inhibit
subunit dissociation. We propose that one or more of these same
three viomycins induce intersubunit rotation by selectively binding
the rotated state of the ribosome at dynamic elements of 16S and
23S rRNA, thus, blocking conformational changes associated with
molecular movements that are required for translocation.
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The increasing occurrence of resistance of pathogenic bacteria
to antibiotic agents has become a major health concern in

recent years. One main reason for the emergence of antibiotic
resistance is that pathogens can undergo mutation of their target
structures to decrease their affinity for the drug. Studies of the
modes of action of known antibiotics and the structures of their
binding sites can, thus, facilitate the development of more ef-
fective antibiotics. Viomycin (SI Appendix, Fig. S1) is a ribosome-
targeting cyclic polypeptide antibiotic widely used in the treat-
ment of tuberculosis (1). Understanding the mechanism by which
it inhibits protein synthesis may provide the basis for creating
new drugs to address the problem of viomycin resistance.
Viomycin has been shown to inhibit ribosome translocation

(2–4) and dissociation of the 70S ribosome into its 30S and 50S
ribosomal subunits (5). The coupled movement of messenger
RNA (mRNA) and tRNAs during translocation is accompanied
by large-scale conformational changes of the ribosome, including
rotational movements of the 30S subunit and its head domain
(6–12). Combined fluorescence resonance energy transfer
(FRET) and chemical probing experiments (13) have shown that
binding of viomycin can trap the ribosome in a state in which the
30S subunit is rotated with the tRNAs bound in P/E and A/P
states, resembling the intermediate hybrid state of translocation
(14). The mechanism by which viomycin induces intersubunit ro-
tation and hybrid-state tRNA binding remains largely unknown.

Previous cryo-EM and X-ray crystallographic studies have
captured ribosome complexes in different rotated conformations
in the presence of elongation factor EF-G (6–10, 15–17), ribo-
some recycling factor (RRF) (18), or release factor RF3 (19)
either in the presence (6–10, 16, 17, 19) or in the absence (15, 18,
20) of antibiotics, including viomycin (8, 16, 17, 19). However,
these studies have not addressed the question of how binding of
viomycin is able to stabilize a rotated conformation of the ri-
bosome in the absence of translation factors. To date, only a
single structural study describing a ribosomal binding site for
viomycin bound in the absence of other factors has been
reported (21). Ribosomes in that complex contained a single-
bound viomycin molecule but were shown to be in the non-
rotated classical state; thus, its functional significance remains
unclear with regard to how viomycin influences the large-scale
dynamics of the ribosome. For this reason, we determined the
cryo-EM and X-ray structures of viomycin-bound 70S ribosome
complexes. In both cases, a total of five viomycins were bound to
ribosomes trapped in conformations with extensive intersubunit
rotation. The binding sites for the three of the four newly ob-
served viomycins are found at intersubunit bridges containing
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dynamic ribosomal RNA elements that undergo conformational
changes in the rotated state, explaining how viomycin induces
intersubunit rotation and inhibits dissociation of the ribosomal
subunits.

Results and Discussion
To characterize the effects of viomycin on the overall confor-
mation of the ribosome, we first determined the 3.8-Å cryo-EM
structure (Fig. 1A and SI Appendix, Figs. S2–S4) of a viomycin
complex with E. coli 70S ribosomes containing mRNA and a
deacylated initiator tRNAfMet (SI Appendix, Table S1). In the
absence of viomycin, 70S ribosome complexes containing a
bound initiator tRNA occupy the classical nonrotated state
(13–23). In our viomycin-containing cryo-EM structure, the
single main class of tRNA-containing particles obtained by 3D
classification showed a rotated hybrid-state ribosome containing
density for mRNA, a single tRNA bound in the P/E hybrid state,
and five copies of viomycin (Fig. 1A and SI Appendix, Figs. S5
and S6). The cryo-EM structure, therefore, reveals the confor-
mational changes that are unambiguously induced by the binding
of viomycin itself. However, we also sought a higher-resolution
description of the viomycin binding interactions. For this pur-
pose, we revisited our previous X-ray crystallographic data to
solve a crystal structure of viomycin bound to a rotated state of
the E. coli 70S ribosome in the presence of release factor RF3
(Fig. 1 B and C) at an improved resolution of 3.1 Å using ho-
mogeneous diffraction data obtained from a single crystal (SI
Appendix, Table S2). Although the presence of RF3 influences
the magnitudes of rotation of the 30S subunit body and head
domains, unbiased simulated-annealing Fo−Fc omit maps con-
firm the presence of the same five viomycin binding sites seen by
cryo-EM (SI Appendix, Fig. S7) with occupancies ranging from
0.88 to 1.0 (SI Appendix, Figs. S8 and S9). Their interactions with
dynamic features of ribosomal RNA suggest structural explana-
tions for how viomycin inhibits subunit dissociation (Fig. 2) and
induces intersubunit rotation and hybrid-state binding of tRNA
(Fig. 1D) and, thus, inhibits translocation. Our results are con-
sistent with reports of viomycin-resistance mutations that are
indicative of multiple viomycin binding sites (24, 25) as well as

