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Ribosomal protein S7 is one of the ubiquitous components of the small subunit of the
ribosome. It is a 16S rRNA-binding protein positioned close to the exit of the tRNA, and
it plays a role in initiating assembly of the head of the 30S subunit. Previous structural
analyses of eubacterial S7 have shown that it has a stable a-helix core and a flexible -
arm. Unlike these eubacterial proteins, archaebacterial or eukaryotic S7 has an N-termi-
nal extension of approximately 60 residues. The crystal structure of S7 from archaebac-
terium Pyrococcus horikoshii (PhoS7) has been determined at 2.1 A resolution. The final
model of PhoS7 consists of six major a-helices, a short 3,,-helix and two B-stands. The
major part (residues 18-45) of the N-terminal extension of PhoS7 reinforces the «-helical
core by well-extended hydrophobic interactions, while the other part (residues 46-63) is
not visible in the crystal and is possibly fixed only by interacting with 168 rRNA. These
differences in the N-terminal extension as well as in the insertion (between al and «2) of
the archaebacterial S7 structure from eubacterial S7 are such that they do not necessi-
tate a major change in the structure of the currently available eubacterial 16S rRNA.
Some of the inserted chains might pass through gaps formed by helices of the 16S rRNA.
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X-ray structure.

Ribosomes are cellular organelles responsible for protein
synthesis in all living cells. They synthesize proteins ac-
cording to the genetic code on the mRNA using aminoacy-
lated tRNAs as substrates. The tRNA first enters the A-site
as an aminoacyl tRNA (A-tRNA), then moves to the P-site
as a peptidyl tRNA (P-tRNA) after the peptide-bond forma-
tion. The deacylated tRNA (E-tRNA) leaves the rbosome
through the exit (E-site). Bacterial ribosomes (70S) consist
of small (308) subunits containing 16S rRNA and approxi-
mately 20 proteins, and large (50S) subunits containing
23S rRNA, 55 rRNA, and over 30 proteins. The 30S sub-
unit is responsible for decoding mRNA by monitoring base-
paring between the codon on the mRNA and the anticodon
on the tRNA, while the 50S subunit catalyzes peptide-bond
formation.

Ribosomal protein S7 is one of the primary 165 rRNA-
binding proteins in the small (30S) subunit. It is located at
the head of the 30S subunit and 18 known to initiate head
assembly (I, 2) S7 is also known to be located in the vicin-
ity of the ribosome-decoding site. Experiments using photo-
labeled tRNAs at anticodon loop have shown that the
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ribosomal protein S7 is the protein component that is al-
most exclusively marked by the tRNAs bound at the A-
tRNA, P-tRNA, and E-tRNA sites of the ribosome (3-6). A
gsimilar experiment using photoreactive mRNA has also
shown that S7 is in close contact with the upstream region
of the mRNA (7) This localization of S7 suggests that it not
only plays an important role in assembly of the 30S sub-
unit but may somehow contribute to the decoding process
of the 30S subunit.

We and another group have previously solved the crystal
structures of S7 from eubacterial Bactllus stearothermophi-
lus (BstS7) (8) and Thermus thermophilus (TthS7a) (9),
showing that S7 has a stable hydrophobic a-helical core
and a B-arm. A model-building experiment has indicated
that the most distal part of the B-arm is exposed to the
tRNA and the upstream region of the codon-anticodon
interaction site of the mRNA, suggesting that S7 might
work as a gate keeper for the tRNA (8, 10).

