
Supplementary Sequence File
This file contains the full-length amino acid sequences of engineered viral glycoprotein 
constructs fused to fluorescent reporters, luciferase, selection markers, or exosomal proteins, as 
used in this study. Each construct is annotated by its total amino acid (aa) length.

Construct List and Sequence Descriptions
1. VSVG-copGFP (800 aa)

Previously published in Int J Nanomedicine (2017;12:3153–3170. doi:10.2147/IJN.S133430)
2. VSVG-rubyRFP (783 aa)

Previously published in Int J Nanomedicine (2017;12:3153–3170. doi:10.2147/IJN.S133430)
3. VSVG-copGFP-Puro (961 aa)

VSVG-copGFP fusion with a puromycin resistance cassette.
4. VSVG-rubyRFP-Puro (946 aa)

VSVG-rubyRFP fusion with a puromycin resistance cassette.
5. RD114A-gLuc-copGFP (1001 aa)

RD114A envelope glycoprotein fused to Gaussia luciferase and copGFP.
6. RD114A-gLuc-rubyRFP (994 aa)

RD114A envelope glycoprotein fused to Gaussia luciferase and rubyRFP.
7. SARS-CoV-1-spike-eGFP (1525 aa)

Full-length SARS-CoV-1 spike glycoprotein fused to enhanced GFP.
8. SARS-CoV-2-spike-eGFP (1507 aa)

Full-length SARS-CoV-2 spike glycoprotein fused to enhanced GFP.
9. HSV-gpB-eGFP (1150 aa)

Herpes Simplex Virus glycoprotein B fused to enhanced GFP.
10. VSVG-rubyRFP-P2A-CD63-eGFP (1261 aa)

Bicistronic construct with VSVG-rubyRFP, a P2A linker, and CD63-eGFP.

Full-length Amino Acid Sequences and Annotations (1-10)

1. VSVG-copGFP (800 aa)
This sequence was previously published in Int J Nanomedicine (2017 Apr 18;12:3153–3170. 
doi: 10.2147/IJN.S133430)

2. VSVG-rubyRFP (783 aa) 
This sequence was previously published in Int J Nanomedicine (2017 Apr 18;12:3153–3170. 
doi: 10.2147/IJN.S133430).

3. VSVG-copGFP-Puro (961aa)
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MKCLLYLAFLFIGVNCKFTIVFPHNQKGNWKNVPSNYHYCPSSSDLNWHNDLIGTALQVKMPKSHKAIQADGWMCH
ASKWVTTCDFRWYGPKYITHSIRSFTPSVEQCKESIEQTKQGTWLNPGFPPQSCGYATVTDAEAVIVQVTPHHVLVDEY
TGEWVDSQFINGKCSNYICPTVHNSTTWHSDYKVKGLCDSNLISMDITFFSEDGELSSLGKEGTGFRSNYFAYETGGKA
CKMQYCKHWGVRLPSGVWFEMADKDLFAAARFPECPEGSSISAPSQTSVDVSLIQDVERILDYSLCQETWSKIRAGLPI
SPVDLSYLAPKNPGTGPAFTIINGTLKYFETRYIRVDIAAPILSRMVGMISGTTTERELWDDWAPYEDVEIGPNGVLRTSS
GYKFPLYMIGHGMLDSDLHLSSKAQVFEHPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWFSSWKSSIASFFFIIGLII
GLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGKESDESGLPAMEIECRITGTLNGVEFELVGGGEGTPKQGRMTNKMK
STKGALTFSPYLLSHVMGYGFYHFGTYPSGYENPFLHAINNGGYTNTRIEKYEDGGVLHVSFSYRYEAGRVIGDFKVVGT
GFPEDSVIFTDKIIRSNATVEHLHPMGDNVLVGSFARTFSLRDGGYYSFVVDSHMHFKSAIHPSILQNGGPMFAFRRVE
ELHSNTELGIVEYQHAFKTPIAFARSRAQSSNSAVDGTAGPGSTGSRMTEYKPTVRLATRDDVPRAVRTLAAAFADYPA
TRHTVDPDRHIERVTELQELFLTRVGLDIGKVWVADDGAAVAVWTTPESVEAGAVFAEIGPRMAELSGSRLAAQQQM
EGLLAPHRPKEPAWFLATVGVSPDHQGKGLGSAVVLPGVEAAERAGVPAFLETSAPRNLPFYERLGFTVTADVEVPEG
PRTWCMTRKPGA*

