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The bacterial protein encoded by the gene ychF is 1 of 11 universally conserved GTPases and the only one
whose function is unknown. The crystal structure determination of YchF was sought to help with the functional
assignment of the protein. The YchF protein from Haemophilus influenzae was cloned and expressed, and the
crystal structure was determined at 2.4 A resolution. The polypeptide chain is folded into three domains. The
N-terminal domain has a mononucleotide binding fold typical for the P-loop NTPases. An 80-residue domain
next to it has a pronounced a-helical coiled coil. The C-terminal domain features a six-stranded half-barrel
that curves around an a-helix. The crablike three-domain structure of YchF suggests the binding site for a
double-stranded nucleic acid in the cleft between the domains. The structure of the putative GTP-binding site
is consistent with the postulated guanine specificity of the protein. Fluorescence measurements have demon-
strated the ability of YchF to bind a double-stranded nucleic acid and GTP. Taken together with other
experimental data and genomic analysis, these results suggest that YchF may be part of a nucleoprotein
complex and may function as a GTP-dependent translation factor.

The protein encoded by the gene ychF is 1 of 11 universally
conserved GTPases and the only one whose function is un-
known (7, 19, 24). GTPases are key regulators of protein syn-
thesis, cell cycling and differentiation, and hormone signaling
(4). Despite the functional diversity, all GTPases have the
same core structure and act as molecular switches. The YchF
family is characterized by a remarkably high sequence conser-
vation. For instance, the Escherichia coli and human proteins
are 47% identical. Forty-six residues of approximately 360 are
strictly invariant throughout the family. The YchF sequence
contains the Walker A (41) nucleotide-biding motif GXXXX
GKT/S (where X denotes any amino acid), which defines the
so-called P-loop involved in the binding of phosphates of nu-
cleoside triphosphate (NTP) and the Walker B motif with a
conserved aspartate that binds a water-bridged Mg ion. The
common fold includes a parallel B-sheet flanked by a-helices,
where the P-loop follows the N-terminal (central) B-strand,
and the Walker B motif resides in the adjacent B-strand.

According to the most recent classification of P-loop
NTPases (19), YchF belongs to the TRAFAC class that in-
cludes translation factors (hence the name of the class), Ras-
related GTPases, heterotrimeric G proteins, septins, dynamins,
and motor ATPases such as kinesin and myosin. The members
of the class are characterized by a conserved threonine in the
region between the Walker A and B motifs. This residue binds
the Mg*>* required for NTP hydrolysis. Structurally, the dis-
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tinctive feature of the TRAFAC class is an antiparallel
B-strand next to the Walker B strand. From the functional
point of view, these proteins are typical molecular switches that
change the conformation upon NTP hydrolysis. Two regions
are particularly sensitive to the presence of the y-phosphate,
the loop preceding the antiparallel B-strand (switch I) and the
loop following the Walker B strand (switch II).

The presence of a glycine-rich motif in the switch II region
as well as the conserved motif YXFXTXXXXXG in the switch
I region are distinctive features of the Obg superfamily (19).
Besides the YchF family, it includes four other protein fami-
lies: Obg, DRG, Ygr210, and NOGI. The YchF and Ygr210
families form one branch of the superfamily with the YchF
proteins present in bacteria and eukaryotes and the Ygr210
proteins present in archaea and fungi. The NTPase domains of
all members of the superfamily share significant sequence sim-
ilarity. For instance, YchF and YhbZ (the Obg homolog) from
E. coli are 32% identical over a fragment of 210 residues.
However, the rest of the structure is quite different, as are the
regulatory pathways these proteins are involved in (6).

The specificity of G proteins to guanine is determined by the
conserved NKXD motif, also known as G4 (5), located at the
end of strand B6 (Fig. 1). A peculiar feature of YchF is the lack
of the conserved lysine in this sequence and the replacement of
the aspartate with glutamate. This is a unique exception among
the TRAFAC GTPases which, in the absence of experimental
data, raises questions regarding the nucleotide specificity of
YchF.

The crystal structure of YchF was determined in order to
assist with the functional assignment of the protein. The YchF
protein from Haemophilus influenzae (HI0393 in The Institute
for Genomic Research numbering) was cloned and expressed,
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FIG. 1. Ribbon presentation of the polypeptide fold of YchF. The
a-helical domain is shown in green. Disordered loops are shown in
white. The NTP-binding P-loop is shown in purple. The figure was
produced with Molscript (18) and Raster3D (23).

and the crystal structure was determined at a 2.4-A resolution.
Analysis of the structure and binding experiments suggest that
YchF may be a GTP-dependent nucleic acid-binding protein.

