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Figure 1 (a) Agarose gel electrophoresis of D2GFP-coding circRNA precursor (precursor
RNADZGFP) and unpurified circRNA (unpurified circRNADZGFP) after RNase R treatment. (b)
Chromatogram of D2GFP-coding circRNA”*%*" via an AKTA purifier system. Protein expression
level of circRNAP?* and linear RNAP?**" in HEK293T cells (c) and NIH3T3 cells (d) 48 hours

after transfection.
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Figure 2 (a) The molecular structural formula of the novel ionizable lipid. (b) 'H NMR spectrum

of the compound.

(circRNA®YA) via an AKTA purifier system.

(¢) Chromatogram of OVA (257-264)-luciferase-coding circRNA
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Figure 3 (a) Intracellular localization of the LNP and lysosome, characterized by confocal
fluorescence microscopic imaging. Red fluorescence dye R300 was encapsulated in LNP and then
incubated with mouse embryonic fibroblasts for 0, 2, 4 and 8 hours. Green, Lysotracker 488. Scale
bar, 20um. (b) Analysis of the fluorescent value along the selected line (the yellow line) in the

merged images.
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Figure 4 (a) Flow cytometric analysis of D2GFP expression in HEK293T cells. CircRNAP*F"
was encapsulated with LNP for transfection. 24 hours after transfection, cells were harvested for
flow cytometry assay. (b) Cell viability after treatment with increasing doses of the
circRNAP?*P_LNP complex. Cells were transfected with increasing RNA doses via LNP. After 24
hours, cell viability was evaluated via CCK-8 assay. (¢) A workflow of the IRES screening assay
in vitro. OVA (257-264)-luciferase-coding circRNA (circRNA®YA™) with different IRES
elements was packaged with LNP and transfected into HEK 293T cells, and luciferase activity was
measured 24h after transfection. (d) Statistical analysis of luciferase activity in vitro. ns, no

significant, **p <0.01.
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Figure 5 (a-b) The molecular structural formula of the two FDA-approved ionizable lipids (a,
LNP 1; b, LNP 2). Particle size distributions of the circRNA-LNP 1 (¢) and circRNA-LNP 2 (d)
complex. Zeta potentials of the circRNA-LNP 1 (e) and circRNA-LNP 2 (f) complex. (g) A
workflow of the assay in vitro. OVA (257-264)-luciferase-coding circRNA was encapsulated with
different LNPs for transfection. 24 hours after transfection, cells were collected for luciferase

activity detection assay. (h) Luciferase activity detection in HEK293T cells.



800- 150
. i )
Z %00 Ba £ 100- -
) ~+ g
£ 400+ 5
‘? |.II. 50_
= 200- &

0-——y—o—u—p= T T 0—==— == T T
& % '\\}0 '\\\'ﬁ ,\ % ’\00 \00
> \n \g \s
& & & &
Sl S
) L

Figure 6 Comparison of serum cytokine release after RNA-LNP administration in vivo. OVA
(257-264)-luciferase-coding circRNA (circRNA®Y*™ 10 pg circRNA per mouse), equimolar
amount of MI¥ mRNA (MI1¥ mRNA®Y") and PBS were encapsuled with LNP and
intramuscularly administrated. 24 hours later, Elisa assay was carried out to detect serum (a) IL-6

and (b) TNF-a secretion.
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Figure 7 (a) Average body weight of the mice in OVA-MC38 tumor model. (b) Gating strategy of

the flow cytometry data for anti-OVA 257-264 peptide (SIINFEKL) T cell detection in Figure 4C.
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Figure 8 Gating strategy of the flow cytometry data for detecting the percentage of IFN-y and

TNF-o positive CD8" T cells in Figure 4E.
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Figure 9 (a) Average body weight of mice during the experiment of Figure SA. Gating strategy (b)
and representative flow dot plots (c) for anti-OVA 257-264 peptide (SIINFEKL) T cell detection in

Figure SH.
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Figure 10 Gating strategy of the flow cytometry data for detecting the OT-I (CD45.2") T cells in

all the CD8" cells.