4. VSVG-rubyRFP-Puro (946aa)

MKCLLYLAFLFIGVNCKFTIVFPHNQKGNWKNVPSNYHYCPSSSDLNWHNDLIGTALQVKMPKSHKAIQADGWMCH
ASKWVTTCDFRWYGPKYITHSIRSFTPSVEQCKESIEQTKQGTWLNPGFPPQSCGYATVTDAEAVIVQVTPHHVLVDEY
TGEWVDSQFINGKCSNYICPTVHNSTTWHSDYKVKGLCDSNLISMDITFFSEDGELSSLGKEGTGFRSNYFAYETGGKA
CKMQYCKHWGVRLPSGVWFEMADKDLFAAARFPECPEGSSISAPSQTSVDVSLIQDVERILDYSLCQETWSKIRAGLPI
SPVDLSYLAPKNPGTGPAFTIINGTLKYFETRYIRVDIAAPILSRMVGMISGTTTERELWDDWAPYEDVEIGPNGVLRTSS
GYKFPLYMIGHGMLDSDLHLSSKAQVFEHPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWFSSWKSSIASFFFIIGLII
GLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGKGKLTMASSEDVIKEFMRFKVKMEGSVNGHEFEIEGEGEGRPYEGT
QTAKLKVTKGGPLPFSWDILSPQFQYGSKAYVKHPADIPDYLKLSFPEGFKWERFMNFEDGGVVTVTQDSTLQDGEFIY
KVKLRGTNFPSDGPVMQKKTMGWEASTERMYPEDGALKGEIKMRLKLKDGGHYDAEVKTTYKAKKQVQLPGAYMT
DIKLDIISHNGDYTIVEQYERAEGRHSTGAGSIIRSIMTEYKPTVRLATRDDVPRAVRTLAAAFADYPATRHTVDPDRHIE
RVTELQELFLTRVGLDIGKVWVADDGAAVAVWTTPESVEAGAVFAEIGPRMAELSGSRLAAQQQMEGLLAPHRPKEP
AWFLATVGVSPDHQGKGLGSAVVLPGVEAAERAGVPAFLETSAPRNLPFYERLGFTVTADVEVPEGPRTWCMTRKPG
A*

5. RD114A-gLuc-copGFP (1001aa)

MKLPTGMVILCSLIIVRAGFDDPRKAIALVQKQHGKPCECSGGQVSEAPPNSIQQVTCPGKTAYLMTNQKWKCRVTPK
NLTPSGGELQNCPCNTFQDSMHSSCYTEYRQCRANNKTYYTATLLKIRSGSLNEVQILQNPNQLLQSPCRGSINQPVC
WSATAPIHISDGGGPLDTKRVWTVQKRLEQIHKAMHPELQYHPLALPKVRDDLSLDARTFDILNTTFRLLQMSNFSLAQ
DCWLCLKLGTPTPLAIPTPSLTYSLADSLANASCQIIPPLLVQPMQFSNSSCLSSPFINDTEQIDLGAVTFTNCTSVANVSS
PLCALNGSVFLCGNNMAYTYLPQNWTGLCVQASLLPDIDIIPGDEPVPIPAIDHYIHRPKRAVQFIPLLAGLGITAAFTTG
ATGLGVSVTQYTKLSHQLISDVQVLSGTIQDLQDQVDSLAEVVLQNRRGLDLLTAEQGGICLALQEKCCFYANKSGIVRN
KIRTLQEELQKRRESLASNPLWTGLQGFLPYLLPLLGPLLTLLLILTIGPCVFNRLVQFVKDRISVVQALVLTQQYHQLKPIE
YEPMKPTENNEDFNIVAVASNFATTDLDADRGKLPGKKLPLEVLKEMEANARKAGCTRGCLICLSHIKCTPKMKKFIPGR
CHTYEGDKESAQGGIGEAIVDIPEIPGFKDLEPMEQFIAQVDLCVDCTTGCLKGLANVQCSDLLKKWLPQRCATFASKIQ
GQVDKIKGAGGDHHHHHHNSNLNRIRGRMESDESGLPAMEIECRITGTLNGVEFELVGGGEGTPKQGRMTNKMKST
KGALTFSPYLLSHVMGYGFYHFGTYPSGYENPFLHAINNGGYTNTRIEKYEDGGVLHVSFSYRYEAGRVIGDFKVVGTGF



