
Supplementary Materials and Methods 

 

Chemical reagents 

The following chemicals were used: Bafilomycin (Sigma B1973) – 100µM stock solution in DMSO, 

working concentration 100nM; Z-VLL-CHO (Abcam Ab146640) - 10mM stock solution in DMSO, 

working concentration 5 M; proteinase K (Sigma p7850).  

 

Antibodies 

The following commercial antibodies were used: Npro SFTPC (Abcam Ab90716 / Santa Cruz SC-

7706); BRICHOS domain SFTPC (Abgent AP13684b); HA tag (Cell Signalling SC3724); GFP 

(Abcam Ab1218); Ubiquitin (Cayman Chemical FK2); transferrin receptor (TfnR) (BD bioscience 

BD-555534); cation-dependent mannose -6-phosphate receptor (CDMPR) (Ab2733); MICAL-L1 

(Novus H00085377); GGA3 (BD Bioscience BD612310); AP2 (Novus NB300-721); Ube2N (Abcam 

Ab109286); HLA (Abcam Ab134189); actin (Abcam Ab3280); GAPDH (Cell signalling 2118 / Merk 

Millipore MAB374); HTII-280 (Terrace Biotech TB-27AHT2-280); E-cadherin (BD Bioscience 

BD610182).  The Hrs, GGA1 and GGA2 antibodies were kind gifts from the Robinson lab 

(Cambridge, UK) [1].  The following secondary antibodies were used: IRdye 680/800CW anti-

rabbit/mouse 680/800 (LiCor); donkey/ goat anti mouse/ rabbit/ goat AF405/488/594/647 conjugated 

antibodies (Invitrogen).  

 

Expression vectors 

pcDNA-SFTPC, pcDNA-HA-SFTPC and peGFP-SFTPC WT/I73T expression vectors were kind gifts 

from Professor Mike Beers [2].  The K6R and I73A variants were derived by site directed 

mutagenesis. HaloTag®-SFTPC, peGFP-SFTPC-linker-HaloTag and internally tagged SFTPC 

constructs were made either by Gibson assembly or by PCR using oligonucleotides incorporating tag 

sequences.  The Str-KDEL_TfnR-SBP-mCherry/CD-MPR-SBP-mCherry plasmids were a kind gift 

from David Gershlick (Cambridge, UK) [3]. The Str-Ii_SBP-eGFP-SFTPC constructs were made by 

Gibson assembly using the Str-Ii_SBP-eGFP-Golgin84 starting plasmid (Addgene 65303). Vectors 

for CRISPR/Cas9 gene editing were generated using the Zhang protocol[4].  A suitable Ube2N guide 

sequence was selected from the Brunello library [5] (CCTCAAAGGGGGAATCCTGA) and cloned 

into the pSpCas9(BB)-2A-mCherry vector which was a kind gift from the Ron lab (Cambridge, UK) 

[6].  

 

Cell lines and siRNA 

mStrawberry-Rab8 HeLa cells, originally made by Andrew Peden (Sheffield, UK) were a kind gift 

from Matthew Seaman (Cambridge, UK) [7]; The AP2 knockout HeLa pool were a gift from the 

Bonifacino lab (NIH, USA) [3] and GGA2 knock-sideways HeLa cells a gift from the Robinson lab 

(Cambridge, UK) [8]. siRNAs (Dharmacon) were introduced by reverse transfection using 

RNAiMAX (Thermofisher) for 24 hours before refreshing the media: Hrs 

(UUUACCUCCACUUGUCUCUdTdT); GGA1 (J-013694-08; CACAGGAGUGGGAGGCGAU); 

GGA2 (J-012908-11; UGAAUUAUGUUUCGCAGAA); GGA3 (J-012881-11; 

UGUGACAGCCUACGAUAAA).  Control siRNA was acquired from Ambion (Texas, USA). 

 

Western blotting and immunofluorescence 

Triton lysis, SDS-PAGE electrophoresis followed by immunoblotting and immunofluorescence of 

immortalised cells were performed as previously described [9] [10].  

Paraffin embedded tissue was deparaffinised and rehydrated using xylene (3x5min) and EtOH (2 

minutes each of 100%, 70%, 50%, 0%) then antigen retrieval undertaken by boiling in 10mM sodium 



citrate, 0.05% tween20 pH 6.0 for 10 minutes.  Samples were blocked with 1% BSA then incubated 

overnight with primary antibody at 4°C then secondary antibody diluted 1:500 for 1 hour at room 

temperature. Hoechst (Invitrogen) 1:5000 was added to the penultimate wash before mounting with 

Prolong Gold Antifade (Thermofisher).  

Blots were developed using a LiCor Odyssey and all imaging undertaken on an LSM880 confocal 

microscope. 

