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Supplementary Figures

Supplementary Figure 1 | Uncropped images for all gels and immunoblots depicted in the main
figures and Extended Data figures.

a, Coomassie gel from Fig. 1¢ depicting purified PVC complexes.

b, Immunoblot from Fig. 1e depicting Pdp1 and non-native payloads (GFP, Cre, and a ZFN) loaded
into PVC particles. Because Pvc12 (baseplate) is found in equal multiplicity between each PVC
complex, we also stained against this protein to serve as a loading control for this blot.

¢, Coomassie gel from Extended Data Fig. le verifying the importance of regulatory genes
(PAU RS16570-RS24015) in the recovery of PVC complexes from E. coli.

d, Immunoblot from Extended Data Fig. 1h showing that a structural component of the PVC
(Pvcl12) is still expressed in the absence of PAU RS16570-RS24015.

e, Immunoblots from Extended Data Fig. 4b used for dose determination in the experiment of
Extended Data Fig. 4a

f, Immunoblot from Extended Data Fig. 3¢ depicting the loading properties of truncated variants
of Pdpl. As in (b), Pvc12 was used as a loading control for this blot.

g, Immunoblot from Extended Data Fig. 3d depicting the loading properties of truncated variants
of Pnf. Note that because Pnf is more sparse in the sample than Pvcl2 or Pdpl, to visualize the
Pnf bands while avoiding signal saturation in the Pvc12 bands we used two different exposure
times for this figure; this is noted in the figure margins. As in (b) and (f), Pvc12 was also used as
a loading control for this blot.

h, Immunoblots from Extended Data Fig. 5b implicating the CTD of Pvcl3 as the target
recognition domain. Because our purification method removes unloaded proteins (see Extended
Data Fig. 3a), the presence of payload protein in all three conditions (shown via a separate Cre
blot) confirmed these samples all contained assembled PVC complexes.

i, Immunoblot from Extended Data Fig. 7b confirming the three negative control PVC designs

used throughout the study (Apvci3, truncated pvcl3, and Apvci0) still load payload proteins.
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Supplementary Tables

Supplementary Table 1 | Amino acid sequence of a PVC tail fiber retargeted with an expanded
host-range Ad5 knob domain.

e Pvcl3(NTD+shaft) - 2xGGSGG linker - Ad5 knob domain (with RGD and PK7

modifications) - 2xGGSGG linker - Pve13(CTD)

MNETRYNATVQEQQTLSNPKAVGPDIDKLKDKFKEGSIPLQTDFNELIDIADIGRKACGQAPQOQ
NGPGEGLKLADDGTLNLKIGTFSNKDFSPLILKDDVLSVDLGSGLTNETNGICVGQGDGITVNT
SNVAVKQGNGISVTSSGGVAVKVSANKGLSVDSSGVAVKVNTDKGISVDGNGVAVKVNTSKGIS
VDNTGVAVIANASKGISVDGSGVAVIANTSKGISVDGSGVAVIANTSKGISVDNTGVAVIANAS
KGISVDGSGVAVIANTSKGISVDGSGVAVIANTSKGISVDSSGVAVKVKANGGIKVDANGVAID
PNNVLPKGVIVMFSGSTAPTGWALCDGNNGTPNLIDRFILGGKGTDINGVSTNTASGTKNSKLF
DFSSDEATLTIDGKTLGRGGSGGGGSGGNDKLTLWTTPAPSPNCRLNAEKDAKLTLVLTKCGSQ
ILATVSVLAVKGSLAPISGTVQSAHLIIRFDENGVLLNNSFLDPEYWNFRNGDLTEGTAYTNAV
GFMPNLSAYPKSHGKTAKSNIVSQVYLNGDKTKPVTLTITLNGTQETGDTTACDCRGDCFCGPS
AYSMSFSWDWSGHNYINEIFATSSYTFSYIAQEGSGSGSGSGSKKKKKKKGGSGGGGSGGHDHD
IKITGTGKHSHKNKVTVPYYILAFIIKL

Supplementary Table 2 | Amino acid sequence of a PVC tail fiber retargeted with an anti-
EGFR DARPin.

e Pvcl3(NTD+shaft) - 2xGGSGG linker - EO1 anti-EGFR DARPin - 2xGGSGG linker -

Pvc13(CTD)

