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The target of rapamycin (TOR) complex 1 (TORC1) is a
central cell growth regulator in response to a wide array of
signals. The Rag GTPases play an essential role in relaying
amino acid signals to TORC1 activation through direct
interaction with raptor and recruitment of the TORC1
complex to lysosomes. Here we present the crystal struc-
ture of the Gtrlp-Gtr2p complex, the Rag homologs from
Saccharomyces cerevisiae, at 2.8 A resolution. The hetero-
dimeric GTPases reveal a pseudo-twofold symmetric or-
ganization. Structure-guided functional analyses of RagA—
RagC, the human homologs of Gtrlp-Gtr2p, show that
both G domains (N-terminal GTPase domains) and di-
merization are important for raptor binding. In particular,
the switch regions of the G domain in RagA are indis-
pensible for interaction with raptor, and hence TORC1
activation. The dimerized C-terminal domains of RagA-
RagC display a remarkable structural similarity to MP1/
pl4, which is in a complex with lysosome membrane pro-
tein p18, and directly interact with p18, therefore recruit-
ing mTORC]1 to the lysosome for activation by Rheb.
Our results reveal a structural model for the mechanism
of the Rag GTPases in TORCI1 activation and amino acid
signaling.

Supplemental material is available for this article.
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The mammalian target of rapamycin (mTOR) is an atyp-
ical protein kinase related to ATM and the DNA-PK
subfamily. TOR is highly conserved from yeast to mam-
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mals and forms two distinct functional complexes: TOC
complex 1 (TORC1) and TORC2. mTORCI is a central
cell growth regulator that integrates a wide range of growth
stimulatory and inhibitory signals to regulate cell growth
(Wullschleger et al. 2006). Key substrates of mTORCI1
include S6K and 4EBP1; therefore, mTORCI1 activation
promotes cell growth by stimulating translation. In addi-
tion, mTORCI1 plays a critical role in inhibiting catabolic
processes, such as autophagy. mTORCI1 inhibits autophagy
at least in part by phosphorylating and inhibiting the
autophagy-initiating kinase ULK1. Uncontrolled TORC1
activation has been observed in human diseases such as
cancer (Inoki et al. 2005; Guertin and Sabatini 2007), in-
dicating an important role of tight mTORCI regulation
under physiological conditions. Rapamycin is a specific
TORCI inhibitor, and its analogs are being used for cancer
treatment and immunosuppression.

Growth factors act through PI3K, Akt, TSC1/TSC2,
and Rheb to stimulate TORC1 (Wullschleger et al. 2006).
In addition to growth factors, mTORCI activation re-
quires energy sufficiency (high ATP levels) and nutrients
(amino acids). The AMP-dependent protein kinase AMPK
plays a critical role in mTORCI inhibition in response to
cellular energy stress. Amino acids are one of the most
important signals for mTORCI activation. In the absence
of amino acids, neither growth factors nor glucose (as a
source of energy) can efficiently activate mTORCI. It has
been shown that the Rag GTPases, which are distantly
related to Ras (Kim et al. 2008; Sancak et al. 2008), play an
essential role in TORCI activation in response to amino
acid signals. The requirement of amino acids for TORC1
activation and the involvement of Rag GTPases in amino
acid signaling are highly conserved in all eukaryotes. For
example, the Saccharomyces cerevisiae Gtrl and Gtr2,
which correspond to human RagA/RagB and RagC/RagD
(Binda et al. 2009), respectively, also relay amino acid
sufficiency to TORCI] activation in yeast.

Rag GTPases are unique in that they form heterodimers,
as RagA or RagB dimerizes with RagC or RagD (Sekiguchi
et al. 2001). Similarly, the yeast Gtrl forms a heterodimer
with Gtr2. Another unique property of the Rag GTPases is
that the two Rag GTPases in the heterodimer bind guanine
nucleotides in an apposing manner; i.e., one subunit binds
GTP, and the other binds GDP. Only when RagA or RagB
exist in the GTP-bound form, the heterodimer is active to
stimulate TORCI1 through a direct interaction with raptor
(Kim et al. 2008; Sancak et al. 2008). Consistently, addition
of amino acids promotes GTP binding of RagA or RagB in
the heterodimer. Recently, it has been proposed that the
Rag GTPases mainly function to recruit mTORCI to lyso-
some, where mTORCI can be activated by the lysosomal-
localized Rheb. Once recruited to the lysosomes by the
Rag GTPases, TORCI is activated by the Rheb GTPase,
another Ras family member (Kim et al. 2008; Sancak et al.
2008). The lysosomal localization of Rag is mediated by
a direct interaction with the lysosomal membrane protein
pl8 and its associated protein, pl4/MP1 (Sancak et al.
2010.

