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Dear Editor,
Rab7A (Ras-related protein Rab-7a), a member of the 
Rab family of small GTPases, has been demonstrated 
to be a crucial regulator of mammalian autophagic and 
endosomal pathways (Gutierrez et al., 2004; Yamano et 
al., 2018). During mammalian autophagy, Rab7A can 
facilitate the maturation of autophagosomes and their 
fusion with lysosomes through its interactions with rel-
evant regulatory proteins and binding partners (Chua 
et al., 2011; Gutierrez et al., 2004; Stroupe, 2018; Vaites 
et al., 2018). Particularly, the GDP (guanosine-5'-diphos-
phate) -bound inactive Rab7A is reported to be recruited 
to autophagosomes by its GEF (guanine nucleotide 
exchange factor) protein, the MON1/CCZ1/C18orf8 com-
plex (Fig. 1A), which can specifically convert Rab7A to 
its GTP (guanosine-5'-triphosphate)-bound active state 
(Nordmann et al., 2010). The precise spatiotemporal 
regulation of the activity of Rab7A is critical for proper 
autophagic flux in mammals. Recently, two Cryo-EM 
(cryo-electron microscopy) structures of the Mon1/Ccz1/
Bulli complex from Drosophila were reported (Herrmann 
et al., 2023; Yong et al., 2023). However, due to the lack of 
complex structures, how the mammalian MON1 (mon-
ensin sensitivity 1)/CCZ1 (calcium caffeine zinc sensi-
tivity 1)/C18orf8 (chromosome 18 open reading frame 8) 
complex specifically recognizes the GDP-bound inactive 
Rab7A and achieves its specific GEF activity for Rab7A 
remains unclear.

To uncover how the MON1A/CCZ1/C18orf8 complex 
specifically recognizes Rab7A and conducts its GEF activ-
ity, we first performed relevant Co-IP (co-immunoprecip-
itation) assays and confirmed that only the GDP-bound 
inactive T22N mutant of Rab7A but not the wild-type or 
the GTP-bound active Q67L mutant of Rab7A can asso-
ciate with the MON1A/CCZ1/C18orf8 complex in cells 
(Fig. 1B). To facilitate following biochemical and struc-
tural characterizations of the interaction between the 
MON1A/CCZ1/C18orf8 complex and Rab7A, we deleted 
the C-terminal membrane-associating region (resi-
dues 182–207) of Rab7A, and constructed a short Rab7A 
(1–181) fragment (Fig. S1). Subsequently, we purified the 
Q67L and T22N mutants of Rab7A (1–181) from E. coil 
cells, and conducted size exclusion chromatography 
(SEC)-based analyses to evaluate their interactions with 
the MON1A/CCZ1/C18orf8 complex. Based on our SEC 
results, the MON1A/CCZ1/C18orf8 complex can readily 
interact with the GDP-bound Rab7A (1–181) T22N but not 
the GTP-bound Rab7A (1–181) Q67L (Figs. 1C and S2A). 
Subsequently, we purified the MON1A/CCZ1/C18orf8/
Rab7A (1–181) T22N quaternary complex, and further 
MALS (Multi Angle Light Scattering)-based measurement 
revealed that it forms a 1:1:1:1 stoichiometric hetero- 
tetramer in solution (Fig. S2B).

Then, based on previous structural studies of the 
fly Mon1/Ccz1/Bulli complex together with our rele-
vant sequence alignment and Co-IP results (Fig. S3), 
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we used the truncated MON1A (235–652) fragment for 
assembling the MON1A/CCZ1/C18orf8 complex, and 
subsequently determined the Cryo-EM structure of the 
MON1A (235–652)/CCZ1 (1–482)/C18orf8 (1–657)/Rab7A 
(1–181) T22N complex to a 3.41 Å resolution (Figs. S4–S7; 
Table S1), revealing a unique architecture of the MON1A/
CCZ1/C18orf8 complex bound with one Rab7A (1–181) 
T22N (Fig. 1D and 1E). In the complex structure, both 

