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The cellular glucose level has to be tightly regulated by a variety of cellular processes. One of them is the
degradation of gluconeogenic enzymes such as Fbp1, Icl1, Mdh2, and Pck1 by GID (glucose-induced
degradation deﬁcient) E3 ubiquitin ligase. The Gid4 component of the GID ligase complex is responsible
for recognizing the N-terminal proline residue of the target substrates under normal conditions. However, an alternative N-recognin Gid10 controls the degradation process under stressed conditions.
Although Gid10 shares a high sequence similarity with Gid4, their substrate speciﬁcities are quite
different. Here, we report the structure of Gid10 from Saccharomyces cerevisiae in complex with Pro/Ndegron, Pro-Tyr-Ile-Thr, which is almost identical to the sequence of the natural substrate Art2. Although
Gid10 shares many structural features with the Gid4 protein from yeast and humans, the current
structure explains the unique structural difference for the preference of bulky hydrophobic residue at the
second position of Pro/N-degron. Therefore, this study provides a fundamental basis for understanding of
the structural diversity and substrate speciﬁcity of recognition components in the GID E3 ligase complex
involved in the Pro/N-degron pathway.
© 2021 Elsevier Inc. All rights reserved.
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1. Introduction
Ubiquitin (Ub) plays a role as a critical modulator of many biological processes, including the cell cycle, signal transduction, DNA
transcription, autophagy, and proteasomal degradation [1e3]. The
ubiquitineproteasome system (UPS) is a conserved pathway for
degrading proteins in a highly regulated manner in eukaryotic cells
[1,4]. In addition to Ub and the proteasome, the UPS consists of
many factors, including three different sets of enzymes, E1 Ubactivating enzymes, E2 Ub-conjugating enzymes, and E3 Ub ligases. In particular, E3 Ub ligases play a critical role in recognizing
the substrate and eventually linking Ub from the E2 enzyme to the
target protein [5]. Diverse combinations of E2 Ub-conjugating enzymes and E3 Ub ligases recognize each substrate's distinctive
degradation signal, thereby yielding delicate speciﬁcity for ubiquitylation of various protein substrates [6]. Consequently, Ubtagged substrates are degraded by the 26S proteasome, and
eukaryotic cells can maintain homeostasis by selectively eliminating misfolded, damaged, and metabolically unwanted proteins
[1,2].
One of the degradation signals is N-degron, which is recognized
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by E3 ligases called N-recognins, and the proteolytic system is
termed the N-degron pathway (formerly called the N-end rule
pathway) [6]. The Arg/N-degron pathway targets unacetylated Nterminal (Nt) residues containing Asn, Arg, Asp, Cys, Gln, Glu, His,
Ile, Leu, Lys, Met, Phe, Trp, and Tyr [6,7]. Some of them are modiﬁed
to Nt-Arg by successive hierarchical enzymatic processes [6,8]. The
Ac/N-degron pathway, an alternative pathway of Arg/N-degron,
targets proteins bearing acetylated Nt-residues containing Ala,
Cys, Gly, Met, Ser, Thr, and Val, although some of them are rarely
acetylated [6,9]. More recently, the Gly/N-degron and fMet/Ndegron pathways have been reported to target the Nt-glycine and
Nt-formyl methionine residues, respectively [10,11]. Nt-proline has
a characteristic cyclic form of side chain and is targeted by the Pro/
N-degron pathway involved in the destruction of gluconeogenic
enzymes [12].
Gluconeogenesis is a metabolic pathway for generating glucose
from noncarbohydrate substances, and it is a ubiquitous metabolic
process that exists in almost all living organisms. In Saccharomyces
cerevisiae, cells switch from gluconeogenesis to glycolysis to
maintain an appropriate level of glucose [13e15]. Glucose-induced
degradation-deﬁcient (GID) Ub ligase complexes, composed of 9
subunits (Gid1~9), degrade gluconeogenic enzymes when cells
return to glucose-replete conditions [16]. The gluconeogenic enzymes Fbp1, Icl1, Mdh2, and Pck1 bearing Nt-Pro or Pro at the
second position are conditionally degraded in a Gid4-dependent
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exchange column chromatography using HiTrap Q FastFlow (Cytiva,
17-5156-01). Finally, the sample was passed through Superdex 75
Increase 5/150 GL (Cytiva, 29-1487-21) pre-equilibrated with ﬁnal
buffer (20 mM Tris-HCl pH 7.5, 150 mM NaCl, and 1 mM TCEP).