Supplementary Table 1

Linear
D2GFP RNA

templete

taatacgactcactatagggaaataagagagaaaagaagagtaagaagaaatataagagccaccgecaccatggtg
agcaagggcgaggagcetgticaccggggtggtecccatectggtcgagetggacggegacgtaaacggecacaa
gttcagegtgtceggegagggegagggegatgecacctacggeaagetgacectgaagttcatetgecaccaccgg
caagctgcecgtgecctggeccaccctegtgaccaccctgacctacggegtgecagtgettcagecgetaccecgac
cacatgaagcagcacgacttcttcaagtccgecatgeccgaaggetacgtccaggagegeaccatcttcttcaagga
cgacggcaactacaagacccgegecgaggtgaagticgagggcgacaccectggtgaaccgeatcgagetgaagg
gcatcgacttcaaggaggacggceaacatcetggggceacaagetggagtacaactacaacagecacaacgtetatat
catggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgecacaacatcgaggacggeagegtge
agctcgccgaccactaccagcagaacacceccatcggegacggececcgtgetgetgecegacaaccactacetga
geacccagtccgecctgagecaaagaccccaacgagaagegegatcacatggtectgetggagttecgtgacegeeg
ccgggatcactctcggeatggacgagetgtacaagaagettagecatggcettccegecggaggtggaggageagg
atgatggcacgctgcccatgtcttgtgcccaggagagegggatggaccgtcacectgeagectgtgettctgetagg
atcaatgtgtaggctgccttetgeggggcettgecttctggecatgeccttetteteteecttgeacctgtacctettggtett

tgaataaagcctgagtaggaagt

Circular
D2GFP RNA

templete

taatacgactcactatagggggagaccctcgaccgtegattgtccactggtcaacaatagatgacttacaactaategg
aaggtgcagagactcgacgggagctaccctaacgtcaagacgagggtaaagagagagtccaattctcaaagccaat
aggcagtagcgaaagcetgcaagagaatgaaaatcegttgaccttaaacggtegtgtgggttcaagteccteccaccee
cacgccggaaacgcaatagccgaaaaacaaaaaacaaaaaaaacaaaaaaaaaaccaaaaaaacaaaacacatct
agattaaaacagcctgtgggttgatcccacccacaggeccattgggegcetageactetggtatcacggtacctttgtge
gectgttttatacccectcccccaactgtaacttagaagtaacacacaccgatcaacagtcagegtggceacaccagec
acgttttgatcaagcacttctgttaccccggactgagtatcaatagactgetcacgeggttgaaggagaaagegttegtt
atccggccaactacttcgaaaaacctagtaacaccgtggaagttgcagagtgtttcgetcageactaccccagtgtag
atcaggtcgatgagtcaccgcattccccacgggegaccgtggeggtggetgegttggeggectgeccatggggaa
acccatgggacgctctaatacagacatggtgcgaagagtctattgagetagttggtagtectccggeccectgaatgeg
gctaatcctaactgeggagcacacaccctcaagecagagggceagtgtgtcgtaacgggcaactetgecageggaacce
gactactttgggtgtccgtgtttcattttattcctatactggetgcttatggtgacaattgagagatcgttaccatatagcetatt
ggattggccatccggtgactaatagagctattatatatccctttgttgggtttataccacttagettgaaagaggttaaaac

attacaattcattgttaagttgaatacagcaaaatggtgagcaagggcgaggagctgtticaccggggtggtgcceate




ctggtcgagetggacggcgacgtaaacggecacaagttcagegtgtccggegagggcegagggegatgecaccta
cggcaagctgaccctgaagttcatctgecaccaccggeaagetgeccgtgeectggeccaccetegtgaccacectg
acctacggcegtgcagtgcttcagecgcetaccccgaccacatgaageageacgacttcttcaagtcegecatgeccga
aggctacgtccaggagegceaccatcttcttcaaggacgacggcaactacaagaccegegecgaggtgaagticga
gggcgacaccctggtgaaccgeatcgagetgaagggeatcgacttcaaggaggacggeaacatectggggeaca
agctggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggceatcaaggtgaactt
caagatccgccacaacatcgaggacggeagegtgecagetcgecgaccactaccagecagaacacccccateggeg
acggccccgtgetgetgeccgacaaccactacctgageacccagtecegecctgagecaaagaccccaacgagaage
gcgatcacatggtcetgetggagttcgtgaccgecgecgggatcactctcggeatggacgagetgtacaagaagett
agccatggcttcccgecggaggtggaggagecaggatgatggecacgetgeccatgtettgtgeccaggagageggg
atggaccgtcaccctgecagcectgtgcttetgetaggatcaatgtgtaggtcgacaaaaaacaaaaaacaaaacggeta
ttatgcgttaccggegagacgcetacggacttaaataattgagecttaaagaagaaattctttaagtggatgetctcaaact
cagggaaacctaaatctagttatagacaaggcaatcctgagccaagecgaagtagtaattagtaagaccagtggaca