single-molecule FRET titration experiments which suggest that
multiple viomycins bind and work synergistically to inhibit
translocation (26).

Overall Structures
We prepared complexes for cryo-EM reconstruction using E. coli
70S ribosomes containing viomycin, a 27-nucleotide mRNA, and
tRNAfMet bound initially to the classical P site using conditions
similar to those used in a previous FRET study showing
viomycin-induced intersubunit rotation (13) (SI Appendix, Sup-
plementary Methods). Data were collected on a Titan Krios
transmission cryoelectron microscope (FEI) operating at 300 kV
and equipped with a K2 Summit direct electron detector (Gatan
Inc.), generating 2,300 dose-fractionated image stacks that were
corrected for beam-induced motion. After semiautomatic parti-
cle extraction, a total of 132,064 particles was imaged (SI Ap-
pendix, Fig. S2). Subsequent unsupervised 3D classification
resulted in two classes of 70S ribosomes, distinguished by the
presence or absence of tRNA (SI Appendix, Fig. S2 and Table
S1). Cryo-EM reconstruction of the tRNA-containing class using
a dataset composed of 103,009 particles revealed a structure with
8.6° intersubunit rotation and 5.3° rotation of the 30S subunit
head domain, the deacylated tRNA in the P/E hybrid state with
its 3′-CCA end bound to the 50S E site, and its elbow contacting
the L1 stalk (Fig. 1 A and D). Importantly, the absence of any
bound translation factor or crystal lattice effects in our cryo-EM
structure confirms that the source of these large-scale rotational
events can be ascribed directly to the presence of viomycin.

Viomycin Binding Sites
The 3.8 Å cryo-EM map revealed density for five viomycin
molecules (SI Appendix, Fig. S6), four of which have not been
previously described. Vio1 corresponds to the single viomycin
bound to a classical state 70S complex previously reported by
Stanley et al. (21) with some minor conformational differences as
described below (see Fig. 4). No density attributable to Vio3,
Vio4, or Vio5 can be seen in electron density maps deposited by
Stanley et al. (21) (PDB accession no. 3KNH) (SI Appendix, Fig.
S10), although we note some density corresponding to the position