MATERIALS AND METHODS

Expression and purification of YchF. The ychF gene was cloned by PCR, with
the genomic H. influenzae DNA as a template, into the pET15b vector (Novagen)
and expressed in the E. coli strain B834(DE3). The protein was purified on a
Poros HQ50 anion-exchange column and then on an HS20 cation-exchange
column; dialyzed against 50 mM Tris-HCI (pH 7.5), 0.1 mM dithiothreitol, and
0.1 mM EDTA; and concentrated to 15 mg/ml for crystallization. The molecular
mass of 39.6 kDa measured by matrix-assisted laser desorption ionization—mass
spectrometry corresponded to the value calculated from the amino acid se-
quence. The equilibrium sedimentation indicated that the protein is a monomer
in solution (data not shown).

Crystallization and structure determination. YchF crystals were obtained at
room temperature in hanging drops from 0.1 M Bicine (pH 7.5), 0.3 M magne-
sium acetate, and 13% polyethylene glycol 8000. They belong to the space group
P2, with the following cell parameters: a, 61.0; b, 93.6; c, 85.2 A; and 3, 100.1°.
There are two molecules in the asymmetric unit.

X-ray diffraction data from one native crystal (Table 1) were collected at 100°K
on the IMCA-CAT beamline 17-ID at the Advanced Photon Source (Argonne,
Ill.) with a Mar charge-coupled device detector. Heavy atom derivatives were
measured on a Bruker rotating anode generator with a Mar345 image plate
detector. All data were processed with HKL.2000 (30). The structure was solved
by multiple isomorphous replacement with uranium (5 mM UNO; soaked for
1 h) and gold [9 mM KAu(CN), soaked for 1 h] derivatives. A single uranium site
and two gold sites were located by SOLVE (39) and were used in phase refine-
ment with SHARP (10). The atomic model was built by using O (15) and refined
with REFMAC (26) to an R factor of 0.208 for all data in the resolution range
of 10 to 2.4 A (Rye. = 0.247 for 5% data). Crystallographic calculations were
performed with the CCP4 program suite (8). No restraints on the noncrystallo-
graphic symmetry were imposed during refinement. Refinement statistics are
given in Table 1. One residue, Val287 in chain B, has unusual main-chain torsion
angles (¢ = 28.1° ¢ = —110.2°) that correspond to the epsilon region of the
Ramachandran plot. The electron density for this residue is clear and unambig-
uous. Atomic coordinates and structure factors have been deposited in the
Protein Data Bank (2) under the accession code 1JAL.
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Fluorescence measurements. Fluorescence was measured at 25°C with a Fluo-
romax-2 spectrofluorometer (Jobin Yvon). Binding of double-stranded DNA
(dsDNA) was monitored by changes in fluorescence of tryptophan, which was
measured with an excitation wavelength of 280 nm and a maximum emission
spectrum of 346 nm. The reaction mixture contained 100 nM protein, 20 mM
Tris-HCI (pH 7.5), and 50 mM NaCl. The DNA sample used in the experiment
was digested plasmid DNA of about 6,000 bp. DNA was titrated up to the final
concentration of 100 nM (per base pair). As a negative control, fluorescence was
measured at the same concentrations of DNA in the absence of the protein (no
significant fluorescence was detected).

The fluorescence of 2'(3")-0-(2,4,6-trinitrophenyl)GTP (TNP-GTP) (Molec-
ular Probes) was measured with an excitation wavelength of 408 nm and a
maximum emission spectrum of 555 nm. The reaction mixture contained 20 mM
Tris-HCI (pH 7.5), 50 mM NaCl, and other components as indicated in the text.
The titration curve was plotted as an increase in fluorescence with respect to the
protein-free experiment versus the nucleotide concentration by using Kaleida-
graph (Synergy Software).

