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The Podoviridae phage C1 was one of the earliest isolated bacter-
iophages and the first virus documented to be active against strep-
tococci. The icosahedral and asymmetric reconstructions of the
virus were calculated using cryo-electron microscopy. The capsid
protein has an HK97 fold arranged into a T ¼ 4 icosahedral lattice.
The C1 tail is terminatedwith aφ29-like knob, surrounded by a skirt
of twelve long appendages with novel morphology. Several C1
structural proteins have been identified, including a candidate for
an appendage. The crystal structure of the knob has an N-terminal
domainwith a fold observed previously in tube forming proteins of
Siphoviridae and Myoviridae phages. The structure of C1 suggests
the mechanisms by which the virus digests the cell wall and ejects
its genome. Although there is little sequence similarity to other
phages, conservation of the structural proteins demonstrates a
common origin of the head and tail, but more recent evolution of
the appendages.

bacteriophage C1 tail ∣ tail knob ∣ X-ray crystallography

Bacteriophage C1 infects group C streptococci and belongs to
the Podoviridae family of phages. It was one of the earliest

isolated bacteriophages and the first documented bacteriophage
to be active against streptococci (1). Phage C1 is highly specific to
group C streptococci, which are animal pathogens. As a result of
its specificity, C1 was used for classification of bacterial strains,
thus leading to the development of analytical phage typing (2).
Although C1 only infects group C streptococci, the bacteriophage
lysin, released during the last stage of infection, can rapidly kill
groups A, C, and E streptococci as well as Streptococcus uberis
and Streptococcus equi. Thus, in contrast to many bacteriophages
that recognize the same epitope by their tail fibers and by the
lysins (3–5), the bacteriophage C1 tail spike has evolved to be-
come highly specific to only one group of streptococci. Although
bacteriophage C1 lysin protein has been extensively studied
(6–9), the structure of the phage has remained unknown.

Bacteriophage C1 has a small 16,687 bp genome, which en-
codes for twenty open reading frames (ORFs). Functions of only
nine of these have yet been assigned (7). Bacteriophage C1 has
been classified as a member of the 44AHJD-like genus, none
of which have been investigated structurally. Analysis of the C1
genome showed very limited similarity to other phages. Four bac-
teriophage C1 proteins (the polymerase, the holin, the connector,
and the major tail protein) have distant homology to structural
proteins of phages from the φ29 family (7). Φ29-like phages have
a terminal protein associated with the genome and utilize a
protein-primed mechanism of replication (10, 11). The presence
of a terminal protein has been also shown for bacteriophage C1,
although the identity of this protein has not yet been determined
(7). In contrast to characterized φ29-like and 44AHJD-like
phages, which have short appendages at the head-to-tail junction
(10), bacteriophage C1 has a skirt of unusually long appendages
around the tail.

In the current work, the structure of bacteriophage C1 virus
has been studied by cryo-electron microscopy (cryo-EM) and
image reconstruction. Additionally, the structure of the C1 major
tail protein, forming a tail knob, was determined by X-ray crystal-
lography. The current study is the first structural investigation of
a bacteriophage that infects streptococci. The reconstruction
showed that phage C1 has an isometric capsid with a diameter
of 500 Å. The capsid protein is organized into a T ¼ 4 icosahe-
dral lattice and has a HK97 fold. This fold of the capsid protein
has been observed in all tailed phages (12–18). The short C1 tail is
surrounded by a skirt of 12 long appendages, each terminating
with a flexible globular domain, unlike those of tailed phages
studied previously. The cylindrical portion of the C1 tail is termi-
nated by a knob, which is a hexamer of the major tail protein,
gene product (gp)12. The crystal structure of C1 knob protein,
gp12, was determined to 3 Å resolution by X-ray crystallography.
The small N-terminal domain of the C1 tail protein has a protein
fold commonly found in neck and tail tube proteins of Sipho- and
Myoviridae phages (19), but not previously found in Podoviridae
phage proteins. Apart from the 120 residue N-terminal domain,
the gp12 structure has a novel fold, which might also occur in
knob proteins of φ29-like phages.