Recently, crystal structures of the 30S ribosome subunit
from 7. thermophilus have been reported by two groups at
3.3 and 3.0 A resolution, respectively (11, 12). S7 in the T
thermophilus 30S subunit (7thS7b) strongly binds to the
junction of helices 29, 30, 41, and 42 in the 3’ major domain
of 16S rRNA with a loop between al and o2, and a stable
part of the B-arm. The N-terminal region that was disor-
dered without TRNA in BstS7 and TthS7a was positioned to
bind helices 28 and 43 of 16S rRNA. The crystal structure
of the 30S subunit further revealed that ribosomal protein
S7 contacts ribosomal protein S11 at the C-terminus. More
recently, the crystal structure of the 708 ribosome in com-
plex with bound tRNA has also been reported at 5.5 A reso-
lution (13) In the structure of the 70S complex with
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tRNAs, the C-terminal 3,-helix of S7 packs agamnst the
backbone of the anticodon stem, whereas the S7 B-arm 1s
positioned at the Watson-Crick face of the E-tRNA antic-
odon. Furthermore, the structure also revealed that the
exit path for the E-tRNA is blockaded by protein S7 (B-arm
and C-terminal 3,,-helix), L1, and its rRNA-binding site. In
order to release the deacylated tRNA, the movement of one
or both of these structures is necessary (13).

In the present paper, we report the crystal structure of
ribosomal protein S7 from archaebacterial Pyrococcus hori-
koshu (PhoST) at 2.1 A resolution. Unlike eubacterial S7,
the S7 from archaea or eukaryotes has a long N-terminal
extension of approximately 60 residues. PhoS7 also has a
20-residue insertion at a loop between al and a2, at which
TthS7b binds most tightly to the 16S rRNA.

EXPERIMENTAL PROCEDURES

Preparation of PhoS7—For the overexpression of PhoS7,
its gene was produced using a two-step polymerase chain
reaction (PCR) strategy with the internal primers shown
below: N-terminus, 5-GAAAAGAGAAGCCAAGCATATGA-
AGGAGG-3’; C-terminus, 5-GAAGGTTATGAAAATCAA-
GC-TTAACGTGAGG-3"; NdeI(CATATG)—>{CGTATG), 5’
GAAAGTTAGGGCGTATGAAGTAGTTAAGG-3,5-CCTT-
AACTACTTCATACGCCCTAACTTTC-3'. Purified PCR
product was digested with Ndel and HindllI and cloned
into the expression plasmid pET-22b (Novagen) at the
Ndel/Hindlll sites. Escherichia colt BL21-Codon-Plus-
(DE3)-RIL (Stratagene) was transformed with the pET-
22b(+¥PhoST plasmid. The cells were grown at 37°C in LB
medium containing 50 pg/ml ampicillin and 34 pg/ml
chloramphenicol. The expression of PhoS7 gene in E coli
BL.21 (DE3) was induced after injection of 1 mM IPTG. The
cells were harvested by centrifugation at 3,000 xg for 15
min at 4°C and washed 1n buffer A (50 mM Trnis-HCl pH
7.5, 1 mM EDTA, 0.4 M NaCl, 1 mM dithiothreitol, 1 mM
phenylmethylsulfonyl fluoride). The cells were disrupted
using a French press at 8.3 MPa. The homogenate was clar-
ified by centrifugation at 40,000 xg for 30 min at 4°C. The
supernatant of the cell extracts was incubated at 65°C for
15 min and centnfuged at 40,000 xg for 30 min. The result-
ant supernatant was applied to a SP-Sepharose column
equilibrated with buffer A. After washing, the bound pro-
tein was eluted using a linear gradient of 0.4-1.0 M NaCl
in buffer A. In this chromatography, PhoS7 was eluted at
0.6 M NaCl and gave a single band on SDS-PAGE (data
not shown). The fractions containing PhoS7 were pooled,
dialyzed against distilled water containing 1 mM DTT, and
concentrated by ultrafiltration using CentriPlus-10 and
Centricon-10 microconcentrators (Amicon) to a final con-
centration of 10 mg/ml. The purity of the protein was ana-
lyzed by MALDI-TOF mass spectrometry (Voyager DE-
PRO, PerSeptive Biosystems), and the molecular mass was
estimated to be 24,982 Da, which coincided well with the
calculated value (24,976 Da) for PhoST.