PEDSVIFTDKIIRSNATVEHLHPMGDNVLVGSFARTFSLRDGGYYSFVVDSHMHFKSAIHPSILQNGGPMFAFRRVEELH
SNTELGIVEYQHAFKTPIAFARSRAQSSNSAVDGTAGPGSTGSR*

6. RD114A-gLuc-rubyRFP (994aa)

MKLPTGMVILCSLIIVRAGFDDPRKAIALVQKQHGKPCECSGGQVSEAPPNSIQQVTCPGKTAYLMTNQKWKCRVTPK
NLTPSGGELQNCPCNTFQDSMHSSCYTEYRQCRANNKTYYTATLLKIRSGSLNEVQILQNPNQLLQSPCRGSINQPVC
WSATAPIHISDGGGPLDTKRVWTVQKRLEQIHKAMHPELQYHPLALPKVRDDLSLDARTFDILNTTFRLLQMSNFSLAQ
DCWLCLKLGTPTPLAIPTPSLTYSLADSLANASCQIIPPLLVQPMQFSNSSCLSSPFINDTEQIDLGAVTFTNCTSVANVSS
PLCALNGSVFLCGNNMAYTYLPQNWTGLCVQASLLPDIDIIPGDEPVPIPAIDHYIHRPKRAVQFIPLLAGLGITAAFTTG
ATGLGVSVTQYTKLSHQLISDVQVLSGTIQDLQDQVDSLAEVVLQNRRGLDLLTAEQGGICLALQEKCCFYANKSGIVRN
KIRTLQEELQKRRESLASNPLWTGLQGFLPYLLPLLGPLLTLLLILTIGPCVFNRLVQFVKDRISVVQALVLTQQYHQLKPIE
YEPMKPTENNEDFNIVAVASNFATTDLDADRGKLPGKKLPLEVLKEMEANARKAGCTRGCLICLSHIKCTPKMKKFIPGR
CHTYEGDKESAQGGIGEAIVDIPEIPGFKDLEPMEQFIAQVDLCVDCTTGCLKGLANVQCSDLLKKWLPQRCATFASKIQ
GQVDKIKGAGGDHHHHHHNSNLNRIRGRMGKLTMASSEDVIKEFMRFKVKMEGSVNGHEFEIEGEGEGRPYEGTQT
AKLKVTKGGPLPFSWDILSPQFQYGSKAYVKHPADIPDYLKLSFPEGFKWERFMNFEDGGVVTVTQDSTLQDGEFIYKV
KLRGTNFPSDGPVMQKKTMGWEASTERMYPEDGALKGEIKMRLKLKDGGHYDAEVKTTYKAKKQVQLPGAYMTDIK
LDIISHNGDYTIVEQYERAEGRHSTGAGSIIRSIIIHHHHHH*

7. SARS-CoV-1-Spike-eGFP (1525aa)

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFD
NPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVY
SSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLL
ALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQP
TESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIR
GDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNG
VEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLP
FQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGS
NVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTISV
TTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFS
QILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSG
WTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTL
VKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFC
GKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTF
VSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQE
LGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYTKLGSGGGG
SGGGGSMSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRY
PDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYI
MADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGIT
HGMDELYK*