Recent studies have established an essential role of Rag
GTPases in amino acid signaling; however, the molecular
mechanism of Rag GTPases in mTORCI activation is
largely unknown. In this study, we report the three-
dimensional structure of the Gtrlp-Gtr2p complex. Our
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Structure of the Rag GTPase GTR1-GTR2 complex

structure—function studies have revealed new molecular resolution (Fig. 1A; Supplemental Fig. S2). The statistics for
insights into the molecular basis of mMTORCI regulation the structure determination are summarized in Supple-
by Rag GTPases through interaction with Raptor and the mental Table S1. Gtrlp and Gtr2p form a very stable
lysosomal protein p18. heterodimer in solution, which was copurified from Escher-

ichia coli (Supplemental Fig. S3). The two proteins used for
crystallization were both GTP-bound forms, through in-
corporation of GMPPNP, a nonhydrolyzable GTP analog
commonly used in structure studies.

As shown in Figure 1A, both Gtrlp and Gtr2p com-
prise two domains: an N-terminal GTPase domain and a

Results and Discussion

Overall structure of Gtrlp-Gtr2p, the yeast homolog
of RagA-RagC

Previous studies have shown that the function of Rag C-terminal domain (designated as the G domain and CTD,
GTPase complexes are highly conserved across species respectively). Consistent with their sequence homology,
from yeast to humans (Bun-Ya et al. 1992; Schurmann Gtrlp and Gtr2p adopt a similar fold, with a root-mean-
et al. 1995; Hirose et al. 1998; Nakashima et al. 1999; squared deviation (RMSD) of 3.92 A for 216 aligned Ca
Sekiguchi et al. 2001; Dubouloz et al. 2005; Binda et al. atoms and, if corresponding domains are superimposed
2009). The three-dimensional structures are also predicted individually, 1.88 A for 171 Co atoms of the G domains and
to be conserved from yeast to humans, with the primary 2.68 A for 99 Ca atoms of the CTDs (Supplemental Fig. S4).
sequence identity of 49% for RagA/Gtrlp and 43% for The Gtrlp-Gtr2p heterodimer adopts a pseudo-twofold

RagC/Gtr2p (similarity of 75% for RagA/Gtrlp and 76% symmetry and resembles a U-shaped horseshoe. The two
for RagC/Gtr2p) (Supplemental Fig. S1). To understand the G domains of Gtrlp-Gtr2p are located on the same side of

mechanism of Rag GTPase-mediated TORCI activation, the complex, with the corresponding surfaces of two G
we sought to determine the structure of Rag GTPases from domains facing opposite directions (Fig. 1A; Supplemental
yeast to mammals. After numerous trials, we succeeded Fig. S5). Interestingly, different from dimerization of G
in crystallizing the Gtrlp-Gtr2p complex, the yeast homo- domains in the reported structures (Focia et al. 2004; Low

log of RagA-RagC, and the final model was refined to 2.8 A et al. 2009; Chappie et al. 2010; Gao et al. 2010}, no direct
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Figure 1. Overall structure of the Gtrlp-Gtr2p. (A) Overall structure of the Gtrlp-Gtr2p complex as a ribbon representation in two different
views. G domains of Gtrlp and Gtr2p bound to GMPPNP are colored in blue and red, respectively, and CTDs are colored in green and orange,
respectively. GMPPNP is shown as a ball-and-stick representation, and magnesium atoms are shown as black balls. (B,C) Dimerization is
required for RagA-RagC to interact with raptor. Different RagA and RagC constructs were cotransfected with raptor into HEK293 cells. Protein
interaction was determined by coimmunoprecipitation. RagAQL and RagCSN are mutants restricted to RagAS™ (Q66L) and RagCPY(S75N),
respectively. (A-N) G domain of RagA; (C-N) G domain of RagC; (IP) immunoprecipitation; (WB) Western blot. (D) The G domain of RagC is
required to promote the interaction between RagA and raptor. (CSN) RagCSN (RagCSP?); (C-C) CTD of RagC. (E) The CTD of RagA is required
for both basal and RagC-enhanced activity to stimulate TORC1. TORC1 activity was indirectly measured by the level of S6K phosphorylation.
RagA and RagC constructs were cotransfected with HA-S6K into HEK293 cells. For amino acid starvation, cells were starved for amino acids for
1 h before harvesting. Amino acid starvation is denoted as AA™. Sample cultured in complete medium is denoted as AA*. Phosphorylation and
protein levels were determined by immunoblotting with the indicated antibodies.
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interaction was found between the two G domains in the
Gtrlp-Gtr2p heterodimer structure. The dimerization is
mediated by CTDs of both proteins, and the dimer in-
terface is far away from the nucleotide pocket (Fig. 1A).
The Gtrlp-Gtr2p heterodimer represents a new architec-
ture among all GTPase structures.