Fig. 1. Overall structures of viomycin-containing complexes. (A) Cryo-EM structure of the E. coli 70S ribosome in a complex with viomycin, mRNA, and a single
P/E tRNA (red) in the hybrid state. The positions of the five bound viomycin molecules are indicated. (B and C) X-ray crystal structure of a viomycin-containing
complex of the E. coli 70S ribosome bound with release factor RF3 (yellow), showing the positions of the five viomycin molecules and their surroundings in the
ribosome, including 16S rRNA (cyan), 23S rRNA (gray), and ribosomal protein S12 (blue). (D) The 30S subunit in the cryo-EM structure shown in A (cyan) has
undergone an 8.6° counterclockwise rotation relative to its orientation in the classical-state ribosome containing a single bound viomycin (pink) (21).
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of Vio2 (SI Appendix, Fig. S10B). Following the preliminary fit
to our cryo-EM map, we reexamined our previous viomycin-
containing structure of release factor RF3 bound to the 70S
ribosome (19). This complex, such as our cryo-EM complex,
shows extensive (6.7°) intersubunit rotation. This rotation could
be attributed to either viomycin or RF3, which has also been
shown to induce intersubunit rotation (19, 27). After calculat-
ing an unbiased simulated-annealing 3.1-Å resolution omit map
(SI Appendix, Figs. S8 and S9), we were able to unambiguously
place and model the five copies of bound viomycin, all of which
bind to elements of ribosomal RNA in the same positions
as seen in the cryo-EM structure (Fig. 1 A–C and SI Appendix,
Fig. S7). Vio3, Vio4, and Vio5, such as Vio1, are all located at
intersubunit bridges (Figs. 1C and 2) providing new evidence
for the mechanism of inhibition of subunit dissociation by
viomycin (5).
The Vio1 molecule is bound with full occupancy adjacent to

intersubunit bridge B2a, which is formed between the loop of
helix H69 of 23S rRNA and the base of helix h44 of 16S rRNA
near the decoding site of the 30S subunit (see Fig. 4). Vio1
contacts the base and phosphate groups of A1493 of 16S rRNA
and Thr40 of protein S12 in the decoding site (Fig. 3A). The
binding of Vio1 closely resembles that of the single viomycin
bound to a nonrotated classical-state ribosome (21), although its
position is shifted toward the ribosomal E site due to reposi-
tioning of bridge B2a in the rotated state (Fig. 4 A–C). Bridge
B2a is preserved upon intersubunit rotation by movement of
helix H69 to follow the lateral movement of helix h44 (Fig. 4D).
Thus, Vio1 precisely follows the movement of h44 and H69,
shifting by ∼6 Å from its classical-state position (21). Since Vio1
binds to both rotated and nonrotated ribosomes, it is unlikely to
play a role in promoting intersubunit rotation.
In the previously reported viomycin-containing structure (21),

the observed nonrotated state was likely favored by a combina-
tion of the presence of an initiator tRNA bound to the P site and
crystallization of the complex in a crystal form that stabilizes the
ribosome in the classical state (28). Our single-particle cryo-EM
reconstruction shows that viomycin can stabilize the rotated state
in the absence of restraints imposed by a crystal lattice (Fig. 1D),
in agreement with ensemble FRET experiments which showed
conversion of ribosomes to the rotated state in solution (13). In
our crystal structure, we were able to obtain a crystal form that is
compatible with the rotated form of the ribosome, which was
also favored by the presence of RF3, which itself induces inter-
subunit rotation in solution (27).
Vio2 (occupancy = 0.92) binds exclusively to the 30S subunit

(Fig. 2B), contacting helices h1, h18, h27, and h44 of 16S rRNA
and Lys42 and Lys43 of ribosomal protein S12 (Fig. 3B). Along

with Vio1, Vio2 is one of the two viomycins that interact with a
ribosomal protein. A possible role for Vio2 is suggested by
studies which showed that the mutations K43R or K87Q in S12
confer viomycin resistance toMycobacterium smegmatis (24). The
Vio2 binding site overlaps with that of streptomycin (29),
explaining how viomycin competes for binding with streptomycin
(30) (SI Appendix, Fig. S11). Besides its well-known implication
in translational accuracy, streptomycin resistance, and strepto-
mycin binding, protein S12 has also been proposed to function as
a control element for ribosomal translocation (31). Electron
density can be seen for Vio2 in the structure of the nonrotated
viomycin-containing complex (21) (SI Appendix, Fig. S10B).
Since the conformation of the binding site for Vio2 is virtually
identical in the rotated and nonrotated structures, Vio2 is un-
likely to influence intersubunit rotation.
Vio3, Vio4, and Vio5 form a triple cluster (SI Appendix, Fig.