manner [12]. Thus, the Gid4 subunit is a recognition component in
the GID complex. A follow-up study using yeast-two-hybrid
screening identiﬁed an alternative recognition component, Gid10
(YGR066C), which shares a degree of substrate speciﬁcity with Gid4
but is not identical [17]. Gid10 from Saccharomyces cerevisiae
(yGid10) is induced under starvation or osmotic stress conditions,
and it is interchangeable with Gid4 to be assembled into a GID
complex [18]. The recognition speciﬁcity of Gid4 from Saccharomyces cerevisiae (yGid4) was quite mysterious due to the substrate
Pck1, which bears Nt-Ser immediately after the initiating methionine residue, whereas most of the substrates possess proline at the
Nt, removing the initiating methionine residue by methionine
aminopeptidase(s). Interestingly, the Pro-Thr-Leu-Val sequence
derived from a known yGid4 target substrate, Fbp1, interacts
extremely weakly with yGid10. Furthermore, yGid10 also recognizes nonproline residues such as Met-Tyr-Ile-Thr-Val or Val-CysPhe-His [17]. More recently, it has also been reported that human
GID4 (hGID4) recognizes nonproline Nt-residues starting with Ile
or Val followed by glycine residues [19].
Structures of hGID4 in complex with Pro/N-degron as well as
nonproline peptides have been reported, and therefore, the speciﬁcity of hGID4 is relatively well understood [19,20]. In contrast to
yGid4, hGID4 has been shown to not bind to the Nt-Ser-Pro-peptide
in vitro [20]. The cryo-electron microscopy structure of the entire
yeast GID complex containing apo-Gid4 has been reported [18], and
no structural information on yGid10 has been reported. Therefore,
we initiated this study to determine the complex structure of
yGid10 in complex with Nt-Ser-Pro N-degron to understand how
yGid10 recognizes the Nt-serine residue and the unique speciﬁcity
of yGid10 [17]. Here, the structure of yGid10 in complex with Pro/Ndegron was determined using X-ray crystallography, and it shows
similarity as well as unique features compared with yGid4 and
hGID4. The structure reveals that the bound peptide is Nt-Pro after
processing the Nt-serine residue by aminopeptidase P activity in
E. coli and the preference of a bulky hydrophobic residue at the
second position of the N-degron. These ﬁndings broaden our understanding of the structural diversity and substrate speciﬁcity of
recognition components in the GID E3 Ub ligase complex.

2.3. Crystallization and structure determination
We crystallized the N-degron-fused yGid10 at 20  C in sitting
drop plates by 1:1 mixing of the protein (2.5 mg/ml) and mother
liquor (4.95% (v/v) isopropanol and 0.33 M ammonium citrate/
ammonium hydroxide with a pH of 8.5). Crystals were ﬂash-frozen
in liquid nitrogen with 25% glycerol as a cryoprotectant in the
original mother liquor. Data were collected at the Pohang Accelerator Laboratory (PAL) in Korea. The crystal structure of yGid10 was
solved by molecular replacement (MR) with the program PHASER
[21] using the structure of hGID4 as a search model (PDB ID: 6CDC)
[20]. The model obtained from the MR solution was rebuilt and
reﬁned in iterative cycles using Coot [22]. Statistics for collected
data and reﬁnement are summarized in Table 1. Structural ﬁgures
were drawn using PyMOL (www.pymol.org/), and for surface hydrophobic map generation, we used ChimeraX (https://www.cgl.
ucsf.edu/chimera/) [23]. Visualization of protein-ligand interactions was performed using LIGPLOT (https://www.ebi.ac.uk/
thornton-srv/software/LIGPLOT/). Atomic coordinate and structure factor ﬁles have been deposited in the Protein Data Bank under
the accession code 7VGW.
2.4. Amino acid sequence alignment and calculation of identity
Amino acid sequences of hGID4, yGid4, and yGid10 were taken
from the UNIPROT database (https://www.uniprot.org) and aligned
using the multiple sequence alignment tool Clustal Omega (https://
www.ebi.ac.uk/Tools/msa/clustalo/). Sequence identity and similarity of the aligned sequences were calculated by Sequence
Manipulation Suite (www.bioinformatics.org). Visualization of the
aligned result was performed by ESPript (https://espript.ibcp.fr/
ESPript/ESPript/).
2.5. DNA and N-terminal amino acid sequencing

2. Materials and methods
The DNA sequences for protein expression were analyzed by
Cosmogentech Inc. (Seoul, Korea). For N-terminal amino acid
sequencing, the puriﬁed yGid10 sample was transferred from
SDSePAGE gel to PVDF membrane (Invitrogen, IB24002). The
transferred protein band on the membrane was analyzed with the
Edman sequencing technique by EMASS Co. (Seoul, Korea).