In each monomer, the G domain forms extensive in-
teractions with the CTD, with buried surfaces (G domain
and CTD) of 882.2 A? for Gtrlp and 878.2 A2 for Gtr2p,
respectively. In the Gtrlp© ™ -Gtr2p©T? heterodimer struc-
ture, with these intramolecular interactions and extensive
interaction between two CTDs (buried surface of 1259 A?),
the Gtrlp-Gtr2p complex adopts a rigid conformation and
the two G domains adopt fixed orientation to each other.
Nucleotide exchanges in G domains may not change the
overall conformation of the complex because the switch
regions are far away from both dimer and intramolecular
interfaces (Supplemental Fig. S6). Thus, the Gtrlp-Gtr2p
heterodimer may keep a rigid overall fold and undergo
conformational changes mainly on switch regions upon
nucleotide exchanges, through which they recognize rap-
tor and activate mTORCI.

Both G domains are required for raptor interaction

Previous studies showed that the function of Rag/Gtr is
highly conserved between yeast and mammals, and the
interaction of Rag with raptor in mammalian cells and Gtr
with Kogl in yeast is also conserved (Bun-Ya et al. 1992;
Schurmann et al. 1995; Hirose et al. 1998; Nakashima
et al. 1999; Sekiguchi et al. 2001; Dubouloz et al. 2005).
Compared with yeast TORC1, more extensive biochemi-
cal studies have been reported based on human mTORC1
and the Rag complexes (Kim et al. 2008; Sancak et al. 2008,
2010); thus, we used the human RagA-RagC complex to
investigate their function in TORCI binding and activa-
tion, guided by structure analyses of the Gtrlp-Gtr2p
complex and highly conserved primary sequences (Supple-
mental Fig. S1). Previous studies have shown a direct
interaction between RagA/C and raptor, which was con-
firmed by our in vitro pull-down assays using purified
RagA/C and raptor proteins (Supplemental Fig. S7). Coim-
munoprecipitation with raptor and Western blotting for
S6K phosphorylation were performed to test the ability of
Rag in raptor binding and TORCI activation, respectively.
RagA/C(N)and Ra%AéC(C) denote the G domain and CTD,
respectively. RagA®™ and RagC T are mutants restricted
to GTP-bound and GDP-bound, respectively.

We first examined whether both G domains are required
for proper function of Rag GTPases. RagAST"_RagCSP?
showed strong interaction with raptor, whereas
RagA(N)STP_RagCSP? and RagAST"—RagC(N|P* showed
little interaction with raptor (Fig. 1B,C). Moreover, ex-
pression of RagC_I[(C) did not enhance the weak interaction
between RagAS™" and raptor (Fig. 1D). Consistent with
these data, RagA(N|S™ could not activate TORCI in the
absence of amino acids (Fig. 1E). These results indicate
that both the G domains of RagA and RagC and dimer-
ization are important for raptor binding and mTORCI1
activation.

Although the Gtrlp-Gtr2p heterodimer adopts a pseudo-
twofold symmetry and both G domains adopt a similar
fold, structure comparison shows that the surface fea-
tures of the G domains from Gtrlp and Gtr2p are rather
different. For example, the surface region close to switch I
and II of the Gtrlp G domain is more hydrophobic than
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that of Gtr2p, which is more acidic. Gtr2p and RagC share
a similar electrostatic potential distribution in the switch
regions of their respective G domains (Supplemental Fig.
S8). Together with the finding that both G domains are
required for raptor binding, these analyses suggest that
Gtrlp/RagA and Gtr2p/RagC may contribute differently
to raptor interaction, and together provide the specificity
for raptor recognition.