MON1A and CCZ1 are assembled in a triangular man-
ner by three LD (Longin) domains, and directly interact 
with the C-terminal α-solenoid domain of C18orf8 form-
ing the MON1A/CCZ1/C18orf8 complex (Fig. 1D and 1E). 
Meanwhile, Rab7A adopts a typical Rab GTPase fold, and 
packs against a solvent-exposed surface co-assembled 
by the two LD1 domains of MON1A and CCZ1 to form a 
triangular-like architecture (Fig. 1D and 1E). Intriguingly, 
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Figure 1.  Biochemical and structural characterizations of the interaction between the MON1A/CCZ1/C18orf8 complex and Rab7A. 
(A) A schematic diagram showing the domain organizations of human MON1A, CCZ1, C18orf8, and Rab7A. In this drawing, the 
MON1A/CCZ1, MON1A/C18orf8, CCZ1/C18orf8, MON1A/Rab7A, and CCZ1/Rab7A interactions are further highlighted and indicated 
by two-way arrows. (B) Co-immunoprecipitation assays showing that the GDP-bound inactive Rab7A T22N mutant strongly interacts 
with the MON1A/CCZ1/C18orf8 complex in cells, while the wild-type Rab7A and the GTP-bound active Q67L mutant of Rab7A fail to 
interact with the MON1A/CCZ1/C18orf8 complex. “WT” means the wild-type Rab7A. “IB” stands for immunoblotting. (C) SEC-based 
analysis of the interaction of the MON1A/CCZ1/C18orf8 complex with the T22N mutant of Rab7A (1–181). A280, the UV absorbance 
at 280 nm. (D) Ribbon diagram showing the overall structure of the MON1A/CCZ1/C18orf8/Rab7A complex. (E) The ribbon-surface 
representation showing the overall architecture of the MON1A/CCZ1/C18orf8/Rab7A complex with the same orientation as in panel 
(D). In this drawing, the MON1A/CCZ1/C18orf8 complex is shown in the surface representation, and Rab7A is shown in the ribbon 
model. (F) Ribbon diagram showing the structure of the Rab7A molecule in the MON1A/CCZ1/C18orf8/Rab7A complex. The Switch 
I, Interswitch, and Switch II of bound Rab7A are further indicated and colored in magenta, gray, and yellow, respectively. (G) Ribbon 
diagram showing the structural comparison of the Rab7A in the MON1A/CCZ1/C18orf8/Rab7A complex with the apo-form GDP-
bound Rab7A (PDB ID: 1VG1).
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the GDP molecule and the related Mg2+ co-factor of 
Rab7A T22N are missing in the structure (Fig. 1F), and 
the overall configurations of the Switch I and Switch II 
regions of Rab7A in the MON1A/CCZ1/C18orf8/Rab7A 
complex are significantly different from that of the apo-
form GDP-bound Rab7A (PDB ID (Protein data bank ID): 
1VG1), the apo-form GTP-bound Rab7A (PDB ID: 1T91), 
or the GTP-bound Rab7A in the Rubicon/Rab7 complex 
(PDB ID: 6WCW) (Figs. 1G and S8).

Further structural analyses of the binding interface 
of Rab7A (1–181) T22N with the MON1A/CCZ1/C18orf8 
complex revealed that the specific association of Rab7A 
with the two LD1 domains of MON1A and CCZ1 is mainly 
mediated by both hydrophobic and hydrophilic interac-
tions (Figs. 2A, 2B and S9). Specifically, the hydrophobic 
side chain groups of Y37, I41 from the Switch I of Rab7A, 
and F45, W62 from the Interswitch as well as L73 from 
the Switch II of Rab7A occupy the hydrophobic groove 
formed by the V281, V283, A284, L285, and F288 residues 
from the MON1A LD1 domain and the L64, A67, and F71 
residues from the CCZ1 LD1 domain (Fig. 2A and 2B). 
Meanwhile, the hydrophobic side chain of F33 within 
Switch I of Rab7A forms a hydrophobic contact with the 
A274 residue from the MON1A LD1 domain (Fig. 2A and 
2B). Furthermore, the side chains of K10, N22, T40, T58, 
Q60, Q67, E68, R79, and D82 together with the main chain 
carbonyl group of L8 from Rab7A interact with the A261, 
E273, G262, E260, N358, and D360 residues from MON1A 
LD1 and the E38, E66, and N56 residues from CCZ1 LD1, 
forming 10 specific hydrogen bonds (Fig. 2B). In par-
allel, the positively charged K31 and R69 from Rab7A 
couple with the negatively charged E238 from MON1A 
LD1 and E41 from CCZ1 LD1 to form two pairs of salt 
bridges, respectively (Figs. 2B and S9). In line with our 
structural data, further SEC-based analyses confirmed 
that the Y37Q or F45Q mutation of Rab7A (1–181) T22N, 
can essentially abolish the interaction between Rab7A 
(1–181) T22N and the MON1A/CCZ1/C18orf8 complex 
(Fig. S10A and S10B). Consistently, further Co-IP assays 
demonstrated that point mutations of key residues 
involved in the binding interface between the MON1A/
CCZ1/C18orf8 complex and Rab7A, completely disrupt 
the specific interaction between Rab7A T22N and the 
MON1A/CCZ1/C18orf8 complex (Fig. S10C).