atcgacggataacagcatatctag

Circular
OVA
(257-264;
SIINFEKL)-
luciferase
RNA

templete

taatacgactcactatagggggagaccctcgaccgtegattgtccactggtcaacaatagatgacttacaactaategg
aaggtgcagagactcgacgggagctaccctaacgtcaagacgagggtaaagagagagtccaattctcaaagccaat
aggcagtagcgaaagcetgcaagagaatgaaaatcegttgaccttaaacggtegtgtgggttcaagteccteccaccee
cacgccggaaacgcaatagccgaaaaacaaaaaacaaaaaaaacaaaaaaaaaaccaaaaaaacaaaacacatct
agattaaaacagcctgtgggttgatcccacccacaggceccattgggcgetageactetggtatcacggtacctttgtge
gectgttttatacceectecccccaactgtaacttagaagtaacacacaccgatcaacagtcagegtggcacaccagec
acgttttgatcaagcacttctgttaccccggactgagtatcaatagactgctcacgeggttgaaggagaaagegttegtt
atccggccaactacttcgaaaaacctagtaacaccgtggaagttgcagagtgtttcgctcageactaccccagtgtag
atcaggtcgatgagtcaccgcattccccacgggegaccgtggeggtggetgegttggeggectgeccatggggaa
acccatgggacgctctaatacagacatggtgcgaagagtctattgagetagttggtagtcctccggeccctgaatgeg
gctaatcctaactgeggagceacacaccctcaagecagagggceagtgtgtcgtaacgggcaactetgecageggaacce
gactactttgggtgtccgtgtttcattttattcctatactggetgcttatggtgacaattgagagatcgttaccatatagcetatt
ggattggccatccggtgactaatagagctattatatatccetttgttgggtttataccacttagettgaaagaggttaaaac
attacaattcattgttaagttgaatacagcaaaatgcttgagcagcttgagagtataatcaactttgaaaaactgactgaat

ggaccagtggggatccaccggtcatggaagacgccaaaaacataaagaaaggceccggegcecattctatccgetgg




aagatggaaccgctggagagcaactgcataaggctatgaagagatacgccctggttcctggaacaattgettttacag
atgcacatatcgaggtggacatcacttacgctgagtacttcgaaatgtcegttcggttggcagaagctatgaaacgata
tgggctgaatacaaatcacagaatcgtcgtatgcagtgaaaactctcttcaattctttatgecggtgttgggcgcgttattt
atcggagttgcagttgcgeccgegaacgacatttataatgaacgtgaattgctcaacagtatgggcatttcgcagecta
ccgtggtgticgtitccaaaaaggggttgcaaaaaattttgaacgtgcaaaaaaagctcccaatcatccaaaaaattatt
atcatggattctaaaacggattaccagggatttcagtcgatgtacacgttcgtcacatctcatctacctcccggttttaatg
aatacgattttgtgccagagtccttcgatagggacaagacaattgcactgatcatgaactcctctggatctactggtetg
cctaaaggtgtcgctctgectcatagaactgectgegtgagattctcgeatgeccagagatectatttttggeaatcaaate
attccggatactgcgattttaagtgttgttccattccatcacggttttggaatgtttactacactcggatatttgatatgtggat
ttcgagtcgtcttaatgtatagatttgaagaagagcetgttictgaggagcecttcaggattacaagattcaaagtgegetge
tggtgccaaccctattetecttettcgecaaaageactetgattgacaaatacgatttatctaatttacacgaaattgettet
ggtggcgctecectetctaaggaagtcggggaageggttgeccaagaggttccatctgecaggtatcaggecaaggat
atgggctcactgagactacatcagctattctgattacacccgagggggatgataaaccgggegeggtcggtaaagtt
gttccattttttgaagcgaaggttgtggatctggataccgggaaaacgetgggegttaatcaaagaggcegaactgtgtg
tgagaggtcctatgattatgtccggttatgtaaacaatccggaagegaccaacgecttgattgacaaggatggatggct
acattctggagacatagcttactgggacgaagacgaacacttcttcatcgttgaccgcctgaagtctctgattaagtaca
aaggctatcaggtggctccegetgaattggaatecatettgetccaacacceccaacatettcgacgeaggtgtcgeag
gtcttccecgacgatgacgecggtgaacttccegecgecgttgttgtittggagecacggaaagacgatgacggaaaaa
gagatcgtggattacgtcgeccagtcaagtaacaaccgcgaaaaagttgecgeggaggagttgtatitgtggacgaagt
accgaaaggtcttaccggaaaactcgacgcaagaaaaatcagagagatcctcataaaggccaagaagggeggaaa
gatcgecegtgtgagtcgacaaaaaacaaaaaacaaaacggctattatgegttaccggegagacgetacggacttaaa
taattgagccttaaagaagaaattctttaagtggatgctctcaaactcagggaaacctaaatctagttatagacaaggea