RagA surface for raptor recognition

Next, we mapped the binding interface between raptor
and Rag GTPases using coimmunoprecipitation. We first
tested whether both G domains are equally important for
raptor interaction. As shown in Figure 2A, wild-type RagA,
together with either GTP-bound, GDP-bound, or the T90A/
L93A/T96A mutant of RagC, strongly bound raptor, while
GDP-bound RagA could not. These results indicate that the
interaction with raptor was mainly determined by the
nucleotide loading status of RagA, although the nucleo-
tide-binding status of RagC modestly influenced the ability
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Figure 2. Mapping the raptor-interacting surface on RagA. (A) RagA
plays a major role in raptor binding. The interaction between raptor
and cotransfected RagA or RagC was examined by coimmunoprecip-
itation. 3A is the T90A/L93A/T96A mutation of RagC, in which
mutations of the corresponding residues in Ras have been shown to
abolish the effector binding. (B) G domain of Gtrlp is shown in
a ribbon representation (left panel) and a surface representation
(right panel). Corresponding residues involved in composite RagA
mutations (M1-M4) are indicated with a stick representation and are
colored in green, and residues mutated in M5-M13 are colored in
cyan on the surface, as shown in Supplemental Figure S1 and
Supplemental Table S2. All mutants were generated based on
RagAQL(RagAS™™). (C) The regions close to switch I and II in the
RagA G domain are important for raptor interaction. Interaction
between raptor and cotransfected RagA mutants was examined by
coimmunoprecipitation. (D) The raptor interaction-defective RagA
mutants cannot activate TORC1. RagA mutants were cotransfected
with HA-S6K into HEK293 cells, and phosphorylation of HA-S6K in
the absence of amino acids (indicating the activity of RagA) was
determined.



of the RagA/C heterodimer to bind raptor. This observation
is consistent with previous studies, which have shown that
the GTP-bound RagA or RagB interacts with raptor and
activates TORC1 when in complex with RagC or RagD; in
contrast, the Rag dimer cannot bind mTORC]1 if RagA is in
the GDP form regardless of the nucleotide-binding status of
the associated RagC or RagD (Kim et al. 2008; Sancak et al.
2008). These results suggest that RagA/B play a major role
in raptor interaction. Thus, we focus on the RagA G
domain to investigate the raptor recognition.

Based on the structural information of Gtrlp, 13 com-
posite mutations were made in RagA-QL, which is a GTP-
bound mutant, in order to map the raptor-interacting
surface. The involved residues represent small patches of
alanine substitutions on the surface area of the RagA G
domain (Fig. 2B; Supplemental Table S2). Among the 13
mutants, four (M1-M4) abolished interaction with raptor
and lost the ability to activate TORC]1 (Fig. 2C,D). Notably,
the four mutations are close to the P loop, switch I, and
switch II regions. The above data indicate that the surface
area (al, a2 and B2, B3) of the RagA G domain is important
for raptor binding and TORCI activation. This observation
is consistent with a notion that nucleotide exchanges alter

A
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Structure of the Rag GTPase GTR1-GTR2 complex

the surface feature of switch I and II, and thus regulate
raptor binding affinity.