2.1. Cloning
For efﬁcient expression of target proteins in E. coli, we used the
codon optimization tool ExpOptimizer (https://www.novoprolabs.
com). The DNA encoding yGid10 (residues 73e292) was synthesized (Integrated DNA Technologies) and cloned into the FP-His
vector containing a C-terminal His-tag. We inserted the DNA
sequence encoding the Met-Ser-Pro-Tyr-Ile-Thr-Val sequence at the
N-terminus by the QuikChange site-directed mutagenesis method.

3. Results and discussion
3.1. Serendipitously generated Pro/N-degron bound to yGid10

2.2. Protein expression and puriﬁcation

To understand how yGid10 or its sequelog yGid4 recognizes the
Pro/N-degron substrate, Pck1 bearing the proline residue at the
second position immediately after serine residue [12], we designed
the following strategy. Previously, it has been reported that the Ndegron residues attached at the Nt region of the target protein
generated by the LC3B fusion technique are very useful for the
complex structure of the proteins involved in the N-degron
pathway [24]. Unfortunately, the ATG4B protease cannot cleave the
peptide bond between the C-terminal glycine residue of LC3B and
the next proline residue. However, it is known that Nt-methionine
is removed by methionine aminopeptidase(s) if the side chains of
the penultimate residues have a radius of gyration of 1.29 Å or less,
including proline residues [25]. As noted, yGid10 binds the MetTyr-Ile-Thr-Val sequence tightly [17], and therefore, we designed

The recombinant protein was overexpressed in E. coli BL21 (DE3)
cells (Novagen, 69,450) in a 1  LB medium. Cells were grown at
37  C at 180 rpm until the OD600 reached 1.0, cooled to 18  C for
5 min, and treated with 0.5 mM isopropyl b-D-1thiogalactopyranoside (IPTG) for target protein induction. After
IPTG treatment, cells were grown at 18  C for 18 h and harvested for
the following steps. The harvested cells were lysed in sonication
buffer (50 mM Tris-HCl pH 8.0, 200 mM NaCl, and 1 mM TCEP
[tris(2-carboxyethyl)phosphine]), and the lysate was centrifuged at
35,000g for 1 h.
The supernatant was loaded onto an Ni-NTA afﬁnity column
(Cytiva, 29-0510-21), and the eluent was further puriﬁed by anion
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3.3. The Pro/N-degron recognition

Table 1
Data collection and reﬁnement statistics.

The proline peptide is recognized by a deep pocket formed by
the four loops of the b-barrel, as shown in hGID4 and yGid4 [18,20].
As noted above, the bound N-degron residue is Nt-Pro1-Tyr2-Ile3Thr4, which is clearly shown in the electron density map (Fig. 1D).
Only the four Nt-residues were found inside of the pocket (Fig. 1E),
and the next valine residue from the construct was not involved in
the interaction with yGid10, although they also showed apparent
electron density, which explains why yGid10 has selectivity against
only the ﬁrst four Nt-residues of its substrates [17].
The a-amino group of the ﬁrst proline of N-degron is recognized
by the carboxylate of Glu217 (b5) and the hydroxyl group of Tyr246
(b6). The carbonyl oxygen of the residue is coordinated with the
side chain amide nitrogen of Gln89 (b1) and the hydroxyl group of
Tyr246 (b6). Therefore, the side chain hydroxyl group of Tyr246 is a
key determinant to recognize Nt-Pro1 by bipartate hydrogen bonds
(Fig. 1E). The main chain nitrogen and oxygen atoms of the second
Tyr2 residue form hydrogen bonds with the main chain oxygen and
nitrogen atoms of Ser241 (L3). The side chain amide oxygen and
nitrogen atoms of Gln270 (b8) form hydrogen bonds with the main
chain nitrogen and oxygen atoms of the third Ile3 residue,
respectively (Fig. 1E and F). Finally, the carbonyl oxygen of Gly239
(L3) interacts with the main chain nitrogen atom of the fourth Thr4
residue (Fig. 1E and F). The residues for recognizing the Pro/Ndegron by hydrogen bonding interactions are absolutely
conserved among yGid10, yGid4, and hGID4 (Fig. 2A). Interestingly,
the atoms of the N-degron involved in the hydrogen bonds with Gid
proteins are only main chain atoms, suggesting that the binding
speciﬁcity must be from hydrophobic interactions.