RESULTS

Overview of the structure. The YchF polypeptide is folded
into three distinct domains (Fig. 1). The N-terminal (G) do-
main has a mononucleotide binding fold typical for the P-loop
NTPases (33). A six-stranded mostly parallel B-sheet is flanked
by a-helices on both sides. The strand order is 2-4-1-5-6-7, with
strand B2 antiparallel to the other strands. A 23-residue loop
following B2 forms part of the C-terminal (C) domain, which
also includes residues 279 to 363. Domain C is dominated by
the mixed B-sheet curved as a half-barrel around helix a12. An
80-residue polypeptide following strand 5 folds into the a-he-
lical (A) domain consisting of two long a-helices (a5 and a6)
and one short a-helix (7). The loops connecting the three
domains (Fig. 1) are not visible in the electron density, sug-
gesting not only the flexibility of the loops but also the mobility
of the corresponding domains.

As a P-loop NTPase, YchF is characterized by the presence
of two conserved sequence motifs involved in the binding of
the phosphates of NTP (Fig. 2). The Walker A sequence
GoXXXXGKS, 4 forms the P-loop between strand 1 and the
following a-helix. The Walker B sequence D,,XXG,5 resides
in the adjacent B-strand, B4, and contains an aspartic acid
(Asp72) usually involved in the coordination of a Mg ion.

TABLE 1. X-ray data and refinement statistics®

Result

10-2.4 (2.46-2.40)
36,325 (2,379)

Parameter (unit)

Resolution (A)
No. of unique reflections

Completeness (%) 99.4 (98.8)
Redundancy 54(5.2)
Ry G —(D)/EI 0.044 (0.242)
<lfo,> 343 (4.4)
Reryst ClIF,| = [FD/ZIF,]) oo 0.208 (0.222)

ree (5% data) 0.247 (0.264)
No. of protein atoms 5,243
No. of water molecules 484
RMSD? in bonds (A) 0.016
RMSD in angles (°) 1.5
Mean B factors (A?) from:

Chain A .. 524

67.9
Wilson plot 55.1

“ Values for the highest-resolution shell are given in parentheses.
> RMSD, RMS deviation.
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FIG. 2. Amino acid sequence of the H. influenzae YchF in one-letter code. Residues conserved in all family members with no more than one
exception are enclosed in boxes. Residues with conservative replacements in two or three family members are in bold letters. Secondary structure

elements calculated with DSSP (16) are indicated above the sequence.

Neither NTP nor Mg is observed in the present structure,
although Mg®" was in the crystallization solution.

The specificity of G proteins to GTP is determined by the
conserved NKXD motif (5) located at the end of strand (6.
This sequence forms part of the GTP recognition site, where
the lysine side chain stacks with the base, the aspartic acid
residue forms a bidentate H bond to the N1 and N2 atoms of
guanine, and the asparagine residue binds to the N7 atom (Fig.
3). The corresponding sequence in YchF is N,,,VNE,,, with
invariant Asn207 and Glu210. YchF has an unusual architec-
ture of the guanine-binding site compared to other GTPases.
Glu210 replaces the canonical aspartate and, together with
Asn207, is positioned to bind the amino groups of guanine.
The invariant Phe107 from another loop (B5) takes the role of
the consensus lysine by providing the stacking interaction with
the base. Thus, although somewhat unusual, the structure of
the recognition site is consistent with the postulated guanine
specificity of YchF.

Nucleotide binding. Attempts to obtain crystal complexes
with GTP or GDP by soaking native crystals and by cocrystal-
lization failed. One possible explanation is that the conforma-
tional changes accompanying the nucleotide binding are incon-
sistent with the present crystal form.

Binding of GTP by YchF was assessed by measuring fluo-
rescence of the nucleotide labeled with TNP. In the absence of
Mg**, the fivefold increase in fluorescence was observed upon
the addition of 10 uM protein to 10 wM nucleotide. Titration
of the nucleotide at a fixed protein concentration produced a
hyperbolic curve that gave a binding constant for TNP-GTP of
about 5 pM (Fig. 4).

To demonstrate the binding of the labeled nucleotide in the
NTP site, competition experiments were performed with GTP
and TNP-GTP. The protein concentration was 2.5 uM, GTP
was added first, and TNP-GTP was titrated to the protein-GTP
complex. In the control experiment, no GTP was added to the
protein (Fig. 4). GTP at a concentration of 2.5 uM did not
prevent binding of TNP-GTP. However, the excess of GTP

(20 wM) inhibited binding of TNP-GTP. In the similar exper-
iments with a reversed order of nucleotide binding (TNP-GTP
first, then GTP), no nucleotide exchange was detected, even
with a 100-fold excess of GTP (1 .M TNP-GTP and up to 100
pM GTP). These experiments demonstrate that TNP-GTP
and GTP compete for the same binding site, although the
labeled nucleotide has a much higher affinity.