MNETRYNATVQEQQTLSNPKAVGPDIDKLKDKFKEGSIPLQTDFNELIDIADIGRKACGQAPQOQ
NGPGEGLKLADDGTLNLKIGTFSNKDFSPLILKDDVLSVDLGSGLTNETNGICVGQGDGITVNT
SNVAVKQGNGISVTSSGGVAVKVSANKGLSVDSSGVAVKVNTDKGISVDGNGVAVKVNTSKGIS
VDNTGVAVIANASKGISVDGSGVAVIANTSKGISVDGSGVAVIANTSKGISVDNTGVAVIANAS
KGISVDGSGVAVIANTSKGISVDGSGVAVIANTSKGISVDSSGVAVKVKANGGIKVDANGVAID
PNNVLPKGVIVMFSGSTAPTGWALCDGNNGTPNLIDRFILGGKGTDINGVSTNTASGTKNSKLF
DFSSDEATLTIDGKTLGRGGSGGGGSGGDLGKKLLEAARAGQDDEVRILMANGADVNADDTWGW
TPLHLAAYQGHLEIVEVLLKNGADVNAYDYIGWTPLHLAADGHLEIVEVLLKNGADVNASDYIG
DTPLHLAAHNGHLEIVEVLLKHGADVNAQDKFGKTAFDISIDNGNEDLAEILQGGSGGGGSGGH
DHDIKITGTGKHSHKNKVTVPYYILAFITKL



Supplementary Table 3 | Amino acid sequence of a PVC tail fiber retargeted with an anti-
MHCII nanobody (NDb).

e Pvcl3(NTD+shaft) - 6xGGSGG linker - VHH7 anti-MHCII Nb - 2xGGSGG linker -

Pvc13(CTD)

MNETRYNATVQEQQTLSNPKAVGPDIDKLKDKFKEGSIPLQTDFNELIDIADIGRKACGQAPQQ
NGPGEGLKLADDGTLNLKIGTFSNKDFSPLILKDDVLSVDLGSGLTNETNGICVGQGDGITVNT
SNVAVKQGNGISVTSSGGVAVKVSANKGLSVDSSGVAVKVNTDKGISVDGNGVAVKVNTSKGIS
VDNTGVAVIANASKGISVDGSGVAVIANTSKGISVDGSGVAVIANTSKGISVDNTGVAVIANAS
KGISVDGSGVAVIANTSKGISVDGSGVAVIANTSKGISVDSSGVAVKVKANGGIKVDANGVAID
PNNVLPKGVIVMFSGSTAPTGWALCDGNNGTPNLIDRFILGGKGTDINGVSTNTASGTKNSKLF
DFSSDEATLTIDGKTLGRGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGQVQLOESGGGLVQAGD
SLRLSCAASGRTFSRGVMGWFRRAPGKEREFVATIFSGSSWSGRSTYYSDSVKGRFTISRDNAKN
TVYLOQMNGLKPEDTAVYYCAAGYPEAYSAYGRESTYDYWGQGTQVTVSSGGSGGGGSGGHDHDI
KITGTGKHSHKNKVTVPYYILAFIIKL

Supplementary Table 4 | Amino acid sequence of a PVC tail fiber retargeted with an HA tag.
e Pvcl3(NTD+shaft) - IxGGSGG linker - HA tag - 1xGGSGG linker - Pve13(CTD)

MNETRYNATVQEQQTLSNPKAVGPDIDKLKDKFKEGSIPLQTDFNELIDIADIGRKACGQAPQQ
NGPGEGLKLADDGTLNLKIGTFSNKDFSPLILKDDVLSVDLGSGLTNETNGICVGQGDGITVNT
SNVAVKQGNGISVTSSGGVAVKVSANKGLSVDSSGVAVKVNTDKGISVDGNGVAVKVNTSKGIS
VDNTGVAVIANASKGISVDGSGVAVIANTSKGISVDGSGVAVIANTSKGISVDNTGVAVIANAS
KGISVDGSGVAVIANTSKGISVDGSGVAVIANTSKGISVDSSGVAVKVKANGGIKVDANGVAID
PNNVLPKGVIVMFSGSTAPTGWALCDGNNGTPNLIDRFILGGKGTDINGVSTNTASGTKNSKLF
DFSSDEATLTIDGKTLGRGGSGGYPYDVPDYAGGSGGHDHDIKITGTGKHSHKNKVTVPYYILA
FITKL