Results and Discussion
Protein Identification. Several C1 structural proteins have been
previously identified, including the major capsid, the major tail,
the connector and the collar proteins (7). Only capsid and con-
nector proteins were visible on SDS-PAGE of the purified virus.
As a result of a modified viral purification, leading to higher virus
concentration and increased sample purity, more proteins were
resolved on an SDS gel. Based on N-terminal sequencing and
mass-spectroscopy, the purified virus sample contains the major
capsid protein, the major tail protein, the connector, the collar
protein, and five proteins of unknown function: ORF5, ORF13,
ORF17, ORF18, and ORF19. The latter three proteins are very
small (the largest is 64 residues) and their location in the virus
remains undetermined. A BLASTsearch (20) showed that ORF5
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could have peptidase activity, suggesting that it could be asso-
ciated with the tail. The protein ORF13 is possibly a bacterioph-
age appendage. Although ORF13 does not have any similarity to
known phage proteins based on amino acid sequence analysis,
using the HHpred and the PAIRCOIL structural prediction soft-
ware (21–23) ORF13 was identified to have a coiled-coil domain
and a C-terminal eight-stranded α/β barrel (TIM barrel) domain.
Currently, there is no example of a tail spike structure with a TIM
barrel domain in the Protein Data Bank (PDB). However, a
possible tail spike protein, gp29 of Siphoviridae phage ISP (SPO1-
like phage), is also predicted to have a TIM barrel domain by
HHpred. Although the probability score for the C1 ORF13 struc-
tural prediction is not high, such a score was sufficient to predict
domain structures for other proteins (21, 23–25). It had been pre-
viously suggested that ORF6 could be an appendage, based on
sequence comparison (7). However, ORF6 was not present among
the viral structural proteins analyzed from the gel. Furthermore,
ORF6 is the only protein in the C1 sequence that has Walker A
and B motifs, suggesting it could be a packaging ATPase.

Structure of the C1 Capsid. Cryo-EM reconstruction showed that
the C1 capsid has a diameter of 500 Å and a T ¼ 4 icosahedral
arrangement, making it one of the smallest of tailed phages. The
majority of structurally studied tailed phages have a larger capsid
with a T ¼ 7 or higher icosahedral arrangement (P22, T7, HK97,
ε15, K1-E, N4) (12, 16, 26–29). Bacteriophage φ29 forms a pro-
late head with T ¼ 3 and Q ¼ 5 triangulation numbers (14, 30).
A mutant of φ29 is capable of producing T ¼ 3 isometric heads,
with a small portion of the virus making larger heads with T ¼ 4
and possibly T ¼ 7 symmetry (31). Another known example of a
T ¼ 4 capsid among tailed phages is the head of bacteriophage

P4, a genetically unrelated satellite virus of P2 of the P2/P4
bacteriophage system. Both P2 and P4 utilize the same capsid
protein, but bacteriophage P2 assembles into T ¼ 7 capsids,
whereas P4 assembles into T ¼ 4 capsids due to the presence of
a specific scaffolding protein (32, 33).

Bacteriophage C1 icosahedral reconstruction was calculated
to 8.3 Å resolution (Fig. 1). The C1 major capsid protein, gp16,
is homologous to capsid proteins from the 44AHJD genus and
does not have any detectable similarity to capsid proteins from
other phage groups. However, the distance between the capsomers
in the cryo-EM reconstruction was calculated to be approximately
140 Å. This is the distance between the centers of capsomers,
observed in HK97 and all other tailed dsDNA phages studied to
date (12–14, 16–18, 27, 28, 34). The HK97 subunit consists of an
axial A domain, a peripheral P domain and two extensions, an
N-terminal arm and an E-loop (27).

In the asymmetric unit of the T ¼ 4 C1 capsid, one subunit
comes from a pentameric capsomer and three from an adjacent
hexameric capsomer (Fig. 1A). The HK97 capsid protein struc-
ture was fitted into the C1 capsid shell using the Emfit program
(35). The electron density of the capsid protein monomer con-
tains three rod-like densities that are 50, 25, and 15 Å long. These
densities correspond to the long helix α3 and two short helixes
α5 and α6 of the HK97 capsid protein structure (numbered
according to the HK97 protein convention) (27). Most differ-
ences between the HK97 and C1 capsid proteins occur in the
regions corresponding to the long E loop and the N-terminal
arm of HK97 fold (Fig. 1 B and C). In the HK97 structure, these
regions have the largest structural deviation among the seven sub-
units that form an asymmetric unit of the HK97 capsid (27). Also,
these portions of the HK97 fold were shown to have the most