The effect of Mg®" on the nucleotide binding was monitored
in a separate experiment (Fig. 5). First, the complex with
TNP-GTP was formed in the absence of Mg®", which was
visualized as an increase in fluorescence (Fig. 5, curve 2). Then
Mg>* was added to the reaction mixture, which caused an
immediate quenching of fluorescence (Fig. 5, curve 3). We
attribute the effect of the inhibition of nucleotide binding to
the excess of Mg?™" rather than to the hydrolysis and release of
the product by YchF. Inhibition of GTP binding at millimolar
Mg concentrations is typical for most of the G proteins (14,
22, 25, 36), though not for all of them. For instance, the
Caulobacter crescentus CgtA protein, a member of the Obg
family, shows a 60-fold increase in affinity to GTP (1.2 versus
65 uM) in the range of 5 to 15 mM Mg>" and a decrease at
higher concentrations of Mg?* (20).

Nucleic acid binding. The crablike three-domain structure
of YchF, with the A and C domains forming claws, suggests the
binding site for a double-stranded nucleic acid in the cleft
between the domains. The idea is supported by the clustering
of positively charged residues at the inner surfaces of domains
A and C (Fig. 6). Helix a7 of domain A and helix al2 of
domain C, which face each other, are likely to be key elements
of nucleic acid binding. The distance between them as mea-
sured between Ca atoms of GIn189 and Lys303 is 20.4 A,
which is about the size of the nucleic acid duplex.

The ability of YchF to bind nucleic acids was estimated by
measuring changes in the fluorescence of tryptophan upon
addition of dsDNA. There are two tryptophan residues in
YchF, and one of them, Trp293, is located at the putative
nucleic acid-binding site. Its environment is expected to change
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Phe107

Glu210

FIG. 3. Guanine recognition site in Ras (Protein Data Bank entry
121P), a typical G protein (a), and YchF (b). GTP is shown in purple,
as observed in Ras and as modeled in YchF. The lysine residue of the
consensus sequence NKXD (Lys117 in Ras) is spatially replaced with
Phel07 in YchF.

upon binding nucleic acid, which would result in the change in
fluorescence. The experiment was performed with a digested
plasmid DNA as a substrate. Upon addition of dsDNA to the
protein sample, fluorescence decreased by about 50% (Fig. 7),
indicating changes in the tryptophan environment.

DISCUSSION

Although the overall architecture of YchF has no analogues
in the Protein Data Bank, each of the domains has topological
matches in the protein universe. A helical coiled coil resembles
that observed in the transcript cleavage factor GreA (38) and
in seryl-tRNA synthetase (SerRS) (3). In both proteins, the
coiled-coil domain is involved in binding RNA substrates.
GreA contacts the 3’ end of the transcript attached to RNA
polymerase with the tip of the coiled-coil finger. The helical
arm of SerRS is in contact with the TWC and D loops and the
variable stem of tRNAS®",

Domain C has a topology typical for the ubiquitinlike super-
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FIG. 4. Fluorescence of TNP-GTP in the absence and presence of
GTP. The protein was present at a concentration of 2.5 uM. The
increase in the fluorescence intensity of TNP-GTP with respect to that
in the protein-free solution is plotted over the TNP-GTP concentra-
tion. The fluorescence intensity was recorded at 25°C at a wavelength
of 555 nm, and the excitation wavelength was 408 nm.

family of a+p proteins (SCOP) (27). Besides ubiquitin-related
proteins, the family includes Ras-binding domains of different
effectors and, most notably, the N-terminal domain of threo-
nyl-tRNA synthetase (ThrRS) (32). The similarity of the latter
to YchF is striking: the root mean square (RMS) deviation of
62 common Ca atoms is only 2.0 A. The domain is not involved
in the binding of the cognate tRNA™", and its function re-

50
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FIG. 5. Fluorescence spectra of TNP-GTP in the absence and pres-
ence of YchF and Mg“. Line 1, 2.5 uM TNP-GTP; line 2, 2.5 pM
TNP-GTP plus 2.5 pM YchF; line 3, 2.5 uM TNP-GTP plus 2.5 puM
YchF plus 2 mM Mg?*. The emission spectrum was recorded at 25°C,
and the excitation wavelength was 408 nm.
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FIG. 6. Electrostatic surface potential calculated with GRASP (28).
Positive charges are blue, and negative charges are red. The orienta-
tion of the molecule is as shown in Fig. 1.

mains unknown. At the sequence level, the N-terminal domain
of ThrRS represents the conservative TGS domain (PF02824
in the Pfam database) (1), which was also found in guanosine
polyphosphatase SpoT and some GTPases (42).

