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1. General information 

Synthetic DNA was purchased as gBlocks (Integrated DNA Technologies).  

Sanger sequencing of constructs was performed by Genewiz or Eton Biosciences.  

Protein sequences determined by in-gel digestion and LC/MS/MS analysis of bands extracted from 

SDS-PAGE gels was conducted by the Taplin Mass Spectrometry Facility at Harvard Medical School. 

 

2. Strain construction 

Table S2.1. List of strains used in this study. Sequences of plasmids and genomic inserts are included in the accompanying 

SI file. 

Name Construct Description 

CEN.PK2-1D n/a S. cerevisiae strain obtained from Euroscarf 

Enc pENC1 pENC1 transformed into CEN.PK2-1D 

Enc-mN-TP pENC2 pENC2 transformed into CEN.PK2-1D, used 
only for demonstrating co-purification by 
SDS-PAGE  

Enc-mNPEST-TP pENC3 pENC3 transformed into CEN.PK2-1D, used 
only for demonstrating co-purification by 
SDS-PAGE  

Enc-Venus pENC4 pENC4 transformed into CEN.PK2-1D, used 
only for demonstrating co-purification by 
SDS-PAGE  

Enc+mNPEST-TP pENC1 and TDH3p-mNeon-
PEST-TP-SYNt-KanMX4 

Enc with integrated mNPEST-TP for protein 
stabilization studies 

Enc+mNPEST pENC1 and TDH3p-mNeon-
PEST-SYNt-KanMX4 

Enc with integrated mNPEST as negative 
control for protein stabilization studies 

Enc+Ven-TP pENC1 and TDH3p-VenN-TP-
ENO2t-TEF1p-VenC-TP-SYNt-
KanMX4 

Enc with integrated split-Venus for protein 
co-localization studies 

Enc+Ven-NoTPN pENC1 and TDH3p-VenN-ENO2t-
TEF1p-VenC-TP-SYNt-KanMX4 

Enc with integrated split-Venus with no TP 
for Ven-N as negative control for protein 
co-localization studies 

Enc+Ven-NoTPC pENC1 and TDH3p-VenN-TP-
ENO2t-TEF1p-VenC-SYNt-
KanMX4 

Enc with integrated split-Venus with no TP 
for Ven-C as negative control for protein co-
localization studies 

Empty+Ven-TP pAG423GAL-ccdB and TDH3p-
VenN-TP-ENO2t-TEF1p-VenC-
TP-SYNt-KanMX4 

Enc with integrated split-Venus with no 
EncA gene as negative control for protein 
co-localization studies 

Enc+ARO10-TP pENC1 and TEF1p-ARO10-TP-
SYNt-KanMX4 

Enc with integrated ARO10-TP for 
enzymatic catalysis studies 

Enc+ARO10 pENC1 and TEF1p-ARO10-SYNt-
KanMX4 

Enc with integrated ARO10 as negative 
control for enzymatic catalysis studies 

 

 

 



3 
 

Information regarding cloned plasmids: 

Strains containing cargo proteins on a 2 ˃plasmid were used only for SDS-PAGE analysis, to maximize 

loading of the cargo into encapsulins and hence visibility on a gel. 

- pENC1 (EncA on 2  ˃plasmid) 

The encapsulin gene from Myxococcus xanthus was cloned into a 2˃ plasmid backbone pAG423GAL-

ccdB (Addgene #14149) digested with SpeI/XhoI, placing the gene between the GAL1 promoter and 

the CYC1 terminator. 

We note that the EncA protein used in this study was derived from the sequence found in the NCBI 

database entry MXAN_3556 for the encapsulin gene. McHugh et al.2 found that the native EncA 

protein is actually seven amino acids shorter than the NCBI annotation (GenBank CP000113.1). 

Nevertheless, we were still able to produce functional encapsulin with the additional seven amino 

acids present. 

- pENC2 (TDH3p + mNeon-TP + synthetic terminator on 2˃  plasmid) 

The TDH3 promoter and mNeonGreen-GGSGGS-TP construct was cloned into the backbone of 

plasmid pENC1 digested with EagI/PsiI. The synthetic terminator sequence was obtained from 

previous work by Guo and Sherman3. The targeting peptide (TP) sequence was obtained from the C-

terminus of the EncC protein (MXAN_4464) from M. xanthus. 