8. SARS-CoV-2-Spike-eGFP (1507aa)

MFIFLLFLTLTSGSDLDRCTTFDDVQAPNYTQHTSSMRGVYYPDEIFRSDTLYLTQDLFLPFYSNVTGFHTINHTFDNPVI
PFKDGIYFAATEKSNVVRGWVFGSTMNNKSQSVIIINNSTNVVIRACNFELCDNPFFAVSKPMGTQTHTMIFDNAFNC
TFEYISDAFSLDVSEKSGNFKHLREFVFKNKDGFLYVYKGYQPIDVVRDLPSGFNTLKPIFKLPLGINITNFRAILTAFSPAQ
DTWGTSAAAYFVGYLKPTTFMLKYDENGTITDAVDCSQNPLAELKCSVKSFEIDKGIYQTSNFRVVPSGDVVRFPNITNL
CPFGEVFNATKFPSVYAWERKKISNCVADYSVLYNSTFFSTFKCYGVSATKLNDLCFSNVYADSFVVKGDDVRQIAPGQT
GVIADYNYKLPDDFMGCVLAWNTRNIDATSTGNYNYKYRYLRHGKLRPFERDISNVPFSPDGKPCTPPALNCYWPLND
YGFYTTTGIGYQPYRVVVLSFELLNAPATVCGPKLSTDLIKNQCVNFNFNGLTGTGVLTPSSKRFQPFQQFGRDVSDFTD
SVRDPKTSEILDISPCSFGGVSVITPGTNASSEVAVLYQDVNCTDVSTAIHADQLTPAWRIYSTGNNVFQTQAGCLIGAE
HVDTSYECDIPIGAGICASYHTVSLLRSTSQKSIVAYTMSLGADSSIAYSNNTIAIPTNFSISITTEVMPVSMAKTSVDCNM
YICGDSTECANLLLQYGSFCTQLNRALSGIAAEQDRNTREVFAQVKQMYKTPTLKYFGGFNFSQILPDPLKPTKRSFIEDL
LFNKVTLADAGFMKQYGECLGDINARDLICAQKFNGLTVLPPLLTDDMIAAYTAALVSGTATAGWTFGAGAALQIPFA
MQMAYRFNGIGVTQNVLYENQKQIANQFNKAISQIQESLTTTSTALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVL
NDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQAAP
HGVVFLHVTYVPSQERNFTTAPAICHEGKAYFPREGVFVFNGTSWFITQRNFFSPQIITTDNTFVSGNCDVVIGIINNTVY
DPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYVWL
GFIAGLMAIVMVTILLCCMTSCCSCLKGACSCGSCCKFDEDDSEPVLKGVKLHYTKLGSGGGGSGGGGSMSKGEELFTG
VVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMP
EGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRH
NIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK*