S12) in the subunit interface at intersubunit bridges B2b and B3
at the convergence of helices h44 and h45 of 16S rRNA with
helices H69, H70, and H71 of 23S rRNA (Fig. 2 A and B).
Electron density for Vio3 (occupancy = 0.88) (SI Appendix, Fig.
S9A), is located at the subunit interface in contact with bridge
B2b connecting the hairpin loops of helices h45 and H69 with
helix H70 (Figs. 2B and 3C). Comparison with ribosomes in the
nonrotated state shows that bridge B2b undergoes a ∼5-Å
movement during intersubunit rotation (15, 18, 19). In our
structure, contact between Vio3, H70 and the loops of h45 and
H69 would interfere with bridge B2b rearrangements that
normally accompany its transition from the rotated to the
nonrotated state (Fig. 5E). Mutations in the TlyA gene in B.
smegmatis, which encodes a 2′-O-methyltransferase that is
specific for ribose methylation at C1409 in h44 of 16S rRNA
and C1920 in H69 of 23S rRNA, confer capreomycin and vio-
mycin resistance (32, 33). This finding suggests that 2′-O-
methylation of ribose 1920 could confer viomycin sensitivity by
promoting binding of Vio3, which contacts the 23S rRNA
backbone at position 1920 (Fig. 3C). Ribose 1409 of 16S rRNA
does not directly contact any of the viomycins in our structure;
however, Vio1 makes a close approach (within ∼4.6 Å) to the
2′-OH of ribose 1409, raising the possibility that they could
make contact in the 2′-O-methylated ribosome (SI Appendix,
Fig. S13).
Vio4 binds to bridge B3 (occupancy = 0.92), which is formed

between helices h44 of 16S rRNA and H71 of 23S rRNA
(Fig. 2B and SI Appendix, Fig. S14). Vio4 contacts both com-
ponents of bridge B3; on one side, it contacts positions 1,484 and
1,485 in helix h44 of 16S rRNA and on the other side positions
1,932 and 1,933 in H70 and 1,961 and 1,962 in H71 of 23S rRNA
(Figs. 3D, 5 B and C, and SI Appendix, Fig. S14). In addition to

Fig. 2. Positions of the viomycins relative to intersubunit bridges. (A) Overall view of the crystal structure of the 70S ribosome showing the positions of the
five viomycins concentrated around the subunit interface. (B) Closeup view of the structure in A, showing the positions of the viomycins relative to structural
features of the ribosome, including helices h44 of 16S rRNA and H69 and H71 of 23S rRNA and ribosomal protein S12. Three of the viomycins, Vio1, Vio3, and
Vio4 bind at intersubunit bridges B2a, B2b, and B3.
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its role in subunit association, bridge B3 coincides with the axis
of intersubunit rotation (34). Binding of Vio4 to bridge B3 at
C1484 of 16S rRNA could, thus, stabilize the rotated state of the
ribosome by directly interfering with back rotation of the 30S
subunit.
Vio5 (occupancy = 0.91) bridges helices H69 and H70 at po-

sitions 1,917 and 1,918 and 1,962 and 1,963, respectively, of 23S
rRNA (Figs. 3E and 5C). Although Vio5 binds exclusively to 23S
rRNA, it may interfere with intersubunit rotation by fixing the
relative positions of H69 and H70, thus, preventing movement of
H69. In addition, Vio5 may also contribute indirectly to in-
hibition of intersubunit rotation through its close interactions
with Vio3 and Vio4 (Figs. 1C, 5 B and C, and SI Appendix, Fig.
S12). As described above, intersubunit rotation is accompanied
by lateral movement of helix H69 in 23S rRNA. As a component
of subunit bridges B2a and B2b, movement of H69 permits re-
location of both bridges to cope with rotation of the 30S subunit.
Thus, cooperative binding of Vio3, Vio4, and Vio5 to the
rotated-state ribosome would inhibit reversal of intersubunit
rotation by preventing the repositioning of H69 back to its
classical-state position.
There is evidence that neomycin may also influence inter-