 

Immunoprecipitation 

Briefly, for SFTPC immunoprecipitation 30µl Sepharose A bead slurry (Lifetech 10-1041) were 

bound to a 2µl non-specific Rb IgG (Ab37415) or 1µg SFTPC Ab (Ab90716) per sample for 1 hour at 

4°C.  Cells were lysed in 1% Triton lysis buffer before normalised amounts of protein were precleared 

then transferred to the IP beads and incubated overnight at 4°C.  Protein was eluted into SDS loading 

buffer.  GFP-Trap®-magnetic agarose beads (Chromotek) were used following the manufacturer’s 

protocol and the recommended 0.5% NP-40 lysis buffer.  Samples were incubated with beads for 1 

hour before washing in RIPA buffer to minimise non-specific binding.   

 

Proteinase K assay 

HeLa cells stably expressing GFP-SFTPC-WT or GFP-SFTPC-I73T were resuspended in PBS with 

calcium/magnesium.  Proteinase K (Sigma p7850) was added on ice for 1 hour then inhibited with 

5mM PMSF before proceeding to cell lysis.   

 

O-Glycosylation assay 

Lysates from cells stably expressing GFP-SFTPC-WT or GFP-SFTPC-I73T were heated with 1x New 

England Biolabs (NEB) glycoprotein denaturing buffer to 100°C for 10 minutes the treated with 

neuraminidase (NEB 0720) or  O-glycosidase (NEB 0733) at 37°C for 4 hours in appropriate NEB 

buffers. 

 

Flow cytometry 

Cells were detached using 10mM EDTA, washed with cold PBS, blocked with 10% FBS for 30 

minutes then incubated with the relevant primary antibody (30 minutes at 4°C) and AF647-conjugated 

secondary (30 minutes at 4°C). Cells were fixed with 4% PFA then analysed with a BD FACSCalibur 

and FlowJo, normalising results to the mode.  For the quantitative antibody feeding assay, cells were 

detached using EDTA and resuspended in ice cold media for labelling with primary antibody on ice 

for 30 minutes.  Cells were pelleted and washed with ice cold PBS before being aliquoted and 

resuspended in cold media.  Cold media was replaced with warmed media at the point of returning 

samples to the incubator for the indicated time periods. At the end of internalisation cells were placed 

back on ice, washed with cold PBS and incubated with AF647-conjugated secondary antibody at 4°C 

for 30minutes.  Cells were washed again with cold PBS then fixed with 4% PFA and analysed.  

 

Live cell assays and imaging 

Imaging was undertaken on an LSM880 confocal microscope or Zeiss Airyscan using Zen black 

software. 

RUSH imaging: Cells were transfected with 2.5µg RUSH vectors 48 hours before imaging. 

585   biotin was added to warm tissue culture media and used to replace the media.  For real-time 

video imaging, a 2x biotin stock was prepared in warm culture media which was added to cells in situ 

before imaging.   

Knocksideways assays: GGA2-mito HeLa cells were transfected with 10nM siRNA GGA1-3, 

incubated for 24 hours then transfected with 3µg SBP-GFP-SFTPC RUSH vectors. 48 hours after 



transfection, cells were treated ± 200nM rapamycin to knock GGA2 sideways, then treated ± 585 M 

biotin for 2 hours before fixing and imaging.   

HaloTag labelling: Cells expressing HaloTag fusion proteins were labelled using TMR ligand 

(Promega) diluted 1:5000 for 10 minutes, washed x3 with media, incubated for 30minutes then fixed 

and imaged.   

Antibody feeding was undertaken by incubating live cells grown on coverslips with the relevant 

primary antibody diluted in tissue culture media on ice, typically for 30 minutes followed by washing 

with ice cold PBS.  For microscopy, labelled cells were transferred to 37°C for the indicated times 

before being placed back on ice, then fixed with 4% PFA but not permeabilised.  Remaining cell 

surface protein was labelled with an AF405-conjugated secondary before permeabilising and blocking 

with 0.1% Triton-X + 10% FBS. An AF594-conjugated antibody was then used to label internalised 

protein before being washed, stained with DAPI (1:1000 in PBS) and mounted.  

 

Mass spectrometry 

Lysates from GFP-SFTPC-expressing HeLas were subjected to anti-GFP immunoprecipitation and 

eluates separated by SDS-PAGE electrophoresis. Bands were excised, subjected to trypsin digest and 

run on a Q Exactive Plus spectrometer.  Data were processed using PEAKS Studio (version 8.0, 

Bioinformatics Solutions Inc.) and PTM coverage images exported from the results of the PEAKS 

Spider stage. A custom R script plotted the coverage of each residue as a percentage of total protein 

coverage, weighted taking into account the relative abundance (area under the curve) for each peptide.  

The horizontal dashed line (fig s1C) represents predicted even coverage.  
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