Fig. 1. Icosahedral reconstruction of the C1 capsid. (A) The surface of the capsid colored radially from cyan to magenta. The fit of HK97 subunits into four C1
capsid protein densities that form an asymmetric unit is shown on the right. The “*” symbol shows the position of two quasi-2-fold axes in the asymmetric unit.
A scale bar corresponds to 100 Å. (B) A stereo view of the capsid protein density segmented from the map. (C) A stereo view of the capsid protein density
segmented from the map. The orientations shown in B and C are related by 180° rotation.
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differences among different phages (12, 14, 18, 36). The number
of residues in gp16 of C1 is comparable to that of the HK97 cap-
sid protein (392 a.a. versus 385 a.a.). However, the N-terminal
103 residues of the HK97 capsid protein form a delta-domain that
is cleaved upon capsid assembly (37). In contrast to HK97, no
cleavage of the C1 capsid protein was detected by N-terminal
sequencing of the protein band from the virus preparation. The
additional approximately 100 residues probably form an insertion
domain, which corresponds to the protruding density observed in
the cryo-EM reconstruction. Analysis of the C1 capsid protein
molecular envelope showed the presence of two densities that
were uninterpreted by fitting of the HK97 structure: a protrusion
close to the location of the HK97 capsid protein E loop and an
additional density close to the quasi-2-fold axes (Fig. 1). Other
phages (for example, P22, φ29, K1-E, and T4) were also shown
to contain protruding insertion domains in the capsid protein
structure (12–14, 16). The structure and location of such domains
is often different between different phages, although the rest of
the structure has a HK97 fold. In some phages, such as T4 or
φ29, an insertion domain was suggested to stabilize the capsid
by bridging either neighboring subunits within a capsomer or cap-
sid proteins from neighboring capsomers (13, 14). The position of
the C1 insertion domain density is such that it could be assigned
to either of two neighboring capsid proteins. It is located either
over the peripheral P domain of the same molecule or is asso-
ciated with the neighboring capsid protein in place of the E-loop
of the HK97 fold. At the current resolution, the continuity of the
electron density favors the first possibility (Fig. 1 B and C). The
other additional density, located at the C1 capsid quasi-2-fold,
bridges between neighboring hexameric capsomers and between
neighboring hexameric and pentameric capsomers, thus aiding
capsid stability. Similar densities at the capsomer interfaces had
been observed in phages BPP-1, P-SSP7, and P22 (17, 18, 36). In
Bordetella phage BPP-1 these densities were attributed to a
cement protein. In P-SSP7 the capsid protein has an extension
in the E-loop, creating an additional density at interfaces between
capsomers. In P22 a density made by a loop in the insertion
domain provides strong interactions connecting neighboring cap-
somers. As no additional band of comparable intensity to the cap-
sid protein band was present in the SDS gel of the purified C1
virus, it is unlikely that the twofold density in phage C1 is an extra
protein. Therefore, the twofold density probably corresponds to a
loop in the capsid protein, similar to that in phage P-SSP7.

Asymmetric Reconstruction.By assuming no symmetry in the recon-
struction it was observed that there is a fixed orientation between
the sixfold tail and the fivefold symmetric head in many tailed
phages (14, 18, 28, 29, 38–40). A reconstruction without assuming
any symmetry of the C1 virion showed that the tail consists of an
about 250 Å long narrow cylinder, which terminates with a 150 Å
long knob, surrounded by a skirt of twelve 180 Å long appendages
(Fig. 2). Because no symmetry was imposed in the reconstruction,
relative arrangement and oligomeric states of the different com-
ponents could be observed. The connector, positioned at the in-
terface of the head-tail symmetry mismatch, has twelve lobes of
density, displaying approximate 12-fold symmetry. Here, as well
as in other bacteriophage reconstructions, the twelve connector
subunits are in different environments (28, 39). In the case of
P-SSP7 it was shown that the connector does not follow strict
12-fold symmetry (18). Plasticity of the connector helps accom-
modate the symmetry mismatch and could play a role during
DNA packaging. The structure of the φ29 connector fits well into
the C1 phage connector density (Fig. 2B). Many bacteriophage
connector proteins are bigger than the φ29 connector, ranging
from 36 kDa in φ29 (41) to 83 kDa in P22 (42, 43). However, the
C1 connector protein is comparable in size to that of φ29 (317 a.a.
vs. 309 a.a.). In the connector channel there is a continuous
density, which could be attributed to either DNA or the terminal