subunit rotation through binding to H69. Addition of neomycin

to a tRNA-ribosome complex resulted in a change in FRET
efficiency corresponding to partial intersubunit rotation (35). In
the same study, neomycin was soaked into single crystals con-
taining both a classical-state ribosome and a hybrid-state ribo-
some bound to P/E tRNA and RRF (35). The resulting
structures showed a neomycin molecule bound to the same po-
sition on H69 in both the classical and the hybrid-state com-
plexes at a position distinct from that of Vio3, 4, or 5 (SI
Appendix, Fig. S15 A and B). Binding of neomycin to the hybrid-
state complex resulted in movement of H69 and the P/E tRNA
closer to their classical-state positions (SI Appendix, Fig. S15 A
and C). Since intersubunit rotation was constrained by the crystal
lattice, it is unclear what the global effect of the H69 confor-
mational change would have been in solution, but the authors
inferred that binding of neomycin to H69 stabilizes a partially
rotated state, consistent with their FRET measurements (35).
However, in another study, cocrystallization of neomycin with
70S ribosomes, EF-G, and two tRNAs showed two neomycins
bound near H69 (9) (SI Appendix, Fig. S15D) but at different
sites from the one described above. This complex had significant
30S head rotation but very little intersubunit rotation, and it is
unclear what role neomycin played in its stabilization versus that
of EF-G and the tRNAs. The differences in neomycin binding

Fig. 3. Molecular Interactions between the viomycin and the ribosome. (A) Vio1 contacts helix h44 of 16S rRNA, H69 of 23S rRNA, and Thr40 of ribosomal
protein S12 at intersubunit bridge B2a, similar to the single viomycin observed for the nonrotated ribosome complex (21). (B) Vio2 binds exclusively to the 30S
subunit, contacting h1, h18, and h44 in 16S rRNA and Lys42 and 43 of protein S12. (C) Vio3 binds at intersubunit bridge B2b, contacting h45 in 16S rRNA and
H69 and H70 of 23S rRNA. (D) Vio4 binds at intersubunit bridge B3, near the axis of intersubunit rotation, contacting h44 in 16S rRNA and H70 in 23S rRNA. (E)
Vio5 binds between H69 and H70 of 23S rRNA, likely restricting movement of H69 during intersubunit rotation. The viomycin structures are shown in all-atom
and transparent surface rendering. The 16S rRNA is shown in cyan, 23S rRNA in gray, and S12 in blue. RNA phosphate moieties are labeled by P, and riboses
are labeled by r.
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between these structures show that the presence of ligands that
influence ribosome conformation, such as RRF or EF-G, can
also influence the mode of antibiotic binding.
The same may be true for viomycin. Here, we show that

viomycin binds to the same five binding sites in rotated ribo-
somes in the presence or absence of RF3 (SI Appendix, Fig. S7).

However, electron density maps for previously published crystal
structures of complexes containing EF-G bound to vacant ro-
tated ribosomes in the presence of viomycin and RRF (17)
show electron density corresponding to Vio1 and Vio2 but
not Vio3, Vio4, or Vio5 (SI Appendix, Fig. S16). The absence
of Vio3, 4, and 5 in these structures may be related to the

Fig. 4. Vio1 binds to classical and rotated states. (A) Overall view of 16S rRNA in the classical (pink) and rotated (cyan) states as aligned on the core of 23S
rRNA. (B) Movement of the Vio1 binding site between the classical and the rotated states. (C) H69 of 23S rRNA moves synchronously with h44 at the Vio1-
binding site. (D) Alignment on 16S rRNA shows that the conformation of the Vio1-binding site is preserved upon intersubunit rotation. Vio1 is shown in green
(classical) and magenta (rotated); 23S rRNA is shown in yellow (classical) and gray (rotated).

Fig. 5. Binding of Vio3, Vio4, and Vio5 interferes with conformational changes associated with intersubunit rotation. (A) Superimposition of 23S rRNA in the
classical (yellow) and rotated (gray) states. (B) Vio3, Vio4, and Vio5 cluster at the site of maximummovement of 23S rRNA components of intersubunit bridges
B2b and B3. (C) Rotated view of B. (D) Rotational movement of 16S rRNA and compensating conformational changes in 23S rRNA. (E) Vio3 connects h45 and
H69 to H70; in the classical state, h45 would create a steric clash with Vio3. In addition, both Vio3 and Vio5 (C) bridge H69 to H70, interfering with movement
of H69.
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presence of RRF, which also binds H69 and so may compete
with viomycin binding. Although Vio 3, 4, and 5 are also absent
in complexes that were cocrystallized with EF-G and tRNA (8),
these complexes show extensive 30S subunit head rotation but
very little intersubunit rotation, consistent with our conclusion
that Vio3, 4, and 5 bind preferentially to H69 in its rotated
conformation.