Supplementary Table 5 | Amino acid sequence of a protein payload (zinc finger deaminase)
modified for loading and delivery via a PVC.

e Pdpl NTD - 3xGGSGGQG linker - FLAG - SV40 NLS - ZFD
MPRYANYQINPKONTIKNSHGKSSSSDFSSGYLSFSNNSLDDPFIRQQVKREFIWEGHMKEIEEA
SRLGGSGGGGSGGGGSGGDYKDDDDKDMAPKKKRKVGIHGVPAAMGGSYALGPYQISAPQLPAY
NGQTVGTFYYVNDAGGLESKVFSSGGPTPYPNYANAGHVEGQSALFMRDNGISEGLVFHNNPEG
TCGFCVNMTETLLPENAKMTVVPPEGSGTPHEVGVYTLSGTPHEVGVYTLFQCRICMRKFATSG
SLTRHTKIHTGEKPFQCRICMRNFSRSDHLSTHIRTHTGEKPFACDICGRKFATSSNRTKHTKI
HTHPRAPTIPKPFQCRICMRNFSRSDNLSEHIRTHTGEKPFACDICGRKFAWHSSLRVHTKIHLR
SGGSTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSD
APEYKPWALVIQDSNGENKIKML

Supplementary Table 6 | Amino acid sequence of the PVC sheath protein (Pvc2) tagged with
FLAG for IF detection of PVC particles.

e FLAG-G-Pvc2
MDYKDDDDKGTTVTSYPGVYIEELNSLALSVSNSATAVPVFAVDEQNQYISEDNATIRINSWMDY
LNLIGNFNNEDKLDVSVRAYFANGGGYCYLVKTTSLEKIIPTLDDVTLLVAAGEDIKTTVDVLC
QOPGKGLFAVFDGPETELTINGAEEAKQAYTATPFAAVYYPWLKADWANIDIPPSAVMAGVYASV
DLSRGVWKAPANVALKGGLEPKFLVTDELQGEYNTGRAINMIRNFSNTGTTVWGARTLEDKDNW
RYVPVRRLFNSVERDIKRAMSFAMFEPNNQPTWERVRAATISNYLYSLWQOGGLAGSKEEDAYFV
QIGKGITMTQEQIDAGQMIVKVGLAAVRPAEFIILQFTQDVEQR



Supplementary Table 7 | Summary of plasmids used in this study (annotated GenBank files
provided in Supplementary Data 1).

ID
1

2

10

11

12

13

14

Plasmid name

pAWP78-PVCpnfl-16
pBR322-PVCpnf17-22
pBR322-PVCpnf18-21
pBR322-Pdpl NTD-Cre
pBR322-Pdpl NTD-Cas9

pBR322-Pdpl NTD-
ZFD L

pBR322-Pdpl NTD-
ZFD R

plEx4-Dio-GFP

pcDNA3-Dio-GFP

pIEx4-Cre

pcDNA3-Cre

py100-sgRNA hVEGFA
pAWP78-PVCpnfApvcl3

pAWP78-PVCpnfApvcl5

Type
pPVC

pPayload
pPayload
pPayload
pPayload

pPayload

pPayload

N/A

N/A

N/A

N/A

N/A
pPVC

pPVC

Source

This
work
This
work
This
work
This
work
This
work
This
work

This
work

This
work

This
work

This
work

This
work

This
work
This
work
This
work

Description

Unmodified pPVC; contains WT PVC
structural/accessory genes

Unmodified pPayload; contains WT
PVC payloads/regulatory genes
Contains only regulatory genes; for
generating empty PVCs

For loading Cre into PVCs; also
contains regulatory genes

For loading SpCas9 into PVCs; also
contains regulatory genes

For loading L half of zinc finger
deaminase targeting human TRAC locus
(ZFD_TRAC-NC-Left-G1397-

N DddA)? also contains regulatory
genes

For loading R half of zinc finger
deaminase targeting human TRAC locus
(ZFD_TRAC-NC-Right-G1397-

C DddA)*; also contains regulatory
genes

Cre reporter for insect cells; double-
floxxed-EGFP; generated using RV-
Cag-Dio-GFP?

