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Fig. S1. CryoEM sample preparation. 

(A) Table detailing the subunit composition of the yeast TRAPPII and TRAPPIII complexes. 
(B) SDS-PAGE gel showing purified TRAPPII-Rab11/Ypt32 complex and purified Rab11/Ypt32. 
 



 
 

 
 



 
 

 

Fig. S2. CryoEM data processing pipeline for TRAPPII-Rab11/Ypt32 complex. 

Flowchart illustrating the data processing strategy for the TRAPPII-Rab11/Ypt32 complex cryoEM 
data (see Methods). 

 



 
 

 

 

Fig. S3. CryoEM data processing pipeline for TRAPPII. 

Flowchart illustrating the data processing strategy for the TRAPPII-only cryoEM data (see 
Methods). Fourier shell correlation plots for the indicated refinement reconstructions are shown 
below the maps. 



 
 

 
  



 
 

 

 

Fig. S4. CryoEM map quality and model-map fit. 

(A) Fourier shell correlation plot for the symmetric (closed/closed) TRAPPII-Rab11/Ypt32 dimer 
reconstruction. (B) Fourier shell correlation plot for the symmetry-expanded TRAPPII-
Rab11/Ypt32 closed monomer reconstruction. (C) Fourier shell correlation plots for the indicated 
focused refinement reconstructions produced from the symmetric (closed/closed) TRAPPII-
Rab11/Ypt32 complex. (D) Fourier shell correlation plot comparing the refined symmetric 
(closed/closed) TRAPPII-Rab11/Ypt32 dimer model to the symmetric (closed/closed) TRAPPII-
Rab11/Ypt32 dimer reconstruction. (E) Orientation histogram for the symmetric (closed/closed) 
TRAPPII-Rab11/Ypt32 dimer particle refinement. (F) Example cryoEM density for the Trs120 
subunit. (G) Example cryoEM density for the Tca17 subunit. (H) Example cryoEM density for 
Rab11/Ypt32. (I) Example cryoEM density for the Trs65 subunit. (J) Example cryoEM density 
for the Trs130 subunit. (K) Example cryoEM density for the Trs31 subunit (as an example of the 
core complex). (L) Fourier shell correlation plot for the asymmetric (closed/open) dimer “state A” 
reconstruction. (M)  Fourier shell correlation plot for the open TRAPPII monomer reconstruction. 
(N) Fourier shell correlation plots for the indicated focused refinement reconstructions produced 
from the open monomer. (O)  Fourier shell correlation plot for the closed TRAPPII monomer 
reconstruction from the asymmetric (closed/open) dimer “state A”. (P) Fourier shell correlation 
plot comparing the refined symmetric asymmetric dimer model to the asymmetric dimer 
reconstruction. (Q) Fourier shell correlation plots for the indicated focused refinement 
reconstructions produced from the closed monomer of the asymmetric (closed/open) dimer “state 
A”. (R) Orientation histogram for the asymmetric dimer “state A” particle refinement.  
 



 
 

 

Fig. S5. Analysis of Trs120 structure and interactions within the TRAPPII complex. 

(A) Overall fold of Trs120. TPR : tetratricopeptide repeat. (B) Interactions at the Trs120-Trs130 
interface. (C) Polar interactions at the Trs120-Trs20 interface. (D) Hydrophobic interactions at the 



 
 

 

Trs120-Trs20 interface. (E-G) Comparison of Trs120-Trs20 in TRAPPII (E, this work), Trs85-
Trs20 in yeast TRAPPIII (25) (F), and TRAPPC8-TRAPPC2 in fly TRAPPIII (26) (G) interfaces. 
Note that the GTPase-like domain of TRAPPC8 was not modeled in the published fly TRAPPIII 
structure, so we superimposed the AlphaFold prediction (53) (shown in gray) onto the fly 
TRAPPC8 experimental model (26). (H,I) Conservation analysis of Trs120. (J) AlphaFold 
prediction of the human TRAPPC9 structure (53) shows an overall fold similar to that of Trs120.  



 
 

 

 

 



 
 

 

Fig. S6. Analysis of Trs130 structure and interactions within the TRAPPII complex. 