PYIT-yGid10 (PDB ID: 7VGW)
Data collection
Beamline
Space group
Cell dimensions
a, b, c (Å)
a, b, g ( )
Wavelength (Å)
Resolution (Å)
Rmerge
I/sI
Completeness (%)
Redundancy
Reﬁnement
Resolution (Å)
No. reﬂections
Rwork/Rfree
No. atoms
B-factors (Å2)
R.m.s deviations
Bond lengths (Å)
Bond angles ( )
Ramachandran plot
Favored (%)
Allowed (%)
Outliers (%)
a

PAL-11C
C 2 2 21
86.346, 109.913, 147.461
90, 90, 90
0.9794
43.17e2.8 (2.85e2.8)a
0.175 (1.447)
14.9 (1.07)
99.52 (99.25)
8.8 (7.7)

2.8
17,555 (1728)
21.0/24.8 (29.8/35.1)
3474
72.73
0.003
0.65
96.57
3.43
0

Values in parentheses are for the highest-resolution shell.

a construct bearing Met-Ser-Pro-Tyr-Ile-Thr-Val at the Nt of yGid10
and expected Ser-Pro-Tyr-Ile-Thr-Val-yGid10 as a product.
With this construct, we successfully obtained crystals and
determined the structure of yGid10 in complex with the N-degron
substrate (see details for Section 3.2); however, the electron density
map for the N-degron was quite enigmatic and did not look like the
expected Nt-Ser residue. Therefore, we double conﬁrmed the DNA
sequence (Fig. S1A) and the N-terminal sequence of the puriﬁed Ndegron-tagged yGid10 (Fig. S1B). The Edman sequencing result
clearly showed Nt-Pro, which suggested that Nt-Ser must be
further processed by the unknown aminopeptidase P in E. coli., and
Chen et al. very recently reported that the N-terminal serine of
yeast Pck1 is trimmed by the aminopeptidase Icp55 to expose the
Pro/N-degron [26]. This implies that the mechanism for removing
amino acid residues, including serine, before proline to make the
Pro/N-degron is evolutionarily conserved between S. cerevisiae and
E. coli. In conclusion, we serendipitously obtained the crystal
structure of yGid10 in complex with the Nt-Pro peptide from an
adjacent molecule in the crystalline lattice (Fig. 1A).

3.4. Structural comparison with other GID N-recognins
Sequence alignment of yGid10 with yGid4 and hGID4 revealed
that yGid10 and yGid4 share 39.66% sequence identity (55.17%
similarity) with the b-barrel- and L1~L4-conjugated regions
(Fig. 2A). yGid10 and hGID4 share 35.90% sequence identity (52.14%
similarity) between the same regions. Meanwhile, AD shows only
10e16% sequence identity with each other. As noted above, the six
key residues (Gln89, Glu217, Gly239, Ser241, Tyr246, and Gln270)
forming the Pro/N-degron binding pocket are strictly conserved
(Fig. 2A and 1E). The L5 loop of hGID4 is relatively shorter (4 residues) than that of yGid10 (12 residues) and yGid4 (11 residues)
(Fig. 2A). This L5 loop faces yGid5, which acts as an adaptor for
yGid4 and yGid10 [16,18], and thus, it seems that the extended L5
loop is speciﬁc for yeast proteins.
To further investigate the structural features, we superposed the
structure of yGid10 with that of yGid4 (PDB ID: 7N53 chain-E) and
hGID4 (PDB ID: 6CDC chain-A). yGid10 has two a-helices (a1 and
a2) in AD, and the a2 of yGid10 corresponds to the a1-helix of
hGID4 and yGid4 (Fig. 2B). yGid4 has an additional 35 amino acid
residues (N239~F273) between the a2- and a3-helices, and structural information of the region is not yet available due to its ﬂexible
nature. This characteristic insertion of yGid4 may confer a substrate
preference distinct from yGid10.
It has been reported that N-degron binding induces a conformational change in apo-Gid4 proteins, and the L3 loop shows the
most dynamic movement [18,20,27]. Similarly, the L3 loop of
yGid10 moves toward the N-degron binding site, and the Ser241
and Gly239 residues interact with the second and fourth residues of
the substrate, respectively (Fig. 2C). Indeed, the L3 loop of yGid10
(23 residues) is exceptionally longer than that of yGid4 (16 residues) and hGID4 (15 residues) (Fig. 2A and C). Therefore, it seems
that the longer L3 loop of yGid10 plays a role in substrate preference. The L4 loop of Gid4 proteins undergoes conformational