Cre reporter for mammalian cells;
double-floxxed-EGFP; generated using
RV-Cag-Dio-GFP?

Expresses Cre in insect cells; positive
control for Cre-GFP assay; for threshold
setting in flow cytometry

Expresses Cre in mammalian cells;
positive control for Cre-GFP assay; for
threshold setting in flow cytometry
Expression of SpCas9 guide RNA
specific for human VEGFA locus
Produces PVCs lacking tail fibers

Produces PVCs lacking payloads by
elimination of the payload loader

(pvcl)b)



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

pAWP78-PVCpnf FLAG-
pvc2

pAWP78-PVCpnf pvcl3-
truncated

pAWP78-PVCpnf pvcl3-
EOIDARPin
pAWP78-PVCpnf pvcl3-
A4DARPin

pAWP78-PVCpnf pvcl3-
Ad5Knob
pAWP78-PVCpnf pvcl3-
Ad5DL491-492

pAWP78-PVCpnf pvcl3-
AdSRGDPK?7

pAWP78-PVCpnf pvcl3-
antiMouseMHCIINb
pAWP78-PVCpnf pvcl3-
antiHistoneNb

pAWP78-PVCpnf pvcl3-
CD4DARPin

pAWP78-PVCpnf pvcl3-
CD11bDARPin

pAWP78-PVCpnf pvcl3-
HA

pAWP78-PVCpnf pvcl3-
FLAG

pAWP78-PVCpnf pvcl3-
EE

pAWP78-PVCpnf pvcl3-
MoonTag
pAWP78-PVCpnf pvcl3-
SunTag
pAWP78-PVCpnf pvcl3-
ALFA

pPVC

pPVC

pPVC

pPVC

pPVC

pPVC

pPVC

pPVC

pPVC

pPVC

pPVC

pPVC
pPVC
pPVC
pPVC
pPVC

pPVC

This
work

This
work

This
work
This
work

This
work
This
work

This
work

This
work
This
work

This
work

This
work

This
work
This
work
This
work
This
work
This
work
This
work

Contains an external epitope tag on the
sheath protein; for immunofluorescence-
based binding assays

Contains a tail fiber with a truncated
binding domain (lacking aa403-476 in
Pvc13); produces nontargeting PVCs
Produces PVCs retargeted with anti-
EGFR DARPin E01°

Produces PVCs retargeted with anti-
lysozyme DARPin A47; used as a
negative control for DARPin retargeting
method

Produces PVCs retargeted with knob
domain from hAdS5 virus

Produces PVCs retargeted with non-
binding mutant of Ad5 knob®; used as a
negative control for Ad5 knob
retargeting method

Produces PVCs retargeted with
expanded tropism hAd5 knob (RGD and
PK7 insertions)’

Produces PVCs retargeted with VHH7
anti-mouse MHC class II nanobody'°

Produces PVCs retargeted with A9 anti-
histone nanobody'!; used as a negative
control for Nb retargeting method
Produces PVCs retargeted with anti-
CD4 DARPin D27.2!2; for killing Jurkat
cells

Produces PVCs retargeted with anti-
CDI11b DARPin F7'3; negative control
for Jurkat killing assay

Produces PVCs retargeted with HA tag

Produces PVCs retargeted with FLAG
tag

Produces PVCs retargeted with EE tag

Produces PVCs retargeted with
MoonTag!*

Produces PVCs retargeted with
SunTag!