protein (Fig. 2B). In the interior of the capsid there are several
layers of highly ordered DNA in which individual strands of DNA
are separated by about 25 Å (Fig. 2A). The rings of DNA are
hexagonally packed and arranged as a spool wound around the
central axis. The spool is very well ordered, but there is no
internal body inside the C1 capsid unlike in many other phages,
including ε15, T7, N4, K1-E, or P-SSP7 (16, 18, 26, 28, 29). In
comparison, only two to three layers of ordered DNA are visible
in the reconstruction of the prolate φ29 head (39). The narrow
end of the connector protrudes from the C1 capsid and binds to
the lower collar and possibly interacts with the appendages.

The cylindrical tail structure of bacteriophage C1 consists of a
bulge region, to which the appendages are connected, a narrow
upper tube and a wider terminal knob. Based on the sequence
and positional similarities with the tail of φ29, the upper portion
corresponds to the lower collar protein, gp14, and the knob is
made of the major tail protein, gp12, discussed below. In the case
of C1, the knob density is cone-shaped with a narrower terminal
end, whereas in the case of φ29 it is bell-shaped with a wider end
(39). Bacteriophage φ29 has an extra protein, gp13, that is pre-
sent at the very tip of the knob, which possesses peptidase activity
(44). The electron density, corresponding to gp13, is visible only
in the emptied φ29 particles after DNA ejection. In the case of
phage C1, a protein encoded by ORF5, present in the virus sam-
ple, could have some peptidase activity based on the sequence
analysis using a BLAST search. Although ORF5 is smaller than
gp13 of φ29 (207 residues versus 365) and there is no detectable
sequence similarity between these two proteins; ORF5 could be
associated with the tip of the C1 tail in a way similar to gp13 of
φ29. The cylindrical part of the C1 tail is surrounded by 12
appendages, which have a novel morphology. The appendages of

Fig. 2. Asymmetric reconstruction of the C1 virion. (A) Surface representa-
tion of the C1 virion (Left) and cross-section through the bacteriophage,
showing different components of the virus (Right). The structure of the φ29
connector and the C1 major tail protein was fitted into the electron density.
(B) Two orthogonal cross-sections through the cryo-EM density map, showing
the fit of the φ29 connector. (C) Two orthogonal cross-sections through the
cryo-EM density showing the fit of gp12 into the knob.
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φ29 form a very tight collar around the head-to-tail junction and
do not extend all the way to the tail knob as in C1 (30, 39). In φ29,
the appendages have short arms or ribs and terminate with a tail
spike that has a ubiquitous β-helical fold (45, 46). As discussed
above, the structure of the C1 appendage protein is probably
different from that of φ29, with a TIM barrel terminal domain.
The twelve C1 appendages radiate from the head-tail junction
between the lower collar and the connector at about 45° to the
cylindrical part of the tail (Fig. 2A). Based on the electron den-
sity, each appendage can be segmented into three domains: a
proximal domain that binds to the virus, a long arm domain, and
a terminal flexible tassel domain. The proximal domain of the
appendage protein interacts with the connector and capsid, as
well as with the lower collar protein. The appendage arm is about
140 Å long, twice as long as the arm or rib of a φ29 appendage.
From the dimensions of the density, it is reasonable to suggest
that the appendage arm has a coiled-coil structure. As a typical
coiled-coil has a length of 150 Å per 100 residues, the coiled-coil
domain of the appendage protein has to be about 95 residues,
which is in agreement with the structural prediction of a coiled-
coil structure in ORF13. The density of the terminal tassel
domain is weak relative to the rest of the tail density, suggesting
it is flexible. As in other Podoviridae phages, the terminal domain
of the appendage probably has an enzymatic activity and is
involved in binding and/or digesting the cell wall during infection.
This domain probably corresponds to the TIM barrel fold,
predicted at the C-terminal part of ORF13. The flexibility of the
tassel domain might be beneficial for its enzymatic function.

