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ESCRT-I knock-in cell lines

(A) Tsg101 sgRNA target site

M A V S E S Q L K K M VvV *s K TsglOl exon 1
cggccgtcatggecggtgtcggagageccagectcaagaaaatggtgt*ccaaggtgaggetyg genomic DNA
GCTCAAGAAAATGGTGT*CCAAGG sSgRNA

(B) GFP-Tsg101 HDR template sequence

5’ homology region, PuroR, P2A, EGFP, 3’ homology region (with silent mutations)

Gggtgggtacagaggagaaattctgacttacggaatgatttcctggagaagaaattactatctggcttcttgtgaaacaaaggctctacacttta
cccttgccaacgtatagtatgaaggtctttaagcttaaaaaaaatcattaattagaggaccactgggcatcatctaaggcaagtgtatgacttta
gagtcgggagaaatttgcgcctgagctagaaatgcactagectaccattatcacaagagcaagtcagtgacagaacagttctctgaccgeccagtyg
cagtgccctcccacttgatcaatcagtcattaaggctcactggcaagecccttegtacttettecctetecggecactagettececttaagtecgacte
tgtgaaatacctgctaatcttatcctgaaccagagtttcgaccctcggaacagtcttgecccacatctttgggacccgattecgtecctgetgattcee
ggcactcgaggggcgggttggttggaacccaccccaccaggeccctcectcaateccacacggtgtccaccecttgeccgcaggacggecggecccggaa
gtgacgtagtggaagcggaagtggtgtagtggtgeccgacttectgttgtttgaggecgggttgggggtgtgegattgtgtgggacggtetgggge
agcccagcagcggctgaccctcectgectgecggggaagggagtecgeccaggecggecgtcatgaccgagtacaagecccacggtgecgectegeccaccecge
gacgacgtccccagggccgtacgcaccectcecgecgecgegttegecgactaceccegecacgegecacaccgtecgateccggaccgecacatcgageg
ggtcaccgagctgcaagaactcttcctcacgecgegtecgggetcgacatecggcaaggtgtgggtegeggacgacggegeggecgtggeggtetgga
ccacgccggagagcgtcgaagecgggggcggtgttecgecgagatcggeccgegcatggecgagttgagecggtteccggectggeccgegcagcaacag
atggaaggcctcctggegecgcacecggcccaaggageccgegtggttectggecaccgteggagtetegececgaccaccagggcaagggtetggg
cagcgccgtcegtgetecceccggagtggaggeggececgagegegecggggtgecegecttecctggagacctecgegeecegecaacctececttetacyg
agcggctcggcttcaccgtcaccgccgacgtcgaggtgecccgaaggaccgecgecacctggtgcatgaccecgcaageccggtgecggcagcecggcgece
accaacttcagcctgctgaagcaggcecggcgacgtggaggagaacccecggecccatggtgagcaagggecgaggagetgttcacecggggtggtgee
catcctggtcgagctggacggcgacgtaaacggccacaagttcagecgtgteccggecgagggcgagggcgatgeccacctacggcaagctgacectga
agttcatctgcaccaccggcaagctgceccecgtgeccctggeccaccctegtgaccaccctgacctacggegtgcagtgettcageecgetacecececgac
cacatgaagcagcacgacttcttcaagtccgeccatgecccgaaggctacgtccaggagegcaccatcttecttcaaggacgacggcaactacaagac
ccgcgccgaggtgaagttcgagggcgacaccctggtgaaccgcatcgagectgaagggcatcgacttcaaggaggacggcaacatcctggggecaca
agctggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgeccacaacatc
gaggacggcagcgtgcagctcgccgaccactaccagcagaacacccccatecggegacggeccecgtgetgetgeccgacaaccactacctgageac
ccagtccgccctgagcaaagaccccaacgagaagcgcgatcacatggtecctgectggagttecgtgaccgecgecgggatcactectecggecatggacyg
agctgtacaagtccggaatggcggtgtcggagagccagctcaaaaagatggtcagcaaggtgaggctgecgacgegectcgecctcccagggegegec
caccgctcccttececgegecctgtecgagtececgtccecggeccagecaagcaagecttcccagacgggecggaageccecggtgecagtecttagegaccet
cctcagaaccccgecccgaggecgectgtegectggtgecgggaateccececgtacgggagetgggagggtgggggacggcgacagtcaacaaaggegt
ggagcggaggctacctgacacctgccgcccacccgecctectectctteccactgagtttggagetgtectgtggggcagtgtagtttttegtttgtt
tttataaacacaaacaagggatcatacttagttgtagatctgaggcaatcctctactcctgtcccaatctagggateccteccagtecttagecttte
ttttgccgacccgcagagagtgtggecttttcagttttgtattctccagaaaagaagcgaaaataccagtcceccttactgecccaggtgaaataca
taccattaccatttcagggattttctaagagtaactacttttaagtgtatgcttcttataacgecgtatttatttgectttgagecttaatttatgat
cttcacggctcaag