atcctgagccaagecgaagtagtaattagtaagaccagtggacaatcgacggataacageatatctag

Linear OVA
(257-264;
SIINFEKL)-
luciferase
RNA

templete

taatacgactcactatagggaaataagagagaaaagaagagtaagaagaaatataagagccaccgecaccatgcett

gagcagcttgagagtataatcaactttgaaaaactgactgaatggaccagtggggatccacecggtcatggaagacge
caaaaacataaagaaaggcccggcegccattctatccgetggaagatggaaccgetggagageaactgeataaggcet
atgaagagatacgccctggttcctggaacaattgcttttacagatgecacatatcgaggtggacatcacttacgetgagta
cttcgaaatgtcegttcggttggcagaagetatgaaacgatatgggcetgaatacaaatcacagaatcgtegtatgcagt

gaaaactctcttcaattctttatgccggtgttgggcgegttatttatcggagttgcagttgegeccgegaacgacatttata




atgaacgtgaattgctcaacagtatgggcatttcgcagectaccgtggtgttcgtttccaaaaaggggttgcaaaaaatt
ttgaacgtgcaaaaaaagctcccaatcatccaaaaaattattatcatggattctaaaacggattaccagggatttcagtc
gatgtacacgttcgtcacatctcatctacctcccggttttaatgaatacgattttgtgccagagtecttcgatagggacaa
gacaattgcactgatcatgaactcctctggatctactggtctgectaaaggtgtcgetetgectcatagaactgectgeg
tgagattctcgcatgccagagatcctatttttggcaatcaaatcattccggatactgegattttaagtgttgttccattccat
cacggttttggaatgtttactacactcggatatttgatatgtggatttcgagtcgtcttaatgtatagatttgaagaagagcet
gtttctgaggagecttcaggattacaagattcaaagtgegcetgetggtgccaacccetattetecttettcgeccaaaagea
ctctgattgacaaatacgatttatctaatttacacgaaattgcttctggtggegeteccctctctaaggaagtcggggaag
cggttgccaagaggttccatctgeccaggtatcaggcaaggatatgggctcactgagactacatcagcetattetgattac
acccgagggggatgataaaccgggegeggtecggtaaagttgttceattttttgaagecgaaggttgtggatctggatac
cgggaaaacgetgggcgttaatcaaagaggegaactgtgtgtgagaggtectatgattatgtccggttatgtaaacaat
ccggaagegaccaacgecttgattgacaaggatggatggctacattctggagacatagettactgggacgaagacg
aacacttcttcatcgttgaccgectgaagtetetgattaagtacaaaggctatcaggtggetecegetgaattggaatee
atcttgctccaacaccccaacatcttcgacgcaggtgtcgecaggtcttcccgacgatgacgecggtgaacttcecgee
geegttgttgttttggagcacggaaagacgatgacggaaaaagagatcgtggattacgtcgecagtcaagtaacaac
cgcgaaaaagttgegeggaggagttgtotttgtggacgaagtaccgaaaggtcettaccggaaaactcgacgcaaga
aaaatcagagagatcctcataaaggccaagaagggcggaaagatcgecgtgtaagetgectictgeggggcttgee