Crystallization and X-Ray Data Collection—For the crys-
tallization experiments, the purified sample was dialyzed
in distilled water containing 1 mM DTT at a concentration
of 10 mg/ml. Crystallization trials were carried out at room
temperature using the hanging-drop vapor diffusion tech-
nique by mixing 2 pl of protein solution with 2 pl of reser-
voir. The initial crystallization conditions were determined
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by the sparse-matrix sampling method using Wizzard I and
11 of Emerald Bio Structures. Crystals were obtained under
condition number 7 of Wizzard II {0.1 M Tris-HC] buffer
(pH 7.0), 0.2 M NaCl, and 30% (w/v) PEG3000] and grown
up to 0.1 x 0.1 x 0.2 mm?3 in 4 days at room temperature.
The crystals were found to diffract to 2.1 A and to belong
to the hexagonal space group P3,21 with unit cell dimen-
sionsofa=b=5894,c= 118.1A2,andy= 120°. The asym-
metric unit contains one monomer of PhoS7, corresponding
to the V,, value of 2.1 A® Da-! X-ray diffraction data of
PhoST7 were oollected from a single crystal using the syn-
chrotron radiation source at the BL44XU station of SPring-
8, Japan. The crystal was mounted in nylon loops and
flash-frozen under a liquid nitrogen stream (100 K). The
conditions of the diffraction experiments were as follows:
the wavelength was 0.9 A, the distance to the crystal was
250 mm, and the exposure time was 10 sec/frame for a 1.0°
oscillation angle. The total number of frames was 180. All
frames were processed using MOSFLM program (14) and
scale-merged using SCALA program (15) (Table I).
Structure Determination and Refinement—The structure
of PhoS7 was determined by molecular replacement using
program AmoRe (I16). The search model was constructed
from BstS7 (8) with deletion of the N-terminus (to residue
18). Based on the sigmaa-weighted (2Fo-Fc) and (Fo-Fe)
maps that were calculated after ngid-body refinement, the
atomic model was rebuilt using the graphics program O
(17). The dynamic refinement was carried out using the
program CNS with a manual fitting model between rounds

TABLE I Statistics of data collection and refinement.
Data collection

Wavelength (A) 09
Space group P3,21
Resolution* (A) 40-21(2.21-21)
Observed reflections 139,697
Independent reflections 14,407
Completeness (%) 99.8 (99.8)
Multiphaty 97(71)
Io(l) 7229
R, (%) 8.1(262)
Refinement
Resolution range (A) 1021
No. of reflections 14,240 (F 2 20)
Residues included 166
No of non-hydrogen atoms 1,300
No of water molecules 140
R-factor (%) 19.6
R, -factor? (%) 230
Average B-factor (A
Main-chain 318
Stdechain 367
Solvent 506
Rms deviations
Bond lengths (A) 0005
Bond angles (°) 103
Ramachandran plot*
Residues 1n most favored regions (%) 92.5

Residues in additional allowed regions (%) 7.5

*Values in parentheses are for the outermost resolution shell
R = Zp[mfm—D17E | (D11 /5,2, 5, where (I), 15 the mean
intensity of symmetry-equivalent reflections and m 1s redundancy
‘R-factor=X | F,,—F ,|X Fg, where F_, and F_, are observed and
calculated structure factor amplitudes. R, -factor value was cal-
culated for R-factor, using only an unrefined subset of reflections
data (10%) °*Ramachandran plot was calculated by PROCHECK
program (26).
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using the program O. Simulated-annealing refinement was
carried out in the first round with 2,500 K, and conjugate
gradient minimization and restrained individual isotropic
temperature-factor refinement were performed in each
round with overall anisotropic temperature-factor and
bulk-solvent scaling (18). At the current stage of refine-
ment, the model has an R-factor of 19 6% and a free R-fac-
tor of 23.0% for the data in the 20 A to 2.1 A resolution
region, including 166 residues for the crystallographically
independent molecule and 131 water molecules. The refine-
ment statistics are summarized in Table I. The coordinates
will be deposited in the Protein Data Bank (19).