Figure S1. Guide RNA and HDR donor template sequences for GFP-Tsg101 knock-in. (A)
Tsg101 sgRNA and its target site in Tsg101 Exon 1. The protospacer sequence is underlined and the
protospacer adjacent motif (PAM) is italicized. The Cas9 nuclease cuts the DNA 3-4 nucleotides
upstream of the PAM (*). (B) Annotated sequence of the GFP-Tsg101 HDR template, containing a
PuroR-P2A-EGFP cassette flanked by homology regions matching the genomic DNA on either side of
the target site.
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WT ATGGCGGTGTCGGAGAGCCAGCTCAAGAAAATGGTGT *CCAAGGTGAGGCTGCGACGCGCTCGCCTCCCAG (*) sgRNA
reference M A V S E S Q L K K M V * K target site.
sequence Translation:
Tsgl01l
Exon 1.
Kl HeLa A | ATGGCGGTGTCGGAGAGCCAGCTCAAGA* TGAGGCTGCGACGCGCTCGCCTCCCAG *15nt
M A V S E S Q L K M R L R R A R L P deletion
Illlllllllllllllllllll?llllIlllll::a]llllllllllIllrlllll removes
; splice site.
Kl HeLa B | ATGGCGGTGTCGGAGAGCCAGCTCAAGAAAATGGTGTGCCAAGGTGAGGCTGCGACGCGCTCGCCTCCCAG 1nt
M A V S E S Q L K K MV CQGEA A ATIU R S P P insertion
III3=D--IIIIIllaaﬂIIIIIIIIlaaﬂlllIIIIII3=D_-,.,-_lll-II-I-II-EZDII-IIIII-B:DIIIlll- causes
A GGC GG G CGG6 L6 AGC CRAGEC CRARG ARALR G cCCh T T G GCC CCCLRG
frameshift.

Kl Jurkat |ATGGCGGTGTCGGAGAGCCAGCTCAAGAAAATGGTGTAGCCCCCAAGGTGAGGCTGCGACGCGCTCGCCTCCCAG |5 nt

A MAVSESQLKKMV— insertion
lll!!ll-l l!llllllaéﬂ-llllllllai],ll!!l!llaéjlIIIIIIII:IIIIIIIIIIIIIIII!!!!Illlll intl’oduces

X ' premature
stop codon.

Kl Jurkat |ATGGCGGTGTCGGAGAGCCAGCTCAAGAAAATGGTGTAGCCCCCAAGGTGAGGCTGCGACGCGCTCGCCTCCCAG |5 nt

B MAVSESQLKKMV— insertion
lll!,!zaig!-,:zn-!-33]---Il,l -32]!-l IIIIIIEIIIIIIIIIIIIII L] llI!llll,!,,llllll introduCeS

) T T e ’ o premature
stop codon.