Conclusions
The existence of multiple binding sites for viomycin is supported
by the results of single-molecule FRET studies by Feldman et al.
(26). They observed an interesting biphasic dependence of inter-
tRNA FRET efficiencies with increasing viomycin concentration
that likely reflects the influence of viomycin on hybrid-states
formation. Vio1 and Vio2 are unlikely to influence inter-
subunit rotation. Vio2 binds exclusively to the 30S subunit, while
Vio1 binds to both classical and rotated ribosomes as its
binding site is preserved upon intersubunit rotation. We, there-
fore, propose that Vio3, Vio4, and Vio5 are responsible for
trapping the ribosome in the rotated state. They form a compact
cluster which binds at the subunit interface to mobile 23S rRNA
elements of intersubunit bridges that contact the 30S subunit
body domain around the axis of 30S rotation. Multiple interac-
tions are formed by the viomycin cluster that fixes the position of
H69, preventing its movement relative to H70 that is needed to
preserve bridge contacts during rotation of the 30S subunit. In
addition, contacts between these viomycins and the bridge ele-
ments of 16S rRNA further contribute to interference with
intersubunit rotation. Finally, the binding sites for Vio3, Vio4,
and Vio5 exist only in the rotated state, thus, trapping the ri-
bosome in the rotated state.
Although it seems at first surprising that binding of a small

molecule, such as viomycin, could induce rotation of a >800 KDa
macromolecular structure, it is nevertheless clear that the energy
barrier for intersubunit rotation is small enough to be triggered
by thermal energy alone at 22° (22) or even by the difference in
energy between binding an initiator tRNA versus an elongator
tRNA to the ribosomal P site. A final question is whether Vio3,
Vio4, or Vio5, which are implicated in stabilization of the ro-
tated state of the ribosome are also responsible for antibiotic

activity. Some support for this comes from mutations at or near
their bindings sites in the loop of H69 of 23S rRNA at A1913U
and U1915G as well as deletions of U1915 and A1916, which
confer resistance to viomycin and/or capreomycin (32, 36). Ri-
bose methylation of C1920 of 23S rRNA confers sensitivity to
viomycin in B. smegmatis (32), implicating Vio3 (which contacts
position 1920) in viomycin’s bactericidal action. These findings
suggest further directions toward achieving a full understanding
of the antibiotic action of viomycin.

Methods
For cryo-EM structure determination, viomycin was bound to tight-couple
70S ribosomes from E. coli MRE600 containing tRNAfMet and a defined
27-nucleotide mRNA. Cryo-EM data were acquired using an FEI Titan Krios
cryotransmission electron microscope equipped with a Gatan K2 Summit
direct electron detector. Following motion correction and estimation of
contrast transfer function parameters, 13,000 particles were picked using
semiautomated particle picking and subjected to 2D classification, 3D clas-
sification, and high-resolution refinement. For crystallographic structure
determination, crystals of a viomycin-RF3-ribosome complex containing a
27-nucleotide mRNA and tRNAMet were grown via vapor diffusion. Diffrac-
tion data were integrated, merged, and scaled, and the structure was solved
by molecular replacement using an all-atom model of a ribosome-RF3-
GDPNP structure at 3.7-Å for the initial search.

Data Availability. Coordinates and structure factors for the X-ray crystal
structure of viomycin bound to a 70S ribosome containing mRNA, initiator
tRNA and RF3 have been deposited with the Protein Data Bank, http://www.
wwpdb.org/ (PDB ID code 6LKQ). The Cryo-EM structure of viomycin bound
to a 70S ribosome containing mRNA and initiator tRNA has been deposited
with the Protein Data Bank, http://www.wwpdb.org/ (PDB ID code EMD-
0939).
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