(A,B) Overall fold of Trs130. TPR : tetratricopeptide repeat. (C) Polar interactions at the Trs130-
Tca17 interface. Tca17 residue D45 is equivalent to a mutation in human TRAPPC2L associated 
with a neurodevelopmental disorder (36) (D) Hydrophobic interactions at the Trs130-Tca17 
interface. (E,F) Comparison of the leg elements from Trs130 (E, this work) and TRAPPC11 from 
fly TRAPPIII (26) (F). Note that the leg of TRAPPC11 from fly TRAPPIII appears “bent” relative 
to the “straight” leg of Trs130. (G,H) Conservation analysis of Trs130. (I) AlphaFold structure 
prediction (53) of the human TRAPPII subunit TRAPPC10 (Trs130 paralog) shows an overall fold 
similar to that of Trs130. Note that the TRAPPC10 leg appears “straight”, similar to the structure 
of yeast Trs130 but unlike the corresponding region of TRAPPC11 which appears “bent” in fly 
TRAPPIII. 

https://paperpile.com/c/4vUwLy/HUjUv
https://paperpile.com/c/4vUwLy/JoMGC


 
 

 

 

 



 
 

 

Fig. S7. Analysis of Trs65 structure and interactions within the TRAPPII complex. 

(A) Overall fold of Trs65. Labels with prime (‘) symbols indicate subunits belonging to the other 
monomer within the TRAPPII dimer. (B-G) Interactions between Trs65 and other subunits. (H,I) 
Conservation analysis of Trs65. (J) AlphaFold structure prediction (53) of human TRAPPC13 
shows an overall fold similar to that of Trs65. Note that although it exhibits structural similarity to 
Trs65, TRAPPC13 is part of the metazoan TRAPPIII complex (30, 40). 
 
 
 

https://paperpile.com/c/4vUwLy/eEseQ
https://paperpile.com/c/4vUwLy/1A6jx+YawED


 
 

 

 

 



 
 

 

Fig. S8. Differences between Rab1 and Rab11 TRAPP core binding interactions. 

(A) Superposition comparing the structure of TRAPPII-bound Rab11/Ypt32 (this study) to 
TRAPP core-bound Rab1/Ypt1 (22). (B) Superposition comparing the structure of TRAPPII-
bound Rab11/Ypt32 (this study) to TRAPPIII bound Rab1/Ypt1 (25). (C-F) Comparison of the 
surfaces of Rab11/Ypt32 and Rab1/Ypt1 to highlight the electrostatic differences (C,E) of 
sequences (D,F) located near the TRAPP-core binding site of each Rab. (G) Sequence of the region 
used in the Ypt31-Ypt1 graft chimera construct used for experiments shown in Fig. 2, F and G. 
(H) Close-up of the interaction between the Rab11/Ypt32 HVD (orange) and the Trs31 core 
subunit in TRAPPII (yellow). CryoEM density of the HVD is shown in white with black outline. 
(I) Alignments of the Rab1 and Rab11 HVD regions are aligned to each other using the Rab1/Ypt1 
and Rab11/Ypt32 binding-sites on Trs31 (blue line) as a structural alignment reference. The CIM 
motifs required for prenylation are indicated. 
 

 

https://paperpile.com/c/4vUwLy/UgSf
https://paperpile.com/c/4vUwLy/ojNHd


 
 

 

 

 



 
 

 

Fig. S9. Western blot analysis of Rab11/Ypt32 mutants and localization of Trs120 and 

Rab11/Ypt32 mutants.  

(A) Immunoblot to confirm expression of the mutants shown in Fig. 3E. (B) Immunoblot to 
confirm expression of the HA-tagged Trs120 and loop mutants shown in Fig. 3F. (C) Imaging data 
using Trs120-mNeonGreen constructs indicating that the Trs120 loop deletion constructs are 
expressed and localized similar to the wild-type. (D) Localization of an extra copy of wild-type 
and mutant mNeonGreen-Rab11/Ypt32 constructs in yeast. Colocalization with Sec7-marked late-
Golgi compartments is indicative of active Rab11/Ypt32. Scale bars shown in (C) and (D) are 
2µm. 
  



 
 

 

 



 
 

 

Fig. S10. Distinct interactions between Tca17 and the core in the open and closed states.  

(A,B) Close-up view of the interactions between Tca17 and the core subunits Trs33 and Bet3 in 
the closed state. (C,D) Close-up view of the interactions between Tca17 and Trs33 in the open 
state. Note that Trs33 F184 corresponds to the residue position of a substitution mutation in human 
TRAPPC6A that is associated with a neurodevelopmental syndrome (39) (the disease allele results 
in a TRAPPC6A Y93N substitution according to the UNIPROT database sequence of the human 
protein). (E,F) Conservation analysis of Tca17, indicating the interaction sites. (G,H) 
Conservation analysis of Trs33. (I) Conservation analysis of Bet3. 
  

https://paperpile.com/c/4vUwLy/m1e6w


 
 

 

 

Table S1. CryoEM data collection and model validation statistics for TRAPPII-

Rab11/Ypt32 complex. 