RESULTS AND DISCUSSION

Structure Description—The stereo view of the overall
structure of the PhoS7 is given in Fig. 1. The final model of
PhoST7 consists of six major a-helices (al-a6), a short 3,
helhx (al’), and two B-strands (B1-82), with a connectivity of
al-al-a2-a3-B1-B2-a4-a5-ab [for comparison with other
S7s, we use the numbering system for secondary structures
in reference to BstS7 and TthS7a (8, 9)]. Five of six a-heli-
ces (al, a2, a3, a4, and «b) form a hydrophobic core. a1 and
a2 make up the helix-turn-helix (HTH) motif. a4 and ob
have a chain trace similar to HTH, but its chain direction is
reversed. There 1s a pseudo-twofold symmetry axis between
these two HTH motafs, which are tightly entangled to-
gether by the well-conserved hydrophobic residues. At the
bottom of these four helices, a3 runs perpendicularly to the
pseudo-twofold axis. Two B-strands form a natural right-
handed twisted antiparallel B-arm between a3 and a4. The
C-terminal helix a6 (residues 203-216) extends halfway
along the B-arm. The N-terminal residues 1-17 and a loop
between helices al and a2 (residues 81-97) were not con-
structed, as the electron density is poor in these regions.
Another long loop of residues 46—63 between al’ and «1 is
also disordered and not included in the present structure.

Querall Comparison of the PhoS7 and Eubacterial S7
Structures—Recent progress in the genome-sequencing
project has allowed sequential companson of ribosomal pro-
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teins from wide variety of organisms. Such comparison has
shown that although ribosomal proteins are well-conserved
among different phylogemes, they often have large inser-
tions (extensions) or deletions in their peptide chains. Since
the atomic coordinates of the 30S subunit from 7! thermo-
philus (12) and the 50S subunit from Haloarcula mars-
mortui (20) are now available, the significance of such an
insertion (extension) or deletion can be evaluated in part
based on the structure of the independent molecules.

Comparative analysis of amino acid sequences using the
program CLUSTALW (21) for all nbosomal proteins in the
30S subunit within archaebacteria (P. horikoshu), eukary-
ote (Human), and eubacteria (7. thermophilus) has shown
that the sequences of archaebacterial ribosomal proteins
are generally longer than those of eubacteria, with 15-25%
identical residues. They are more similar to those of euka-
ryotes, with 35-45% identical residues. Most of the large
differences (extension/deletion) between archaebacterial P,
horikoshu and eubacterial T thermophilus are located at
the terminal regions. Figure 2 shows a comparison of the
sequences of the ribosomal protein S7 from several phylog-
enies. Among the ribosomal proteins common to eubacteria
and archaebacteria, S7 has one of the longest extensions
(deletion). The peptide chain of PhoS7 is longer than that of
TthS7 by 65 residues, of which 45 residues are at the N-ter-
minus and others are in the rRNA-binding loop between al
and o2

Figure 3a 1s a superposition of PRoS7 and eubacterial S7
from the 30S subunit of T. thermophilus (TthS7b) (12). Al-
though the N-terminal regions and the two loops (between
al” and al, and between al and «2) of PhoS7 are not
defined in the crystal, 1t is still evident that the two mole-
cules have the same folding topology and a similar struc-
ture. The structure of S7 may be divided into three parts:
an a-helical domain, a B-arm, and N- and C-termini. The -
helical domain is composed of five helices (al-a5). This is
the core of the S7 structure and acts as an anchor from
which rRNA-binding sites extend. This domain has a very
fixed structure, as shown by the small rm.s. deviations of
1.6 A between PhoS7 and BstS7, 1.7 A between PhoS7 and