3.2. Overall structure of yGid10
We determined the complex structure of yGid10-PYTI at a resolution of 2.8 Å (Table 1). There were two molecules in the asymmetric unit, and chain-B was selected for further structural analysis
because it showed better electron density of the bound Pro/Ndegron than chain-A. The overall structure of yGid10 has a wellconserved antiparallel b-barrel with 9 b-strands (b1-a, b1-b, and
b2~b8) with the ﬁrst (b1) and last (b8) b-strands zipped with
hydrogen bonds (Fig. 1B and C). This b-barrel possesses a substratebinding pocket composed of four loops (L1-L4). The pocket shows
negatively charged properties formed by three residues (Gln89,
Glu217, and Gln270) (Fig. 1D). On the opposite side of the pocket,
there are two loops (L5 and L6) and an accessory domain (AD:
residues between b4-and b5-strand) composed of two a-helices
(Fig. 1C). The exact role of the AD is currently unknown.
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Fig. 1. Structural analysis of yeast Gid10 in complex with Pro/N-degron.
(A) Crystal packing representation of PYIT-tagged Gid10. The a-helices, b-strands, loops, and N-degron residues are colored red, yellow, green, and magenta, respectively. Each chain
recognizes the N-terminal PYIT residues of the neighboring molecule. (B) The overall structure of yGid10. The a-helices (a1 and a2), b-strands (b1-b8), and connecting loops (L1-L4
for the substate binding side and L5-L6 for the opposite side) are numbered. The N- and C-termini are indicated as Nt and Ct, respectively. Accessary domain denoted as AD. (C) A
schematic diagram of yGid10 topology. (D) A transparent molecular surface with electrostatic potentials shows the distribution of positively and negatively charged surfaces colored
blue and red, respectively. Six key residues of yGid10 recognizing the N-degron peptide (green stick model) are shown in salmon and labeled. The 2FoeFc electron density map of
the substrate peptide contoured at the 1.0-s level is shown in the gray mesh. The substrate interaction region is indicated with a blue dashed box. (E) A close-up view of the
substrate-binding site in the complex structure of yGid10-PYIT. The hydrogen bonds are denoted as black dashed lines with distances. (F) A schematic diagram showing the interactions between yGid10 and the PYIT peptide. The hydrogen bond interactions are shown as green dashed lines with distances, and hydrophobic interactions are indicated by red
starbursts. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the Web version of this article.)

of hydrophobic residues from small to bulky side chains. All these
N-recognins prefer hydrophobic residues at the third and fourth
positions of Pro/N-degron. To investigate the reason for this
selectivity, we compared the accommodating region of the Ndegron in the GID proteins. As described above, there is no
particular polar interaction for speciﬁcity, and thus, the hydrophobic surface properties were compared (Fig. 3). The hole accommodating Nt-Pro in the three N-recognins shares a similar
hydrophobic property (Fig. 3A). It has been reported that these Nrecognins also recognize nonproline Nt-residues, initially in yGid10
[17] and then hGID4 [19] and very recently in yGid4 [28]. These
nonproline Nt-residues are all hydrophobic residues and are clearly
explained by the nonpolar nature of this hole.
All four loops (L1-L4) of GID N-recognins efﬁciently collaborate
in the binding of Pro/N-degron (Fig. 1B). In contrast to the Gid4
proteins, the loops of yGid10 are longer and ﬂexible for generating a
larger binding pocket, mainly due to the L3 loop (Fig. 2C). The L4
loop recognizes the second residue of N-degron, and therefore, it is
inferred that the selectivity originates from the characteristics of
amino acids composed of the L4 loop. Compared with the sequence
of the L4 loop of yGid4 and hGID4, that of yGid10 possesses more
hydrophobic residues (Fig. 2A) for energetically favorable