Crystal Structure of the Major Tail or Knob Protein, gp12. The full-
length major tail protein, gp12, was expressed in E. coli and pur-
ified using a C-terminal hexa-histidine tag (Materials andMethods).
The full-length protein contains 573 amino acid residues and was
estimated to form a hexamer in solution using size-exclusion chro-
matography. Because the full-length protein did not produce crys-
tals, trypsin digestion was used to obtain a stable fragment of gp12.
It was found that trypsin cut gp12 into two fragments that could
be separated by an SDS PAGE. N-terminal sequencing results
showed that the highermolecular weight band corresponded to the
N-terminal fragment of gp12 and the lower molecular weight band
corresponded to the fragment starting with residue 461 (Fig. 3).
Despite the presence of a hexa-histidine tag at the C-terminus of
the protein, it was impossible to separate the two fragments by
Ni-NTA affinity chromatography. Moreover, the protein remained
a hexamer in solution, as determined by size-exclusion chromato-
graphy. Thus, the two fragments were structurally intertwined. The
protein was crystallized in the P21212 space group with a hexamer
of gp12 in the asymmetric unit and in C2 space group with two

hexamers in the asymmetric unit. The structure of the trypsin re-
sistant part of gp12 was determined by X-ray crystallography, using
the Multiple Anomalous Dispersion method (Materials and Meth-
ods and Table S1). The structure showed that trypsin digestion re-
moved a small 80-residue insertion domain (381–460) resulting in
two polypeptide chains. The larger linear fragment corresponds to
residues 1–381 and the smaller linear fragment corresponds to re-
sidues 461–573, which is consistent with the N-terminal sequencing
results. Thus, the gp12 structure consists of two fragments, which
are part of the same fold and can only be separated under dena-
turing conditions (Fig. 3).

The hexamer of gp12 is a 140 Å-long hollow cylinder with an
outer diameter of about 90 Å and an inner diameter of about
40 Å (Fig. 4B). The orientation and position of gp12 hexamer in
the electron density of the tail knob was determined by the EMfit
program (Fig. 2C, SI Materials and Methods, Table S2). The gp12
monomer is a long, narrow molecule that can be separated into
three domains: an N-terminal domain (D1), a short middle do-
main (D2), and a long domain (D3). The positions of the trypsin
cleavage sites (residues 381 and 461) are close in space and in-
dicate that the missing 80 residues (381–461) could form a fourth,
or “tip,” domain (D4) at the end of the knob (Fig. 4 A and C).
Thus, the tail protein structure has a modular architecture: D4 is
an insertion in D3, which itself is an insertion in D2 (Fig. 4C). The
DALI search (47) showed that only the fold of the N-terminal
domain (D1) had been observed previously, whereas the rest of
the gp12 structure has a novel fold. It was found that the 120
residue N-terminal D1 is similar to the fold observed in a very
ubiquitous family of bacteriophage proteins (Fig. 5), which form
closed ring structures found as a part of the tail tube, neck, or
baseplate (19). This β-sandwich fold is observed, for example,
in a bacteriophage T4 baseplate protein gp27, lambda tail tube
protein gpV, lambda neck protein gpU, and gpFII (48–51). Most
of these proteins are hexamers or pseudo-hexamers (i.e., trimers
with a monomer that has domain duplication) like gp27 of T4.
Similarly, the gp12 N-terminal domain forms a hexameric ring.
However, in the case of gp12, the N-terminal domains do not
form a continuous β-barrel through tight interactions within a
hexamer, as observed in other tube proteins. Moreover, the
N-terminal domains are the most disordered in the gp12 structure

Fig. 3. Trypsin resistant fragment of gp12. The lanes on the SDS-gel show
the marker, full length gp12 (black arrow) and gp12 after trypsin digestion
(green and magenta arrows). Corresponding fragments are colored in green
and magenta in the gp12 structure shown on the right.

Fig. 4. Structure of the major tail protein, gp12. (A) A monomer of gp12
with domains D1, D2 and D3 colored in blue, red and cyan, respectively. Black
arrow points to the location of D4 where the protein was cleaved by
trypsin. (B) Side and top views of the gp12 hexamer. Scale bar is 50 Å long.
(C) Location of the domains on the linear sequence of gp12, using the same
color scheme as in A and B.
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and have twice higher B-factors than the rest of the protein.
When an electron density map was calculated without applying
the sixfold non-crystallographic symmetry (NCS) averaging, the
densities of the six NCS-related N-terminal domains were differ-
ent. Only those N-terminal domains were ordered that formed
crystal contacts with neighboring molecules. However, it is pos-
sible that, upon interaction with a lower collar protein which
presumably forms the upper cylindrical part of the C1 tail, the
gp12 N-terminal domains could become ordered and form a tigh-
ter hexameric ring.