Produces PVCs retargeted with ALFA
tag!®



32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

pHCMV-SS-antiHAscFv-
™

pHCMV-SS-
antiFLAGscFv-TM
pHCMV-SS-antiEEscFv-
™

pHCMV-SS-
antiMoonTagNb-TM
pHCMV-SS-antiSunTag-
™

pHCMV-SS-
antiALFAtagNb-TM
pAWP78-PVCpnf pvcl2-
HiBiT

pAWP78-PVCpnfApvcl5
pvcl2-HiBiT

pBR322-Pdp1-HiBiT

pBR322-Pdp1 aal-289-
HiBiT

pBR322-Pdp1 aal-190-
HiBiT

pBR322-Pdp1 aal-133-
HiBiT

pBR322-Pdpl aal-76-
HiBiT

pBR322-Pdpl aal-38-
HiBiT
pBR322-Pdpl aa39-331-
HiBiT

pBR322-Pdpl NTD-GFP-
HiBiT

pBR322-Pdpl NTD-Cre-
HiBiT

pBR322-Pdpl NTD-
ZFN_L-HiBiT

N/A
N/A
N/A
N/A
N/A
N/A

pPVC

pPVC

pPayload

pPayload
pPayload
pPayload
pPayload
pPayload
pPayload

pPayload

pPayload

pPayload

Gift from
D.
Strebinger

This
work
This
work
This
work
This
work
This
work
This
work

This
work

This
work

This
work
This
work
This
work
This
work
This
work
This
work
This
work

This
work

This
work

10

Displays anti-HA scFv!7 from the
surface of mammalian cells

Displays anti-FLAG scFv!® from the
surface of mammalian cells

Displays anti-EE scFv!® from the
surface of mammalian cells

Displays anti-MoonTag nanobody'*
from the surface of mammalian cells

Displays anti-SunTag scFv'> from the
surface of mammalian cells

Displays anti-ALFA nanobody!'® from
the surface of mammalian cells

Produces PVCs tagged with HiBiT on
the baseplate; used as assembly/loading
control for payload loading assays
Negative control for payload loading
assay; produces PVCs deficient for
payload loader (pvcli)5)

Loads HiBiT-tagged Pdp1 into PVCs;
for payload loading assays; also
contains Pnf

Loads a truncated payload; for
identification of Pdp1 packaging domain

Loads a truncated payload; for
identification of Pdp1 packaging domain

Loads a truncated payload; for
identification of Pdp1 packaging domain

Loads a truncated payload; for
identification of Pdp1 packaging domain

Loads a truncated payload; for
identification of Pdp1 packaging domain

Loads a truncated payload; for
identification of Pdp1 packaging domain

Loads HiBiT-tagged GFP into PVCs
using Pdp1 packaging domain; also
contains Pnf

Loads HiBiT-tagged Cre into PVCs
using Pdp1 packaging domain; also
contains Pnf

Loads HiBiT-tagged L fragment of a
zinc finger nuclease specific for human
AAVSI locus?® using Pdp1 packaging
domain



50

51

52

53

54

55

Displays EGFR from the surface of

mammalian cells; used to sensitize

EGFR-deficient cells to EGFR-targeting

For affinity purification of Pdp1 payload
For affinity purification of Pnf payload
Produces PVCs containing a truncated

Produces PVCs retargeted with
expanded tropism hAd5 knob (RGD and

PK7 insertions)’, also containing a
truncated spike tip protein (Pvc10)

Produces PVCs retargeted with VHH7
anti-mouse MHC class IT nanobody!”,

also containing a truncated spike tip

Media
ESF921

RPMI+GlutaMAX
DMEM-+GlutaMAX
DMEM-+GlutaMAX

RPMI+GlutaMAX

EGFR-GFP N/A Ref. 21
PVCs
TwinStrep-SUMO-Pdp1 N/A This
work
TwinStrep-SUMO-Pnf N/A This
work
pAWP78-PVCpnfApvcl0  pPVC This
work spike tip protein (Pvc10)
pAWP78-PVCpnfApvcl0  pPVC This
pvcl3-AdSRGDPK7 work
pAWP78-PVCpnfApvcl0  pPVC This
pvel3- work
antiMouseMHCIINb .
protein (Pvcl0)
Supplementary Table 8 | Cell lines used in this study.
Cell line Organism Source
S19 Insect (S. frugiperda)  Sigma-Aldrich
71104M
A549 Human (H. sapiens) ATCC CCL-185
U20S Human (H. sapiens) ATCC HTB-96
HEK293FT Human (H. sapiens) ThermoFisher
R70007
A549-LoxP-GFP ~ Human (H. sapiens) Gift from D.
Strebinger

Jurkat
N2a
NIH/3T3
A20

J774A1
Primary
splenocytes

Human (H. sapiens)

Mouse (M. musculus)
Mouse (M. musculus)
Mouse (M. musculus)
Mouse (M. musculus)
Mouse (M. musculus)

11

ATCC TIB-152
ATCC CCL-131
ATCC CRL-1658
ATCC TIB-208
ATCC TIB-67
Gift from B. Lash

RPMI+GlutaMAX
DMEM+GlutaMAX
DMEM+GlutaMAX
RPMI+GlutaMAX
DMEM+GlutaMAX
RPMI+GlutaMAX



Supplementary Table 9 | NGS primer sequences.