9. HSV-gpB-eGFP (1150aa)

MHQGAPSWGRRWFVVWALLGLTLGVLVASAAPSSPGTPGVAAATQAANGGPANPAPPALGAAPTGDPKPKKNKKP
KNPTPPRPAGDNATVAAGHATLREHLRDIKAENTDANFYVCPPPTGATVVQFEQPRRCPTRPEGQNYTEGIAVVFKEN
IAPYKFKATMYYKDVTVSQVWFGHRYSQFMGIFEDRAPVPFEEVIDKINAKGVCRSTAKYVRNNLETTAFHRDDHETD
MELKPANAATRTSRGWHTTDLKYNPSRVEAFHRYGTTVNCIVKEVDARSVYPYDEFVLATGDFVYMSPFYGYREGSHT
EHTSYAADRFKQVDGFYARDLTTKARATAPTTRNLLTTPKFTVAWDWVPKRPSVCTMTKWQEVDEMLRSEYGGSFRF
SSDAISTTFTTNLTEYPLSRVDLGDCIGKDARDAMDRIFARRYNATHIKVGQPQYYLANGGFLIAYQPLLSNTLAELYVRE
HLREQSRKPPNPTPPPPGASANASVERIKTTSSIEFARLQFTYNHIQRHVNDMLGRVAIAWCELQNHELTLWNEARKLN
PNAIASVTVGRRVSARMLGDVMAVSTCVPVAADNVIVQNSMRISSRPGACYSRPLVSFRYEDQGPLVEGQLGENNEL
RLTRDAIEPCTVGHRRYFTFGGGYVYFEEYAYSHQLSRADITTVSTFIDLNITMLEDHEFVPLEVYTRHEIKDSGLLDYTEV
QRRNQLHDLRFADIDTVIHADANAAMFAGLGAFFEGMGDLGRAVGKVVMGIVGGVVSAVSGVSSFMSNPFGALAV
GLLVLAGLAAAFFAFRYVMRLQSNPMKALYPLTTKELKNPTNPDASGEGEEGGDFDEAKLAEAREMIRYMALVSAMER
TEHKAKKKGTSALLSAKVTDMVMRKRRNTNYTQVPNKDGDADEDDLDIQHSGGRMSKGEELFTGVVPILVELDGDVN
GHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKD
DGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADH
YQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK*

10. VSVG-rubyRFP-P2A-CD63-eGFP (1261aa)



MKCLLYLAFLFIGVNCKFTIVFPHNQKGNWKNVPSNYHYCPSSSDLNWHNDLIGTALQVKMPKSHKAIQADGWMCH
ASKWVTTCDFRWYGPKYITHSIRSFTPSVEQCKESIEQTKQGTWLNPGFPPQSCGYATVTDAEAVIVQVTPHHVLVDEY
TGEWVDSQFINGKCSNYICPTVHNSTTWHSDYKVKGLCDSNLISMDITFFSEDGELSSLGKEGTGFRSNYFAYETGGKA
CKMQYCKHWGVRLPSGVWFEMADKDLFAAARFPECPEGSSISAPSQTSVDVSLIQDVERILDYSLCQETWSKIRAGLPI
SPVDLSYLAPKNPGTGPAFTIINGTLKYFETRYIRVDIAAPILSRMVGMISGTTTERELWDDWAPYEDVEIGPNGVLRTSS
GYKFPLYMIGHGMLDSDLHLSSKAQVFEHPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWFSSWKSSIASFFFIIGLII
GLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNRLGKGGGGSMGKLTMASSEDVIKEFMRFKVKMEGSVNGHEFEIEGEGE
GRPYEGTQTAKLKVTKGGPLPFSWDILSPQFQYGSKAYVKHPADIPDYLKLSFPEGFKWERFMNFEDGGVVTVTQDSTL
QDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASTERMYPEDGALKGEIKMRLKLKDGGHYDAEVKTTYKAKKQVQL
PGAYMTDIKLDIISHNGDYTIVEQYERAEGRHSTGAGSIIRSIIIGSGATNFSLLKQAGDVEENPGPMAVEGGMKCVKFLL
YVLLLAFCACAVGLIAVGVGAQLVLSQTIIQGATPGSLLPVVIIAVGVFLFLVAFVGCCGACKENYCLMITFAIFLSLIMLVE
VAAAIAGYVFRDKVMSEFNNNFRQQMENYPKNNHTASILDRMQADFKCCGAANYTDWEKIPSMSKNRVPDSCCINV
TVGCGINFNEKAIHKEGCVEKIGGWLRKNVLVVAAAALGIAFVEVLGIVFACCLVKSIRSGYEVMDIQHSGGRMSKGEEL
FTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKS
AMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNF
KIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK*

Note: Color Coding in Sequence Annotations
 Purple: Membrane scaffold (VSVG, RD114, SARS-CoV, HSV, CD63)
 Red: Red fluorescent protein domains (rubyRFP)
 Green: Green fluorescent protein domains (copGFP or eGFP)
 Yellow: Linkers, spacers, and P2A elements 
 Blue: Gaussion luciferase (gLuc)
 Gray: Puromycin resistance gene (Puro)