Figure S2. GFP-Tsg101 knock-in cell lines have knockout indels on their untagged Tsgl101 alleles.
To sequence the non-knock-in alleles of Tsg101, PCR was performed on genomic DNA of the knock-in
cell lines with primers that anneal to the genomic DNA on either side of the Tsg101 target site. The
primers could also anneal to a knock-in allele, but that would give a much larger PCR amplicon, which
was excluded by limiting the extension time and by gel-purifying the band at the predicted size for a
non-knock-in allele. Sanger sequencing of the PCR products showed indels that knock-out expression of
Tsgl01. The indels, and their effects on the translated protein sequence, are indicated in red. This
confirms that the knock-in cell lines have no functional alleles for untagged Tsg101.
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(A) 5’ knock-in junction
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Figure S3. GFP-Tsg101 knock-in alleles show precise insertion. (A) 5° and (B) 3’ homology
junctions of the K1 alleles were amplified by PCR from genomic DNA, analyzed by Sanger
sequencing, and compared to the human genome reference sequence, donor plasmid sequence, and
sequences from the parental (WT) cell lines. Non-coding regions (5’UTR and intron) are shown in
black/white text, Tsg101 exon 1 in blue, PuroR in red, and GFP in green. The results show precise
integration of the PuroR-P2A-GFP insert, with no abnormalities except for several single-nucleotide
polymorphisms in non-coding regions, some of which were also found in the parental lines. The
discrepancies in the Tsg101 coding sequence in the alignment are the silent mutations intentionally
introduced to the donor plasmid to prevent CRISPR from cutting the knock-in allele.
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Figure S4. GFP-Tsg101 knock-in cell lines express GFP-Tsg101 with no free GFP. Western
blotting for GFP in cell lysates showed that all GFP in the K1 cell lines was the GFP-Tsg101 fusion
protein, with no free GFP detected. The additional bands, which were detected in the wild-type (WT)
parental lines as well as in the GFP-Tsg101 KI lines, represent nonspecific binding of the antibody.
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Figure S5. Viral release assays performed via transduction confirm that HIV-1 release and its
dependence on Tsg101 are not disrupted in GFP-Tsg101 Kl cell lines. As an alternative approach
for assessing HIV-1 particle release, HeLa and Jurkat cells were transduced as described in the
methods. (A) Virus release assays, as described in Fig. 5. (B) Virus release efficiencies (VRE) for WT
p6 virus, calculated as in Fig. 5, normalized to the results for the WT parental cell lines; n = 3, £ s.d.
(C) VRE for WT p6 or PTAP- virus, normalized to the results for WT p6; n = 3, £ s.d.
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Figure S6. GFP-Tsg101 knock-in cell lines have not upregulated ALIX. The ESCRT-associated
protein ALIX serves as an alternate arm of recruitment for ESCRT-1II, bypassing ESCRT-I, such that
ALIX overexpression can rescue some of the defects caused by loss of Tsg101 function. Western
blotting for ALIX in cell lysates showed that the GFP-Tsg101 KI cell lines do not overexpress ALIX as
compared to the WT parental lines, helping to rule out the possibility that the KI cells could be relying
on ALIX in place of Tsg101.
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Figure S7. Single-step photobleaching of single GFP molecules to determine GFP photon counts
per molecule. Recombinantly produced and affinity-purified GFP protein was placed on coverslips and
imaged by TIRF-M under the same conditions as for the HIV-1 particles in Fig. 6C. Photobleaching
events were acquired at 5 fps. (A-C) Examples of single-step photobleaching of GFP, with normalized
fluorescence intensities plotted in time; red arrows indicate photobleaching events. Single-step
photobleaching demonstrates that the GFP particles imaged represent single molecules of GFP. (D)
The distribution of single molecule GFP photon counts was fit to an exponential curve to calculate
upper and lower bounds (+ 1 s.d.) around the mean: single GFP molecule = 231-389 photons. These
upper and lower bounds for the numbers of photon counts per GFP molecule were used to calculate the
lower and upper bounds respectively for the numbers of GFP molecules per HIV-1 particle in Fig. 6D.