Fig 1 A stereoscopic draw-
ing of the ribosomal protein
S? from P. horikoshii. The
balls and sticks colored green
represent hydrophobic amino
acids which make van der Waals
contacts between the hydropho-
bic a-helical core and the N-ter-
minal extension specific to arch-
aebactena and eukaryotes. The
dotted lines are disordered resi-
"~/ dues of 1-17, 4663, and 81-97.
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TthSTb, and 0.66 A between BstST and TthS7b for 113 Ca
atoms in «al, a2, a3, a4, and a5. The residues creating the
hydrophobic contacts in the core are well-conserved: espe-
cially important are six alanyl residues, Ala110, Alal29,
Alal72, Alal88 Alal94, and Ala195. These residues are
located at the center of the hydrophobic cluster, at which no
larger hydrophobic residues are allowed. In contrast with
the a-helical domain, the structure of the p-arm is some-
what flexible, as indicated by the larger r.m.s, deviation val-
ues (2.8 A between PhoST and BstS7, 2.2 A between PhoS7
and TthS7b, and 1.3 A between BstS7 and TthS7b for 129
Ca atoms, including B1 and $2). The amino acid residues
as well as the secondary structure in the B-arm are moder-
ately conserved. The N- and C-terminal portions are more
diverse both 1n their amino acid sequences and their three-
dimensional structure. Moreover, the structures of these
portions are often disordered in crystals of isolated mole-
cules from 16S rRNA.

N-terminal Extra Region—As shown in Fig. 2 PhoS7
shares only approximately 20% identical residues with
eubactenal S7s (BstS7 and TthS7). The largest difference is
at the N-terminal region, in which 21 residues of eubacte-
rial S7 are replaced by the unrelated 65 residues of PhoS7,
corresponding to approximately 30% of the 218 residues of
PhoST.

ol
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Crystal structure analysis of the 1solated S7 molecules
from eubacteria (BstS7 and TthS7) has shown that the 10
N-terminal residues are disordered (8, 9). This region is
structured only when it interacts with 16S rRNA, as shown
by the subsequently analyzed 30S subumt (12); the N-ter-
minal residues (1-10) stretch into a cleft formed by helices
28, 40, and 43 of 165 rRNA and come into contact with
helices 28 and 43 with Ala2, Arg3, Arg4, Arg6, and Argl0
(here the residue number 18 that of eubacterial S7). Al-
though the amino acid sequence of this region has no simi-
larity to that of archaea or eukaryotes, some of these resi-
dues (Ala2, Arg3, Arg4, and Argl0) are well-conserved in
the eubacterial S7s. The truncation of this region of BstS7
abolishes the 16S rRNA binding (22). Furthermore, a
recent analysis using reconstituted ribosomes with the pro-
tem S7 tagged with the protein kinase A recognition site
showed that the S7 derivative lacking the 17 N-terminal
residues causes ribosomes to accumulate on mRNA to
abnormally high levels, suggesting that ribosomes contain-
ing this S7 derivative are defective in translation elonga-
tion or termination (23)

Although, as 1n the case of the isolated S7 molecules of
eubactena, no structure was found around the correspond-
ing region after the superposition of eubacterial S7 and
PhoS7, the chain trace of the visible part of PhoS7 and the

-
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PYRHO: Pyrococcus horikoshii