changes to tighten substrate binding upon complex formation [20].
Notably, the L4 loop and b8-strand in yGid4 have a dynamic
conformational feature. Comparing apo-yGid4 (PDB ID: 6WSY
chain E) and yGid4-PLT (PDB ID:7NS3 chain E), it has been identiﬁed that the breakage of the b1-strand (Thr130-Tyr132) splits into
two short strands (b1a and b1b). Thus, it weakens the hydrogen
bonding interactions between the b1- and b8-strands to allow the
structural transition at the tip of the b8-strand (Fig. 2D). The
glutamine residue (Gln270 in yGid10 and Gln340 in yGid4) at the
b8-strand moves upward to accommodate the third residue of Ndegron (Fig. 2D). The side chain of Gln270 is critical for recognition
of the peptide bond of the third residue of the N-degron (Fig. 1E).
However, there was no such conformational change in hGID4 upon
complex formation [20] (Fig. 2D).
3.5. Substrate selectivity of yGid10
yGid10, yGid4, and hGID4 recognize the same Nt-Pro residue
but show distinct speciﬁcities [12,17,19,20]. Especially at the second
position of the Pro/N-degron, yGid4 prefers small and/or polar
residues, and hGID4 shows some stringency to the Gly residue.
However, yGid10 showed promiscuous recognition of a wide range
89
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Fig. 2. Structural comparison of yGid10 with yGid4 and hGID4.
(A) Sequence alignment of Gid proteins. Thirty-ﬁve residues (N239eF273) of yGid4 are omitted for clarity and indicated as a red * symbol [35]. Connecting loop regions and AD are
shaded in gray and salmon, respectively. (B) Superposition of accessory domains. yGid10, yGid4, and hGID4 are colored green, cyan, and salmon, respectively. The red dashed box
represents the region of yGid4, which is not a structurally determined region of yGid4. (C) A superposition of the structure of the yGid10-PYIT complex with those of yGid4 from the
GidSR4 complex and hGID4-PSRW complex. The color scheme is the same as Panel (B). Residues of yGid10 are labeled in black, and each equivalent residue of yGid4 and hGID4 is
labeled in blue and red, respectively. A transparent gray oval indicates the bound N-degron peptide region. (D) Structural shift of the b8-strand in yGid10 and yGid4 upon complex
formation with the N-degron peptide. yGid10-PYIT, apo-yGid4, yGid4-PLT, apo-hGID4, and hGID4-PGLW are colored green, slate, cyan, magenta, and salmon, respectively. The
bound N-degron peptides are shown in stick models colored white. Transparent reddish circles indicate the Q270 of yGid10 and its equivalent residues in yGid4 and hGID4. (For
interpretation of the references to color in this ﬁgure legend, the reader is referred to the Web version of this article.)

Intriguingly, a natural substrate of yGid10 N-recognin was very
recently identiﬁed [29]. yGid10-containing GID complex ubiquitinates the a-arrestin Art2, which regulates the endocytosis of
plasma membrane nutrient transporters. Fortuitously, the Ntsequence of Art2 is Nt-Pro-Phe-Ile-Thr-Ser-Arg-Pro-Val [29],
which is almost identical to our designed sequence Nt-Pro-Tyr-IleThr-Val by modiﬁcation of the original sequence Nt-Met-Tyr-IleThr-Val obtained from a yeast-two-hybrid screen [17]. Therefore,
the current structure of yGid10 in complex with the Pro/N-degron,
which is nearly identical to the natural substrate, broadens our
understanding of the structural diversity and substrate speciﬁcity
of recognition components in the GID E3 Ub ligase complex.

environments (Fig. 3B). Furthermore, yGid10 generates a larger
pocket for the bulky tyrosyl side chain at the second position than
that for Thr in yGid4 and that for Gly in hGID4 (Fig. 3B). The corresponding hydrophobic region in the L4 loop of yGid10 is partly
hydrophilic in yGid4 and hGID4 (the upper right corner of Fig. 3B).
Consistent with the results obtained from the phage-display peptide library screen, yGid4 and hGID4 favor Asp at the second position, whereas yGid10 favors Trp [28]. There is a conserved
hydrophobic patch near the binding site of the third residue of Ndegron (Fig. 3B). It can be clearly explained that the preference of
the third position of the N-degron is also hydrophobic residues
[28].
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Fig. 3. The hydrophobic pocket of the recognition components of GID E3 ubiquitin ligase.
(A) The primary proline recognition regions of yGid10-PYIT, yGid4-PTL, and hGID4-PGLW were compared. Only the N-terminal proline of substrate peptides is shown for clarity. (B)
The recognition regions of the side chain atoms of the 2nd and 3rd residues of Pro/N-degron are shown in red and blue dashed circles, respectively. Hydrophobicity increases as the
surface color changes from white to green. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the Web version of this article.)
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