 Closed/closed state Closed/open state 

  Symmetric 

dimer 

(composite 

structure) 
(EMD-

26254) 
(PDB 7U05) 

Symmetric 

dimer 

(consensus 

map) (EMD-

26221) 

Closed 

monomer 
(EMD-

26223) 

Asymmetric 

dimer state A 

(composite 

structure) 
(EMD-26255) 
(PDB 7U06) 

Asymmetric 

dimer state 

A (consensus 

map)  

(EMD-

26233) 

Open 

monomer 
(EMD-

26234) 

Closed 

monomer 

from 

asymmetric 

dimer state 

A 
(EMD-

26235) 
Data collection 

and processing 

 

Magnification   63000 

Voltage (kV) 200 

Electron exposure 

(e–/Å2) 
53.2 

Defocus range 

(μm) 
-0.8 to -2.5 

Pixel size (Å) 1.24 

Total number of 

movies 

4998 

Symmetry 

imposed 
C2 C2 C1 C1 C1 C1 C1 

Initial particle 

images (no.) 
524,578 524,578 524,578 524,578 524,578 524,578 524,578 

Final particle 

images (no.) 
NA 163,758 369,488 NA 74,313 149,906 74,313 

Map resolution 

(Å) 
FSC threshold 

(0.143) 

NA 4.1 3.7 NA 4.5 4.2 4.2 

Map resolution 

range (Å) 
NA 3.7 - 12.9 3.5 - 9.7 NA 4 - 15.1 4 - 10.7 4 - 11.5 

                

Refinement               

Initial model used 

(PDB code) 
3CUE, 
3RWO, 
3PR6 

    3CUE, 3RWO, 
3PR6 

      

Model resolution 

(Å) 
FSC threshold 

(0.5) 

3.5     3.8       



 
 

 

Map sharpening 

B factor (Å2) 
NA -94 -81 NA -92 -77 -87 

Model 

composition 
Non-hydrogen 

atoms 
Protein residues 

Ligands 

  
 

65,598 
 

8,350 
PLM: 4 

      
 

63,860 
 

8,151 
PLM: 4 

      

B factors (Å2) 
 Protein 
 Ligand 

  
104.00 
92.49 

      
109.33 
92.93 

      

R.m.s. deviations 
Bond lengths (Å) 
Bond angles (°) 

  
0.004 
0.818 

      
0.004 
0.824 

      

 Validation 
MolProbity score 

Clashscore 
Poor rotamers 

(%)   

  
1.74 
4.22 
0.06 

      
1.80 
4.95 
0.03 

      

 Ramachandran 

plot 
Favored (%) 
Allowed (%) 

Disallowed (%) 

  
 

90.61 
9.28 
0.11 

      
 

90.28 
9.57 
0.15 

      

 

 
  



 
 

 

Table S2. CryoEM data collection and map statistics for TRAPPII-only complex. 

  Closed/open state 

(consensus map)  

(EMD-26269) 

Closed/closed state 

(consensus map)  

(EMD-26270) 

Partially open/open 

state (consensus 

map)  

(EMD-26271) 

Closed/Partially open 

(consensus map)  

(EMD-26272) 

Data collection and 

processing 

 

Magnification   63000 

Voltage (kV) 200 

Electron exposure 

(e–/Å2) 

54 

Defocus range (μm) -0.8 to -2.5 

Pixel size (Å) 1.24 

Total number of 

movies 

3333 

Symmetry imposed C1 C2 C1 C1 

Initial particle 

images (no.) 

303,062 303,062 303,062 303,062 

Final particle 

images (no.) 

74,161 86,954 67,647 74,300 

Map resolution (Å) 

FSC threshold 

(0.143) 

4.7 4.2 4.9 4.9 

Map resolution 

range (Å) 

3.1 - 30 3.1 - 12 3.1 - 15.7 3.1 - 13.9 

Map sharpening B 

factor (Å2) 

-120.1 -108.7 -153.7 -154 
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Table S3. Strains and plasmids used in this study. 