Thus, both domains A and C appear to be related to RNA-
binding proteins, and their presence in YchF suggests a similar
feature for this protein. The ability of YchF to bind dsDNA
further supports the contention that some nucleic acid may be
a natural substrate for YchF. The putative nucleic acid-binding
surface of YchF may not be limited to helices o7 and «l2,
which are positioned to embrace the nucleic acid duplex. The
extended binding surface of domain C may include His309 and
Asp311 adjacent to helix a7 and a cluster of polar residues
Arg318, Glu320, Lys337, Glu338, and Arg360 on the outer
surface of the domain. Most of these residues are conserved.
All together, they form a continuous patch on the domain
surface, suggesting a possibility that nucleic acid winds around
the C domain. Given the small size of the domain, it would
require a sharp bending of the nucleic acid, which is unlikely
for linear dsDNA but possible for the loopy structure of RNA.

Domain G has all the features of the GTP-dependent mo-
lecular switches (4, 34). These proteins exist in two major
conformations, and the switch between them depends on the
GTP-GDP exchange. Two regions adjacent to the nucleotide
site transmit the signal between the active center and periphery
of the protein. The switch I region includes strand B2 and the
preceding loop. A threonine residue (Thr36 in YchF) at the tip
of the loop binds the y-phosphate of GTP and Mg>* and
moves away from the active site upon GTP hydrolysis (the
switch I region is completely disordered in the present nucle-
otide-free structure). A glycine residue (Gly75 in YchF) of the
Walker B motif is a key element of switch II. Located at the
end of the B-strand, it binds the y-phosphate and promotes a
conformational rearrangement of the following loop upon
GTP hydrolysis. Glycine is conserved in this position to main-
tain the restrained conformation of the chain (d/ = 134/160°
in YchF). The following glycine-rich loop forms a short a-helix
(a3). The high level of sequence conservation of both switch
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regions in the YchF family (Fig. 2) indicates their functional
importance, which is likely related to the regulatory function
typical for G proteins.

Ras-like G proteins are characterized by a relatively low
intrinsic rate of GTP hydrolysis (37). Structural and mutagen-
esis studies on the H-ras p21 protein have suggested a key role
of GIn6l in activating a water molecule for a nucleophilic
attack on the y-phosphate of GTP (31). It was also noted that
the Q61E mutant of H-ras p21 had a 20-fold-greater rate of
GTP hydrolysis than the wild-type protein, whereas the substi-
tution of GIn61 by other amino acids reduced the GTPase rate
(11, 12). GIn61 immediately follows the Walker B motif in p21.
While GIn61 is conserved in the ras-like G proteins, this posi-
tion is occupied by a histidine residue in elongation factors
(which is in accord with their lower GTPase activities) and by
hydrophobic residues in the other members of the TRAFAC
class (19), suggesting that they lack an efficient catalytic ma-
chinery for GTP hydrolysis. With the highly conserved leucine
residue (Leu76) in this position, the YchF structure does not
indicate any alternative residue that may act as a general base
in catalysis. It seems likely that YchF and other members of the
family are not GTPases but rather sensors of the relative levels
of GTP and GDP.

The putative nucleic acid-binding domains A and C are in
direct contact with the switch regions of domain G, so that the
conformational changes upon GTP-GDP transition may be
transmitted to the nucleic acid site and regulate the nucleic
acid-binding ability of the protein. The 23-residue loop pro-
truding from domain G (residues 45 to 67) is part of domain C
and is also closely associated with the switch I region. The
coiled coil of domain A is in contact with the glycine-rich helix
a3, which is part of switch II. The long helical structure of
domain A implies a lever-like mechanism of conformational
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FIG. 7. Quenching of fluorescence of tryptophan upon addition of
dsDNA to the YchF protein. The protein concentration was 100 nM.
Line 1, no dsDNA; line 2, 50 nM (per base pair) dsDNA; line 3, 100
nM (per base pair) dsDNA.
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changes associated with nucleic acid binding. The involvement
of the coiled coil in the binding a nucleic acid is expected due
to a number of conserved basic residues at the tip of the
a-hairpin.