Dimerized CTDs of the Rag complexes are required
for function

In the structure of Gtrlp-Gtr2p, the CTDs of both proteins
contain a central five-stranded anti-parallel § sheet, sand-
wiched by a long helix on one side of the G domains and two
helices on the other side. Gtrlp and Gtr2p form a hetero-
dimer through an edge-to-edge (B9-B9) arrangement of their
B sheets (Supplemental Fig. S2). The dimerized CTDs form
a compact three-layered structure, with a 10-stranded anti-
parallel g sheet sandwiched by two a helices on the concave
face and four o helices on the convex face (Fig. 1A; Sup-
plemental Fig. S2). The dimerization is mediated by a net-
work of hydrogen bonds and hydrophobic interactions, and
the residues involved in dimerization are highly conserved
from yeast to mammals (Fig. 3A,B). Intriguingly, in dimer-
ized CTDs, Gtr2p a8 interacts with a8 and four g strands of
Gtrlp, whereas a8 of Gtrlp only interacts with a8 and two
B strands of Gtr2p. Structure analyses of Gtr1p-Gtr2p inter-
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Figure 3. Mapping the dimerization critical residues. (A) Detailed interaction of Gtrlp-Gtr2p CTDs. Residues involved in hydrogen bond
formation are connected with a dashed line directly, and hydrophobic interactions are linked by the central boxes with the detailed interactions
shown. Critical residues for dimer formation are indicated as black stars. (B) Sequence alignment of critical regions for dimer formation in the
CTDs of Rag GTPases. Composite RagA and RagC mutations are indicated above the sequence and are summarized in Supplemental Table S3.
(C) The a8 and B9 of RagC are critical for dimer formation with RagA. Different RagA or RagC mutants were cotransfected as indicated. The
interaction was determined by coimmunoprecipitation and Western blot. (SE) Short exposure; (LE) long exposure; (AWT) wild-type RagA; (CWT)
wild-type RagC; [AWT(low]|| transfection of 100 ng of DNA; [AWT(high)] transfection of 200 ng of DNA.
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action show that more residues in Gtrlp than Gtr2p are
involved in dimer formation, suggesting a lower contribu-
tion of individual residues in Gtrlp/RagA than Gtr2p/RagC
for dimer formation (Supplemental Fig. S9).

Since the CTDs’ dimerization is important for the
function of Rag GTPases in TORC] activation, we studied
the interaction between the two CTDs. To determine res-
idues critical for dimerization, we generated mutations in
RagA and RagC based on the Gtrlp-Gtr2p structure and se-
quence alignment (Fig. 3B; Supplemental Table S3). Three
mutations (M-C1, M-C2, and M-C4) of RagC abolished the
interaction with RagA (Fig. 3C). In contrast, similar muta-
tions in RagA did not abolish the interaction with RagC
(Fig. 3C), consistent with previous structure analyses (Sup-
plemental Fig. S9).

A Dali search with the Gtr1p-Gtr2p structure indicates
that p14/MP1 adopt folds similar to the dimerized CTDs
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Figure 4. The CTDs of Rag GTPases share similar structures with
pl4/MP1 and are responsible for pl8 interaction and lysosomal
localization. (A) Structure comparison of Gtrlp-Gtr2p CTDs and
the pl4/MP1 complex. The structures are shown in a ribbon repre-
sentation, and Gtrlp and Gtr2p CTDs are colored green and orange,
respectively, while pl4 and MP1 are colored pink and light blue,
respectively. (B) The CTD dimer of RagA-RagC interacts with pl8.
RagA and RagC constructs were cotransfected with the p18 construct
and the protein interaction was determined by coimmunoprecipita-
tion. (C) The CTDs of RagA and RagC are necessary and sufficient for
lysosomal localization. Different deletion mutants were transfected
in 293 cells. The transfected Flag-RagA or HA-RagC was stained (red)
along with DNA (blue) and lysosomal marker LAMP2 (green). (D)
Working model of Rag GTPases in TORCI activation. In the cartoon,
the Rag CTDs interact with p18 and p14/MP1 to target the GTPases
to lysosomes. The G domains of Rag associate with raptor, thus
recruiting TORC1 to lysosomes for activation.
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of Gtrlp-Gtr2p (Fig. 4A; Supplemental Fig. S9; Kurzbauer
et al. 2004; Lunin et al. 2004). This is a rather surprising
finding because these proteins do not share sequence ho-
mology. Interestingly, p14/MP1 are essential for lysosomal
localization of RagB-RagD and form a complex with p18,
which also binds with Rag GTPases (Sancak et al. 2010).
However, surface feature differences between the two
complexes suggest that they may not interact with p18
in a similar region. Notably, Ego3p, which was identified
to interact with Gtrlp-Gtr2p and form an EGO complex,
adopts a similar fold to p14/MP1 and was thought to be a
potential p14/MP1 functional homolog in yeast, suggest-
ing a conserved mechanism for Rag GTPase localization
(Gao and Kaiser 2006; Kogan et al. 2010). Why p14/MP1
adopts a similar fold to the CTDs of Rag GTPases and how
pl4/MP1 is involved in Rag GTPase-mediated TORC1
activation need to be further investigated.