The tail tube fold of the N-terminal D1 of gp12 had been pre-
viously observed only in the Myoviridae and Siphoviridae families
of phages. To the best of our knowledge, this fold has not pre-
viously been found in a tail of a Podoviridae phage. Although the
similarity between the C1 gp12 and the φ29 gp9 knob proteins is
observed only in the C-terminal portion of the sequence, it is likely
that φ29-like phages have the same knob protein fold as phage
C1. The presence of common folds among diverse groups of
bacteriophages that do not have any similarity at the level of DNA
sequence indicates evolutionary ties between bacteriophage
families and shows that they evolved from a common ancestor.

Infection Process. Streptococcus C is a Gram-positive pathogen
with a 250 Å-thick cell wall, which corresponds to about the
length of the C1 tail. During infection the C1 phage probably has
to digest the cell wall so that the tip of the tail can reach the cel-
lular membrane and inject the viral DNA. By comparison of the
group C host with the group A bacteria, it was deduced that bac-
teriophage C1 probably uses N-acetylglucoseamine side chains on
a polyrhamnose backbone as part of its receptor (7). By analogy
with other phages, like φ29 and P22, and due to the lack of any
enzymatic activity suggested by the structure of gp12, it is reason-
able to suggest that the appendages are involved in the processing
of the cell wall and thus facilitate the approach of the tip of the
virus tail to the cell membrane. Additionally, a TIM barrel fold,
which most likely forms a tassel at the tip of the appendage pro-

tein, often has an enzymatic activity. Since there are twelve ap-
pendages per bacteriophage, the binding of one appendage to the
receptor increases the probability of attachment by the other ele-
ven. Thus, a large number of appendages around the tail increase
the avidity of the receptor binding. This could facilitate the diges-
tion of the bacterial cell wall, getting the tip of the tail closer to
the membrane. If ORF5 is a peptidase, as suggested above, and is
also associated with the tail, it could help digest the cross-linked
peptidoglycan layer.

The fit of gp12 into the knob density indicates that the missing
insertion domain (D4) is located at the very tip of the tail knob
(Fig. 2 A and C). Thus, it probably forms the plug that seals the
hollow cylindrical tail and prevents premature DNA ejection.
Based on the secondary structure prediction, D4 is mostly α-he-
lical. Unfortunately, it was not possible to find any homologs to
D4 using a BLAST search or HHpred. Considering its location,
D4 might be involved in interactions with the cell membrane dur-
ing phage infection. The flexibility of D4 could be important for
the opening of the tail cylinder, leading to the DNA release.

Most bacteriophages have a two-step infection process that
involves initial receptor binding and/or cell wall digestion and
a secondary interaction that triggers the release of the viral gen-
ome. It has been previously suggested for different tailed phages
that a signal is propagated from the tail to the connector, chan-
ging its conformation and releasing the DNA (18, 39, 52–55). In
C1 this trigger could propagate through the cylindrical tail part or
could also come from the appendages, which interact directly
with the connector. A signal from the appendages could initiate
the DNA exit into the tail cylinder. Finally, the opening of the tail
knob terminal tip could be triggered by its contact with the mem-
brane or a membrane protein, leading to DNA ejection into the
host cell.

Materials and Methods
The propagation and purification of C1 phage was based on the protocol
published previously (7) (SI Materials and Methods). A combination of EMAN
(56) and SPIDER (57) software packages were used for the image reconstruc-
tions (SI Materials and Methods and Fig. S1). Details of cloning, purification,
crystallization and structure determination of gp12 are described in SI
Materials and Methods. Data collection and refinement statistics are sum-
marized in Table S1. The program EMfit (35) was used for the crystal structure
fitting (SI Materials and Methods). The individual capsid protein density was
segmented from the capsid map based on the connectivity using programs
MAMA and AVE from the Uppsala Software Factory (58), as well as using the
program SEGGER as part of the CHIMERA package (59, 60). The Figures were
prepared using the program CHIMERA (59).
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