Yeast strains Reference/Source 

CFY1904: MATa his3-D1 leu2-D0 met15-D0 ura3-D0 Trs130-TAP::HIS3 Dharmacon (cat# YSC1178-
202232849) 

CFY2449: SEY6210.1 Trs85-mNeonGreen::HIS3 (19) 

CFY1638: SEY6210.1 ypt31D::KanMX ypt32D::KanMX::NatMX + VSB283 (13) 

CFY1992: SEY6210.5 trs120∆::HIS3/TRS120 (13) 

CFY2148: SEY6210.1 trs120∆::HIS3 + pCF1285 This study 

CFY2451: SEY6210.1 Trs130-mNeonGreen::HIS3 (21) 

CFY1993: SEY6210.5 trs130∆::HIS3/TRS130 (13) 

CFY2150: SEY6210.1 trs130∆::HIS3 + pCF1286 This study 

CFY4633: SEY6210.1 trs130∆::HIS3 + pSB12 This study 

CFY4634: SEY6210.1 trs130∆::HIS3 + pSB13 This study 

CFY1681: SEY6210.1 Sec7-6xDsRed::URA3 (7) 

    
Plasmids Source 

pGEX-6P-GST-Ypt32-His7 A. Bretscher (Cornell 
University, Ithaca, NY) 

pLT77: pRS416-mRFPmars-Ypt1(D124N)-Fis1 (23) 

pLT75: pRS415-mRFPmars-Ypt31(D129N)-Fis1 (23) 

pSB1 (Ypt31-Ypt1 chimera): pRS415-mRFPmars-
Ypt31(112RENADD>DRYATS)-Fis1 

This paper 

pLT116: pRS415-mNeonGreen-Ypt32 (23) 

pSB2: pRS415-mNeonGreen-Ypt32(139DE>RK) This paper 

pSB2: pRS415-mNeonGreen-Ypt32(R134A) This paper 

pSB2: pRS415-mNeonGreen-Ypt32(R134A; 139DE>RK) This paper 

pSB2: pRS415-Trs120-mNeonGreen-3XHA This paper 

pSB2 (Trs120(loopIΔ)): pRS415-Trs120(Δ696-704+GS)-mNeonGreen-3XHA This paper 

pSB3 (Trs120(loopIIΔ)): pRS415-Trs120(Δ901-910+GSGSG)-mNeonGreen-
3XHA 

This paper 

pSB4 (Trs120(loopIIIΔ)): pRS415-Trs120(Δ1093-1110+GSGS)-
mNeonGreen-3XHA 

This paper 

pSB5 (Trs120(loopII,IIIΔ)): pRS415-Trs120(Δ901-910+GSGSG; Δ1093-
1110+GSGS)-mNeonGreen-3XHA 

This paper 

pSB6 (Trs120(loopIΔI,II,IIIΔ)): pRS415-Trs120(Δ696-704+GS; Δ901-
910+GSGSG; Δ1093-1110+GSGS)-mNeonGreen-3XHA 

This paper 

pLT85: pRS415-mRFPmars-Ypt32(D129N)-Fis1 (23) 

pSB7: pRS415-mRFPmars-Ypt32(D129N; 139DE>RK)-Fis1 This paper 

pSB8: pRS415-mNeonGreen-Ypt32(Δ208-215) This paper 
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pSB9: pRS415-mNeonGreen-Ypt32(Δ208-215+GSGSSGSG) This paper 

pSB10: pRS415-mRFPmars-Ypt32(D129N; Δ208-215)-Fis1 This paper 

pSB11: pRS415-mRFPmars-Ypt32(D129N; Δ208-215+GSGSSGSG)-Fis1 This paper 

pSB12: pRS415-Trs130-mNeonGreen-3XHA This paper 

pSB13: pRS415-Trs130(Δ201-340)-mNeonGreen-3XHA This paper 

VSB283: pRS416-Ypt31 (13) 

pCF1286: pRS416-Trs130 This paper 

pCF1285: pRS416-Trs120 This paper 

pRS415 (54) 
pRS416  (54) 
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Movie S1. Mechanism of activation of Rab11/Ypt32 by the TRAPPII complex. 

Coloring is the same as in Fig. 1. At the beginning of the movie, a TRAPPII monomer in the closed 
conformation is viewed from the side. The movie then shows a “morph” transition to the open 
conformation. In the next stage, GDP-bound Rab11/Ypt32 diffuses into the active site chamber 
and binds to the catalytic core. The structure then transitions back to the closed conformation, 
triggering conformational change of Rab11/Ypt32 and GDP release. GTP then binds to 
Rab11/Ypt32, as the concentration of GTP is significantly higher than the concentration of GDP 
within cells. GTP-binding triggers another conformational change of Rab11/Ypt32 to its active 
state. This conformation of Rab11/Ypt32 is incompatible with stable binding to the core. 
Transition to the open state of TRAPPII enables activated GTP-bound Rab11/Ypt32 to diffuse 
away from the active site chamber, and this TRAPPII monomer is available for another round of 
nucleotide exchange. This movie was made using Chimera. Note that morphing transitions are for 
illustrative purposes and do not necessarily represent the actual conformation transition pathways. 
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