It has been shown that pl8, together with pl14/MP1,
interacts with and recruits Rag GTPases to the lysosomal
membrane (Sancak et al. 2010). We next studied which
regions of Rag GTPase directly interact with pl8. The
coimmunoprecipitation results show that both CTDs are
required for interaction with p18, and dimerization of Rag
CTDs is necessary and sufficient for binding to p18 (Fig.
4B; Supplemental Fig. S11A,B). Consistent with the pro-
tein interaction results, immunofluorescence experiments
showed that the CTDs of both RagA and RagC are nec-
essary and sufficient for colocalization with the lysosomal
marker LAMP2 (Fig. 4C). These data indicate that the
localization of Rag GTPases is mediated by the interaction
with p18 through their dimerized CTDs, which is consis-
tent with the notion that the nucleotide loading status of
Rag GTPases does not affect their cellular localization
(Sancak et al. 2010).

This study presents the three-dimensional structure of
Rag GTPase heterodimers and the structural basis of Rag
GTPase-mediated raptor recognition and p18 association.
Based on our data, we propose a working model for Rag
GTPases in TORCI recruitment and activation. In this
model, the CTDs of Rag GTPase interact with p18, which
is permanently anchored to the lysosomal surface (Fig. 4D).
pl4/MP1 may facilitate the interaction between p18 and
Rag GTPases in an unknown mechanism. In a manner de-
pending on GTP-binding status, the Rag heterodimer in-
teracts with raptor mainly via the surfaces close to switch I
and II on RagA, although RagC is also required. Through
these interactions, the TORC1 complex is recruited to a
lysosomal compartment where it is activated, presumably
by the lysosome-localized Rheb. Our results provide struc-
tural insights into how the Rag GTPases recruit TORCI to
the p18 regulator complex, and thus activation of TORC1
by amino acids. Interestingly, the two pl8-interacting
complexes, the Gtrlp-Gtr2p CTD domains and pl14/MP1,
share remarkably similar three-dimensional structures.
The function of the RagC/D G domain also needs to be
further investigated. Although the G domain of RagC/D
plays a minor role in raptor interaction, the nucleotide
loading status still regulates the binding affinity. One
possibility is that raptor mainly interacts with the RagA
G domain, and the GDP-bound RagC G domain may
facilitate the interaction and thus provide specific recogni-
tion and regulation. A key remaining issue is the activation/
nucleotide exchange of Rag GTPases in response to the
amino acid signal. Notably, VAM6, also known as VPS39,
has been suggested as a guanine nucleotide exchange factor



for Gtrlp in yeast (Binda et al. 2009). Future study of amino
acids in regulating nucleotide exchange of Rag GTPases will
shed new light on this important signaling pathway in cell
growth regulation.

Materials and methods

Protein purification and crystallization

Protein expression and purification were performed as described previously
(Li et al. 2010). In brief, the ORFs of gtr1p and gtr2p were subcloned into
a modified pETDuet-1 vector (Novagen) for bicistronic protein expression
in the Escherichia coli strain BL21(DE3). The Gtrlp-Gtr2p complex was
purified using Ni-NTA affinity columns, anion exchange, and gel filtration.
The crystals were obtained using the hanging-drop, vapor diffusion method
with reservoir solution containing 0.1 M HEPES (pH 7.0), 10% PEG
monomethyl ether 5000, and 5% v/v Tacsimate (pH 7.0) at 277K. Crystals
of the selenomethionine derivative of Gtrlp-Gtr2p were grown under
similar conditions.

Data collection and structure determination

Se-SAD (single-wavelength anomalous diffraction) data were collected at a
wavelength of 0.97916 A and the diffraction was extended to 2.8 A reso-
lution (Hendrickson 1991). Data were indexed, integrated, and scaled using
the program XDS (Kabsch 1988). Phases were initially determined by Se-
SAD, and automatic model building was performed. All refinements were
performed with the restraint of an experimental phase using the refinement
module phenix.refine of the PHENIX package (Adams et al. 2002). The
model quality was checked with the PROCHECK program (Laskowski
et al. 1993).

Other procedures—including antibodies, plasmids, cell culture, trans-
fection, immunofluorescence, and immunoprecipitation—are described
in the Supplemental Material.

Accession number

The atomic coordinates of the Gtrlp-Gtr2p has been deposited in the
Protein Data Bank with accession code 3R7W.
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