Target
Hs Vegfa

Hs Trac

Guide sequence
ggtgagtgagtgtgtgegte

N/A

NGS primer sequences

F: tcttcgagagtgaggacgtgtg
R: tattggaatcctggagtgacce
F: ctgggacatgcaagcccataac
R: tctcagagcttaggatgcacge

Supplementary Table 10 | RT-qPCR primer sequences.

Target

pvel

pve2

pve3

pvcd

pved

pvcé

pve7

pves

pvc9

pvel0

pvell

pvel?2

pvel3

pvcl4

pvels

pvel6

Pdpl

PAU RS16570
PAU RS16565
PAU RS16560
PAU RS24015
Pnf

gap A22

F primer sequence
tggttcaaaatgccgggtcaga
gggggattagctggcagceaaag
caaaatggcggaggagcttget
gtcegtatcgacagtttggeeg
tttaaccgcattccecgatcege
ggtagtgccatcaacacgaccg
acccccattgaagagcagcetca
acttttggcecgeggtagatgtg
gtegtggttgggcttttcctee
aggcccttcagtgtaccagtgg
caccagagtgccagcattggag
ggctcagtgaatgatgacgecec
agagggcagtattccectgeaa
agcccgttgceattacctgaaca
gctgaccacattggegttgact
ggtaatcgcccacggctttcte
aaaaactggccgccttttgggt
tggaggaaggttagtttcac
gggggaagggtaaatgagaata
acagtcaccgatttgccgaage
ggctgttttcattcacctcagtcaca
gecectttcgecggatagtgaac
gattacatggcatacatgctg

12

R primer sequence
aacagttctgttttcccegg
gecctgeatcaatetgeteetg
cagatcgagttccgggcaaacc
atgectgttgcecegecattate
acgggcattttctcetecctca
cccaagtcgcectcatccagact
ttcccaacgcattttgecccat
cctacctgacagtgggccagtt
ataagacgttccceeggcetcag
gtaacatccggttgtggcggag
gecatctcttgcagacgageag
cgetgtgteccaaagtaaccea
cgcttgaccacaggctttacgt
cggcattaaactgggectgacg
gcatcctgttccgecaaatcga
gaagaaaccgceggtaaccggag
ggctgagagactegcttccaga
acaggcccatagttccaggcaa
cgagtttttcgggggcaattat
ccttcttetgttaaagccaateee
atttcgagttgcagcacgacgg
tcagcactcceggtttteccat
cagacgaacggtcaggtcaa



Supplementary Table 11 | Endotoxin measurements for PVCs used in the immune response

assays in Fig. 4e and Extended Data Fig. 8e-f.

Sample Endotoxin concentration (EU/mL)
PVC (Ad5 RGD/PK7) 0.674
PVC (Ad5 RGD/PK7) Apvel0 0.422
Control injection 0.500

Supplementary Table 12 | Antibodies used for flow cytometry during mouse experiments.

Epitope Conjugate Order number Manufacturer Dilution used
Mouse CD45 BV510 103138 BioLegend 1:200
Mouse/human CD11b  APC 101212 BioLegend 1:50
Mouse Ly-6G/Ly-6C  FITC 108406 BioLegend 1:100
(Gr-1)
Mouse O4 APC 130-119-982 Miltenyi Biotec 1:100
Mouse GFAP Alexa Fluor 51-9792-82 ThermoFisher  1:100
647 Scientific
Mouse CD3 BV650 100229 BioLegend 1:200
Mouse CD4 PerCP 553052 BD 1:100
Mouse CD8 APC-Cy7 560182 BD 1:100
Supplementary Data

Supplementary Data 1 (separate file) | Annotated sequence files for plasmids listed in

Supplementary Table 7.

Supplementary Data 2 (separate file) | Mass spectrometry analysis of a purified PVC sample.

13
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