ttetggecatgceccttcetteteteecttgeacctgtacctettggtetttgaataaagectgagtaggaagt

CVB3 IRES

templete

ttaaaacagcctgtgggttgatcccacccacaggeccattgggegetageactctggtatcacggtaccetttgtgegee
tgttttatacccectecccccaactgtaacttagaagtaacacacaccgatcaacagtcagegtggeacaccagecacgt
tttgatcaagcacttctgttacccecggactgagtatcaatagactgetcacgeggttgaaggagaaagegttegttatee
ggccaactacttcgaaaaacctagtaacaccgtggaagttgcagagtgtttcgctcagecactaccccagtgtagatca
ggtecgatgagtcaccgceattccccacgggegacegtggeggtggctgcgtiggcggectgeccatggggaaaccee
atgggacgctctaatacagacatggtgcgaagagtctattgagctagttggtagtcctccggececctgaatgeggeta
atcctaactgcggagceacacaccctcaagecagagggcagtgtgtcgtaacgggcaactctgecageggaaccgact
actttgggtgtccgtgtttcattttattcctatactggetgcettatggtgacaattgagagatcgttaccatatagetattgga
ttggccatccggtgactaatagagctattatatatcectttgttgggtttataccacttagettgaaagaggttaaaacatta

caattcattgttaagttgaatacagcaaa

EV33 IRES

ttaaaacagcctgtgggttgatcccacccacagggeccattgggegetageactctggtatcacggtacecttgtgeg




templete

cctgttttatgtcccttcectcaactgtaacttagaagtaacgcacaccgatcaacagtcagegtggeacaccagecat

gttttgatcaagcacttctgttaccccggaccgagtatcaacagactgctcacgeggttgaaggagaaagtgttcgttat
ccggccaactacttcgaaaaacctagtaacaccatggaagttgcagagtgtttcgctcageactaccccagtgtagat

caggtcgatgagtcaccgcatccecccacgggegaccgtggeggtggetgegttggeggectgectatgggggaac
ccataggacgctctaatacagacatggtgcgaagagtccattgagctagttggtagtcctcecggeccectgaatgeggce
taatcctaactgcggagceacacaccttcaagccagagggeagtgtgtcgtaacgggcaactctgcageggaaccga
ctactttgggtgtccgtgtttcattttattcttatactggctgettatggtgacaattgagagattgttaccatatagetattgg
attggccatccagtgactagcagagctattatatacctctttgttgggtttataccacctaatttgaaagaagttaaaacatt

agaattcattattaaattgaataca

EV29 IRES

templete

ttaaaacagcctgtgggttgatcccacccacagggeccactgggegcetageactctggtatcacggtacctttgtgeg
cctgttttatacttcctccceccaactgcaacttagaagtaacacaaaccgatcaacagtcagegtggeacaccagecac
gttttgatcaaacacttctgttaccccggactgagtatcaatagactgctcacgeggttgaaggagaaaacgttcgttat
ccggecaactacttcgagaaacctagtaacgecatggaagttgtggagtgtttcgetcageactacccecagtgtagat
caggttgatgagtcaccgcattccccacgggtgaccgtggeggtggctgegtiggeggectgeccatggggaaace
catgggacgctcttatacagacatggtgcgaagagtctattgagctagttggtagtcctccggeccctgaatgeggeta
atcccaactgcggagcatacactctcaagccagagggtagtgtgtcgtaatgggcaactctgecageggaaccgacta
ctttgggtgtccgtgtttcattttattcctatactggetgcttatggtgacaattgagagattgttaccatatagetattggatt
ggccatccggtgactaacagagctattatatatctttttgttgggtttataccacttagettgaaagaggttaaaactctaca

ttacattttaatactgaacaccgcaaa

VCIP IRES

templete

gacctcgtgaaataaaagtgcagaaaacaaacccaggegatcacagecageagecgecgeggeageageaccaac
agcaggaggagceaggaggageeggaggaggaggaggaggaggaggcaaagttagagtiggggctggegetee
ggagttgctgggctcagcgeageteccattcattaaggaaccagetgeggaggaaggtggccgagegeecgegcet

geecactcgetecgetegegeactcagacgegegecacaacagegegecccaagetgegeagetctgeaaaagttte
tgctcgggatctggcetctettccecttggactttagaacgatttagggttgacagaggaaagcagaggegegeaggag
gagcagaaaacaccaccttctgcagttggaggcaggeagecccggetgeactctageecgeegegeecggagecg

gggecgacccgcecactatccgecageagectcggecaggaggegaccegggegectgggtgtgtggctgctgttge

gggacgtcttcgeggggegggaggctegegecgeagecagegee

T7 promoter

TAATACGACTCACTATAGGG

S'UTR

AAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGAGCCACC




3'UTR

GCTGCCTTCTGCGGGGCTTGCCTTCTGGCCATGCCCTTCTTCTCTCCCTT

GCACCTGTACCTCTTGGTCTTTGAATAAAGCCTGAGTAGGAAGT