Careful structural comparison analyses revealed that 
the most prominent distinction between Rab7A T22N 
in the MON1A/CCZ1/C18orf8/Rab7A complex and the 
apo-form GDP-bound Rab7A (PDB ID: 1VG1) lies in the 
conformation of the Switch I of Rab7A (Figs. 1G and 
2C). Particularly, in the apo-form GDP-bound Rab7A, the 
F33 residue within the Switch I is upward-facing, and is 
approaching the nucleotide-binding pocket by forming 
an edge-to-face π-π interaction with the guanine nucle-
otide (Fig. 2C). Meanwhile, the hydroxyl group of T22 is 
coordinated with the Mg2+ ion (Fig. 2C). In contrast, the 

Switch I of Rab7A T22N in the MON1A/CCZ1/C18orf8/
Rab7A complex flips down and directly binds to MON1A 
and CCZ1 mainly via the hydrophobic interactions of the 
F33, Y37, I41 residues of Rab7A T22N with the relevant 
hydrophobic residues of MON1A and CCZ1, thereby dest-
abilizing the nucleotide binding of Rab7A T22N (Fig. 2C). 
Moreover, the positively charged side chain of Rab7A K38 
inserts into the nucleotide-binding pocket of Rab7A, and 
occupies the position of Mg2+ in the GDP-bound Rab7A 
(Fig. 2C). Notably, due to the loss of the Mg2+ ion, the N22 
residue of Rab7A T22N engages with CCZ1 E38 rather 
than the bound Mg2+ ion (Fig. 2C). Altogether, it is clear 
that when binding to the GDP-bound Rab7A, the MON1A/
CCZ1/C18orf8 complex can induce a large structural 
rearrangement of the Switch I of Rab7A to destabilize 
the GDP-binding of Rab7A, facilitating the dissociation 
of GDP and the subsequent loading of GTP. Interestingly, 
our structural comparison analysis of Rab7A T22N in 
the MON1A/CCZ1/C18orf8/Rab7A complex with the apo-
form GTP-bound Rab7A (PDB ID: 1T91) revealed that the 
key F33 and Y37 residues of Rab7A directly interact with 
GTP in the active Rab7A (Fig. 2D). Specifically, the side 
chain of Y37 in the GTP-bound Rab7A forms a strong 
hydrogen bond with the γ-phosphate group of GTP in the 
active Rab7A (Fig. 2D). Since the γ-phosphate group of 
GTP is absence in GDP, the key Y37 residue in the GDP-
bound state but not the GTP-bound state of Rab7A is 
accessible for binding to the MON1A/CCZ1/C18orf8 com-
plex. Apparently, once GTP is loaded into Rab7A during 
the catalytic process mediated by the MON1A/CCZ1/
C18orf8 complex, GTP can directly compete with the 
MON1A/CCZ1/C18orf8 complex for binding to the Y37 
and F33 residues of Rab7A, ultimately resulting in the 
release of the GTP-bound active Rab7A from the MON1A/
CCZ1/C18orf8 complex. In contrast to that of the GDP-
bound Rab7A, due to the presence of a strong hydrogen 
bond between GTP and the side chain of Rab7A Y37, the 
Switch I region of the GTP-bound wild-type Rab7A or 
Rab7A Q67L mutant is not accessible for the MON1A/
CCZ1/C18orf8 complex (Figs. 2D and S11). Therefore, 
only the GDP-bound Rab7 but not the GTP-bound Rab7A 
can bind to the MON1A/CCZ1/C18orf8 complex.