- pENC3 (TDH3p + mNeon-PEST-TP + synthetic terminator on 2˃ plasmid) 

The destabilized mNeon construct was cloned in an analogous manner to pENC2. The PEST sequence 

was derived from the C-terminal PEST motif of the CLN2 protein in yeast. 

- pENC4 (TDH3p + Ven1-TP + synthetic terminator and TEF1p + Ven2-TP + ENO2t on 2˃  

plasmid) 

The split-Venus constructs were cloned in an analogous manner to pENC3. The design of the split-

Venus system was obtained from previous work by Kodama and Hu4, using the VN155 (I152L) and 

VC155 constructs. 

 

Information regarding linear constructs for genomic integration: 

Strains where the cargo proteins were integrated as a single copy into the yeast genome were used 

for all fluorescence and enzymatic assays. 

The ARO10 constructs were codon re-optimized to avoid any chance of homologous recombination 

with the endogenous copy of ARO10.  

Sequences for the following linear constructs are included in the accompanying SI file: 

- mNPEST-TP (TDH3p-mNeon-PEST-TP-SYNt-KanMX4) 

- mNPEST (TDH3p-mNeon-PEST-SYNt-KanMX4) 

- Ven-TP (TDH3p-VenN-TP-ENO2t-TEF1p-VenC-TP-SYNt-KanMX4) 

- Ven-NoTPN (TDH3p-VenN-ENO2t-TEF1p-VenC-TP-SYNt-KanMX4) 

- Ven-NoTPC (TDH3p-VenN-TP-ENO2t-TEF1p-VenC-SYNt-KanMX4) 

- ARO10-TP (TEF1p-ARO10-TP-SYNt-KanMX4) 

- ARO10-NoTP (TEF1p-ARO10-SYNt-KanMX4) 
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3. Encapsulin expression and purification 

 

Figure S3.1. Example FPLC chromatograph of size exclusion, with the encapsulin peak at ~65-85 mL elution. 

 

Figure S3.2. Example FPLC chromatograph of ion exchange, with the encapsulin peak at ~145-170 mL. 

 

Media formulations: 

Synthetic defined His-dropout media (SD-His) ς 0.2% His-dropout mix, 0.67% yeast nitrogen base 

with ammonium sulfate, 2% D-glucose 

Induction media ς identical to synthetic defined His-dropout media, except replacing glucose with 

2% raffinose and 1% galactose  

 

Polyacrylamide gel electrophoresis (PAGE): 
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Figure S3.3. An induction band (position indicated by arrow) is clearly visible by SDS-PAGE for cells grown in galactose 

induction media. 

 

Figure S3.4. FPLC purification of encapsulins as analyzed by SDS-PAGE. SE = size-exclusion, IE = ion-exchange 

 

Figure S3.5. Native PAGE of empty encapsulins showing a high molecular weight band, but no in-gel fluorescence. 
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Figure S3.6. Native PAGE of encapsulin with mNeon-TP cargo showing accompanying in-gel fluorescence. 

 

Figure S3.7. Native PAGE of encapsulin with mNeon-PEST-TP cargo 

 

Figure S3.8. SDS-PAGE comparison of encapsulins co-expressed with ARO10-TP and ARO10 (no TP). ARO10 (73.2 kDa) only 

co-purifies with the encapsulin when the TP is present. We note that these samples were only purified by gel-filtration (and 

not subsequent ion-exchange). Also, as ARO10-TP is only present as a single copy, the band intensity is much lower than for 

examples where the cargo is expressed from a plasmid. 

 

Full uncropped gel images of the cropped gels from the main text figures: 

The full gel for Figures 1c, 2f, and 3f is shown in Figure S3.4. 
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Figure S3.9. Full uncropped gel corresponding to Figure 1b in the main text. 

 

Figure S3.10. Full uncropped gels corresponding to Figure 3e in the main text. 

 

4. Transmission electron microscopy 

 

Figure S4.1. An example of a low-magnification TEM image of encapsulin loaded with mNeon-TP, displaying 

monodispersity and uniformity across the sample. 

 