Based on the analysis of the sequences, YchF has been
assigned to the Obg superfamily, which includes four other
families of GTPases (19). Obg is an essential gene that is
involved in DNA replication in C. crescentus (21) and Strepto-
myces griseus (29) and is associated with the ribosome (35).
Several members of the superfamily, including YchF, possess
the TGS domain related to the RNA-binding proteins (42).
These observations, taken together with the universal phyletic
distribution of the proteins, allowed Leipe and coauthors to
suggest that these proteins may be uncharacterized translation
factors (19).

Another indication that YchF is involved in translation
comes from the genome-scale project aimed at the character-
ization of multiprotein complexes in Saccharomyces cerevisiae
(13). By using tandem-affinity purification (TAP), it was shown
that the yeast homolog of YchF, YBR025c, interacts with the
components of the multisubunit translation elongation factor
eEF1.

Furthermore, a relation of YchF to ribosomal proteins can
be deduced from the analysis of the gene expression in E. coli
under conditions of genotoxic stress. YchF appears to be
among the genes downregulated in response to the DNA dam-
age (17). Changes in gene expression after treatment of E. coli
culture with mitomycin C were assessed with DNA array tech-
nology. The expression profile of ychF in these experiments
correlates with the genes related to protein biosynthesis, in-
cluding those coding for ribosomal proteins, which are also
downregulated.

Finally, in many bacterial genomes including both gram-
negative and gram-positive species, ychF is located next to the
pth gene, which codes for peptidyl-tRNA hydrolase. This pro-
tein ensures the recycling of peptidyl-tRNAs produced through
abortion of translation. The phylogenetic pattern of pth is
similar to that of ychF, suggesting that the proteins may be
functionally related. Northern blot experiments showed that
both pth and ychF are cotranscribed in a bicistronic transcript
).

The exceptionally high level of amino acid conservation typ-
ical for ribosomal proteins suggests a key role for YchF in the
cell. Most of the conserved residues are implicated in binding
GTP and nucleic acid as discussed above. On the other hand,
the amino acid conservation in the YchF family extends far
beyond the GTP-binding motifs and is not limited to the pu-
tative nucleic acid-binding site. Of particular interest is the
cluster of acidic residues in the fragment containing residues
241 to 258. These residues form a negatively charged surface
centered on helix «10 in the G domain. Although most of them
are not strictly conserved, the overall negative charge of the
surface is preserved. The surface may be involved in interac-
tions with other components of the putative ribonucleoprotein
complex. One possibility is that helix a10 mimics a nucleic acid
duplex and thus competes for a binding site on an effector
protein. An example of such a molecular mimicry is a C-
terminal a-helix in Dinl, a negative regulator of the SOS re-
sponse in E. coli (40). By competing for the DNA-binding site
of RecA, Dinl interferes with the activation of RecA.

J. BACTERIOL.

The crystal structure of the YchF homolog from yeast has
been recently solved by Lima and coworkers (Protein Data
Bank entry 1NI3). The two structures are very similar and can
be superimposed with the RMS deviation of 2.3 A over 306
common Ca atoms. The similarity is particularly strong in the
TGS (C-terminal) domains, the RMS deviation for which is
only 0.8 A. The largest deviation between the structures, up to
15 A for the equivalent Ca atoms, is in the switch II region.
This glycine-rich fragment forms a helix (a3) in the E. coli
protein, whereas in the yeast protein it lacks any secondary
structure. Although the difference may be partly due to crystal
contacts that involve this fragment in the yeast structure, it
indicates the conformational flexibility of switch II, which is
well documented for other G proteins. In spite of different
crystallographic environments, both structures reveal the
switch I region and the linker between domains G and A as the
most mobile parts of the protein molecule, as can be judged
from their high atomic B factors. Apparently, the flexibility of
these functionally important parts of the molecule is an intrin-
sic feature of the protein rather than a crystallographic artifact.

The crystal structure of YchF is the first three-dimensional
structure obtained for a protein family widely represented in
all forms of life. Analysis of the structure and available exper-
imental data support the contention that YchF may function as
a GTP-dependent nucleic acid-binding protein. Its involve-
ment in translation is a distinct possibility. These results pro-
vide a basis for further studies of this undoubtedly important
protein family.
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