Notably, the overall binding mode of Rab7A with 
the human MON1A/CCZ1/C18orf8 complex is simi-
lar to that of the Chaetomium thermophile (Ct) Ypt7 with 
the CtMon1 LD1/Ccz1 LD1 complex (PDB ID: 5LDD) 
(Fig. S12). Importantly, similar conformational changes 
of the Switch I regions of human Rab7A and CtYpt7 
(Chaetomium thermophile Ypt/Rab-type GTPase ypt7) upon 
binding to the human MON1A/CCZ1/C18orf8 complex or 
the CtMon1 LD1/Ccz1 LD1 complex were observed (Fig. 
S12), revealing a conserved mechanism shared by the 
human MON1A/CCZ1/C18orf8 complex and the CtMon1/
Ccz1 complex to conduct their GEF activities (Kiontke et 
al., 2017).
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Figure 2.  The binding and GEF mechanisms of the MON1A/CCZ1/C18orf8 complex for Rab7A. (A) The combined surface 
representation and ribbon-stick model showing the hydrophobic binding surface between the MON1A/CCZ1/C18orf8 complex and 
Rab7A. In this representation, Rab7A is displayed in the ribbon-stick model, and the MON1A/CCZ1/C18orf8 complex is shown in the 
surface model colored by different amino acid types. (B) The ribbon-stick representation showing the detailed binding interface of 
the MON1A/CCZ1/C18orf8 complex with Rab7A. In this drawing, the side chains of the key residues involved in the binding interface 
are shown in stick-ball mode, and the related hydrogen bonds are shown as dotted lines. (C and D) The ribbon-stick representation 
showing the detailed structure comparison of Rab7A in the MON1A/CCZ1/C18orf8/Rab7A complex with the apo-form GDP-bound 



The GEF mechanism of the human MON1A/CCZ1/C18orf8 complex  |  743

Pr
ot

ei
n

 &
 C

el
l

The activation of Rab7A by the MON1A/CCZ1/C18orf8 
complex is a key step in the maturation of autophago-
some, and is subject to the precise spatiotemporal control 
of the localization of the MON1A/CCZ1/C18orf8 complex 
to autophagosome. However, currently we have no idea 
on the mechanism underpinning the recruitment of 
the MON1A/CCZ1/C18orf8 complex to autophagosome 
membrane. Thus, more studies are required to elucidate 
the precise mechanism governing the recruitment of the 
MON1A/CCZ1/C18orf8 complex to autophagosome dur-
ing mammalian autophagy processes in the future.

In all, we determined the Cryo-EM structure of the 
human MON1A/CCZ1/C18orf8/Rab7A T22N complex, 
and uncovered that the binding of the MON1A/CCZ1/
C18orf8 complex to Rab7A can induce large conforma-
tional changes of the Switch I region of Rab7A to promote 
the GDP/GTP exchange of Rab7A, thereby shedding light 
on the working mechanism of the MON1A/CCZ1/C18orf8 
complex to conduct its GEF activity for Rab7A. Finally, 
we proposed a model to depict the GDP/GTP exchange of 
Rab7A catalyzed by the MON1A/CCZ1/C18orf8 complex 
in mammals (Fig. 2E). In this model, the MON1A/CCZ1/
C18orf8 complex is first recruited to specific membrane 
structures, such as the endosome membrane and auto-
phagosome (Fig. 2E). Meanwhile, the GDP-bound inac-
tive Rab7A is kept soluble in the cytoplasm by binding 
to the chaperone-like GDP dissociation inhibitor (Fig. 2E). 
Then, the GDP-bound inactive Rab7A is recognized by the 
MON1A/CCZ1 sub-complex within the MON1A/CCZ1/
C18orf8 complex, and recruited to relevant membrane 
structure, where the MON1A/CCZ1/C18orf8 complex 
resides (Fig. 2E). Subsequently, the binding of the MON1A/
CCZ1/C18orf8 complex to the inactive Rab7A induces 
large structural rearrangements of many residues within 
the Switch I region of Rab7A, especially the key F33, Y37, 
and K38 residues (Fig. 2E), thereby promoting the GDP/
GTP exchange of Rab7A in a way as uncovered in this 
study. Finally, the GTP-bound active Rab7A disassociates 
from the MON1A/CCZ1/C18orf8 complex, and is specifi-
cally recognized by relevant Rab7A effectors to trigger dif-
ferent downstream cellular processes (Fig. 2E).

Supplementary data
Supplementary data is available at Protein & Cell online 
https://doi.org/10.1093/procel/pwaf018.
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