METTH: Methanobacterium thermoautotrophicum
HUMAN : Homo sapience

ECOLI:Escherichia coli

BACST:Bacillus stearothermophilus

THETH: Thermus thermophilus

Fig. 2. Sequence comparison of the ribosomal protein S7s. The
alignment of amino acid sequences was first calculated by use of
CLUSTALW (21) and modified based on secondary structures of
PhoS7 (present work) and TthS7b (12) The amino acid residues are
shown as follows completely identical (shaded), conserved change
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(boxed) The secondary structure elements indicated are those defined
by the present work for PhoS7 using the DSSP program (25). Resi-
dues interacting with 16S rRNA 1n the TthS7b are marked by aster-
isks.
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a Fig. 3 Structural comparison of the
ribosomal protein S7s. (a) A stereo-
scopic drawing of a superposition of
PhoS7 (red) and TthS7b (green) The dot-
ted lines are disordered residues of 1-17,
4663, and 81-97 (b) Stereoscopic
model-building of PhoS7 (purple and
green), 16S rRNA from T thermophuus
(yellow) (12), and tRNA (blue) (I13).
PhoS7 was drawn after superposition
with TthS7b The dotted lines are the ex-
pected trajectory of the peptide chains of
loops 1 (46-63) and 2 (81-97). (¢) A view
of the molecular structure of PhoS7 (red)
superimposed on the surface of 16S
rRNA of T' thermophilus (yellow) show-
g the RNA gaps for disordered loop 2
(81-97). Residues Ser80 and Ser98 are
marked by blue and green arrows, re-
spectively (d) A superposition of C* at-
oms of S7s with E-tRNA (blue) The S7s
are from P. horitkoshu (PhoS7, red), B
stearothermophilus (BstST7, yellow) (8), T
thermophilus (TthS7a, hght blue) (9),
and the 30S subumt of T thermophilus
(TthSTb, green) (12)
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partial trace of the poor electron density suggests that resi-
dues 4663 (loopl) come into contact with the region of 16S
rRNA where N-terminal residues (1-10) of TthS7b interact.
Thus, instead of the end of the N-terminal chain of eubacte-
rial S7, PhoS7 seems to come into contact with the helices
28 and 43 by means of residues 46-63 in loop 1 (Fig. 3, a
and b).

Residues 11-21 of eubacterial S7 come into contact with
the hydrophobic «-helical core (a1, a2, a3, a4, and ab) and
are exposed on the surface of the 30S subunit. Instead of
these residues of TthS7b, part of the extended N-terminal
region (residues 18-45) of PhoS7 attends to the hydropho-
bic a-helical core (al, a2, a3, a4, and a5) by means of the
Val20, Met21, Trp24, Thr26, Val29, Val31, Leu36, Tyr39,
Nle40, and Leud?2 residues (Fig. 1). This region 1s on the
opposite side of 16S rRNA and is exposed on the particle
surface. As the sequence alignment shows (Fig. 2), these
hydrophobic residues are conserved in archaebacteria as
well as in eukaryotic ribosomes. Thus, although the N-ter-
minal region seems to have evolved after the separation of
archaebacteria and eubacteria, the role of this portion may
be similar in the two phylogenies.

16S rRNA-Binding Loop (Loop2)—In the crystal struc-
ture of the 30S subunit, S7 tightly binds to 16S rRNA by a
helix-turn-helix (HTH) between al and a2 with Asn28,
Lys29, Asp33, Lys35 Lys36, Asn37, Argdl, and Gly34 resi-
dues (here the residue numbers are those of TthS7). Most
of these residues are conserved in eubacteria as well as in
PhoS7 (Asn72, Lys73, Asn97, Lys99, and Lys100 in PhoS7).
The structure of this region is also well-superimposed be-
tween eubacterial S7 and PhoS7, suggesting that PhoS7
binds to 16S rRNA similarly by these residues in the HTH.
However, as mentioned above, PhoS7 has an insertion of 20
amino acids (residues 76-95) at the turn region of the HTH
between residues Met31 and Arg32 of TthS7 (Fig. 2). The
sequence of the 16S rRNA at the 3’ major domain 18 highly
conserved, and no major change in the tertiary structure of
RNA is expected. Thus, it is an open question as to where
this inserted chain runs with respect to 16S rRNA.

Although most of the inserted chain (residues 81-97) is
not visible in the present crystal, a superposition of PhoS7
with the 30S subumt of 7. thermophilus shows a plausible
trajectory of this inserted chain (Fig. 3b). Unlike a protein
molecule, the 1nterior of 16S rRNA is not fully packed, and
holes are present within the molecule. The inserted chain
in HTH may pass through the gap surrounded by helices
29, 30, 41, and 43, then return back through another gap
formed at the major groove of helix 41 of 16S rRNA (Fig.
3c) With this inserted chain (residues 81-97), PhoS7
makes more intimate contact with 16S rRNA, making 16
rRNA more stable. This binding model of PhoS7 and 16S
rRNA is also consistent with S7 playing a crucial role in
folding the 3’ major domain of 16S rRNA.

tRNA-Binding Region: f-Arm and C-Terminus—Struc-
tural analysis of independent S7 molecules (8, 9) revealed
that the B-arm region has a large positive electrostatic
potential and a large number of conserved basic and ex-
posed hydrophobic residues. As such, it was first expected
that the concave surface of the f-arm would be one of the
main rRNA-binding sites. However, subsequent analysis by
mutagenesis showed that the replacement of conserved
positive residues or aromatic residues on the concave sur-
face had httle effect on the 16S rRNA binding (22). This
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result, together with the close location of the B-arm to the
tRNA, suggests that the B-arm might be important for the
interaction with tRNA rather than 16S rRNA. Actually, a
previous model-building study based on the S7 structure
and the 16S rRNA model showed that the tip of the B-arm
i close to the tRNA (10). The structural analysis of the 30S
subumt confirmed this hypothesis. The crystal structure of
708 of T. thermophuus also revealed that the B-arm comes
into contact with the Watson-Crick face of the E-tRNA anti-
codon (13) (Fig. 3d). Structural analysis of 70S further
showed that this site blocks the release of E-tRNA (13). S7
with a truncated B-arm is poorly represented in 70S (23).

Inspection of the sequence (Fig. 2) showed that no inser-
tion or deletion is allowed at the B-arm region and that the
residues important to maintaining the pB-arm structure are
conserved, including proline residues at the beginming and
end points of the B-arm (Prol135 and Prol57), and the gly-
cine residue (Gly146) at the turn position. The absence of
the completely conserved residues thought to be necessary
for the RNA-binding at this region and the conservation of
residues important to maintaining the f-arm structure
may suggest that the flexible nature of the B-arm is impor-
tant to its function. Figure 3d shows the superposition of
S7s from the crystal structures analyzed thus far, which
clearly demonstrates the flexible nature of the S7 g-arm.

The B-arm 18 halfway accompamed by the C-terminal
helix a6, which is well-superposed (Fig. 3d). However, as is
the case for the N-terminus, the end of the C-terminus (ap-
proximately seven residues) following the a6 is not ordered
m the crystals of the isolated molecules of eubacterial S7s
(8, 9) The importance of this region has been shown by
mutagenesis studies of E. coli S7, with a mutant having a
short deletion (31 residues) at the C-terminus appearing to
be more detrimental to cell growth than the S7 wild type
(24). In addition, a mutant with a longer deletion including
a6 (47 residues) at the C-terminus assembled into 30S sub-
units, but was found to be very poorly represented in 70S
(23). Interestingly, while the C-terminal residues (and 3,,-
helix) are conserved in eubacteria, they are not present in
S7 of eukaryotes and archaebacteria (Fig. 2). In the eubac-
terial 308 or 708, this portion was shown to form a 3,4-helix
and to come into contact with both the B-arm and riboso-
mal protein S11 (12, 13). Since no interaction with rRNA is
observed in these structures, the C-terminus seems to be
fixed by the interaction with the S11 protein. The absence
of the C-terminal portion of PhoS7 may suggest one of two
possibilities. Compared with TthS7, the B-arm of PhoS7
has different contact and does not need the help of the C-
terminal 3,,-helix site, or an insertion [residues 86-93
(PGGSKSKT)] of ribosomal protein S11 of P horikoshu
may play the role of the C-terminal 3,;-helix.

To consider the role of the B-arm and the C-terminus of
S7 in protein synthesis, several ideas have been proposed.
The importance of this region was first suggested as a gate-
keeper (8). More specifically, the region may help to dissoci-
ate the E-site codon-anticodon (12). Although the actual
role remains to be elucidated, the flexibility of the B-arm
may be important. It may be worth noting that because of
the interaction with the C-terminal a6 (including the 3,,-
helix in the case of eubactena), B-arm movement is limited,
which may be helpful in the directed movement of the
mRNA and tRNA.
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