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Figure S1. Synthetic route of the circular single-stranded RNA

c-GS c-GAS GS GAS

Figure S2. Native page Gels analyze of single strand circular RNA(c-GS, c-GAS) and single strand linear

RNA (GS, GAS). Result showed the circular RNA moved faster than linear RNA in the gel.
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Table S1. Synthesis of circular RNA and siRNAs used for GFP gene silencing in this study.

T4 RNA
0 ligase

HO R~ O TTTTTTTTTTTTTITTTTT OH —
OH

GS or GAS c-GS or c-GAS

Name sequence

Sense circular/ [ ]
’
Antisense(c-GS/GAS) 5P —-GAA CGG CAU CAA GGU GAA CUU

UU CUU GCC GUA GUU CCA CUU G-P-5’

) ) 5'P ~GAA CGG CAU CAA GGU GAA CUU
Antisense circular/ UU CUU GCC GUA GUU CCA CUU G-P-5/
Sense(c-GAS/GS) L J

5’P —GAA CGG CAU CAA GGU GAA CUU

Positive Control(PC) UU CUU GCC GUA GUU CCA CUU G-P5’

5P -UUCUCC GAA CGU GUCACG UTT

Negative Control(NC) TT AAG AGG CUU GCA CAG UGC A -P5’

The single-stranded circular RNAs were dissolved in 1>PBS buffer and annealed with equal amount
of the complementary RNA without chemical modification to form the circular sSiRNA (c-S/AS or
c-AS/S) for further applications.
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Table S2. The sequences of RNAs used in the study and their measured molecular weights (MW)

using ESI-MS.
Name sequence Calculat ~ Measured
ed MW MW

Sense(GS) 5P-GAA CGG CAU CAA GGU GAACUU 6839.2 6839.9
Antisense (GAS) 5$P-GUU CAC CUU GAU GCC GUU CUU 6643.9 6644.8
Sense circular(c- | | 6821.2 6822.2
GS) 5’P —-GAA CGG CAU CAA GGU GAA CuU

Antisense | | 6625.9 6626.9
circular(c.GAS) 5’P-GUU CAC CUU GAU GCC GUU cuu

21LS 5$P-CCCUAU UCU CCU UCU UCG CUU 6500.7 6501.5
21LAS SP-GCGAAGAAG GAGAAUAGGGUU 6982.3 6983.0
24LS SP-AAC CCUAUU CUC CUU CUU CGC UVA 7488.4 7489.5
24LAS 5S’P-UAA GCGAAGAAG GAGAAUAGG GUU 7946.9 7947.3
27LS SP-UUAACCCUAUUCUCCUUCUUC GCU UAA 84299 8429.5
27LAS SP-UUAAGC GAA GAAGGA GAAUAGGGUUAA 89114 8912.3
c-21LS | | 6482.7 6484.3

5’P-CCC UAU UCU CCU UCU UCG Ccuu

c-21LAS 6964.3 6964.8

S’J-GCG AAG AAG GAG AAU AGG GUl!'

Single-stranded RNA (~ 0.2 nmol) were dissolved in water/acetonitrile (50:50, 20uL) containing
1% triethylamine to make a final concentration of 10 pM. The solutions were then analyzed with a

Waters Xevo G2 Q-Tof spectrometer with electrospray ionization (ESI) in the negative ion mode.

Control linear siRNA Circular siRNA

Oh 2h 4h 6h 8h Oh 2h 4h 6h 8h

RNase A

Figure S3. Native PAGE (10%) analyze of circular siRNA(c-GAS/GS) and linear siRNA(PC) were treated

with RNase A. The circular structure of siRNA could increase the enzymatic stability of RNA.

S4



A. Control B. Only GFP
© Tube01: P1 © Tubegfp: P1
(=]
? Q1-UL(0.09%) Q1-UR(0.00%) - ? Q1-UL(0.10%) Q1-UR(0.12%)

10°

10°
10°
.

PE-A

10°

Q1-LR(0.00%)

o Jariiig ;
B e B A amm —
104 10°  10% 107 0% 10* 10°
FITC-A FITC-A
C. Only RFP D. GFP and RFP
Tuberfp: P1 Tubet: P1
Q1-UL(8.59%) Q1-UR(0.02%) 3Q1-UL(0.05%) Q1-UR(12.41%)

=)

PE-A

Q1-LR(0.00%) . la

TP TP 2
0% 10t 0% 108 107
FITC-A

100% o

80%

60% o

40% o

Relative Fluoresence

20% o

0% -

Figure S4. Selection of the HEK 293A cells subpopulations by the expression values of both the GFP and
RFP genes. A) Transfected with no vector. B) Transfected with only pEGFP-N1 vector. C) Transfected with
only pDsRed-N2 vector. D) Transfected with both pEGFP-N1 and pDsRed-N2 vector. The average GFP
expression values of the selected cells in Q1-UR area. E) Quantified results of average GFP expression value
were taken by flow cytometry. Each result is the average of three individual experiences. The concentrations

of siRNAs were 2.5 nM. Error bar is indicated as standard derivation.
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Figure S5. 20% PAGE Gel analyze the ability of the linear strand leaving its circular or linear RNA partner.
A) The combine ability of linear DNA-FITC to different ratio of linear RNA(0.25, 0.5, 1, 2, 4, 8). B) The
combine ability of linear DNA-FITC to different ratio of circular RNA(0.25, 0.5, 1, 2, 4, 8). C)Ratio changes
of DNA-FITC combine following the increased concentration of linear RNA . D) Ratio changes of DNA-FITC
combine following the increasing concentration of circular RNA. RNA/DNA duplex was annealed in PBS.

The data of C or D were fit to a hyperbola function by non-linear curve fitting method of GraphPad PRISM.
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Figure S6. 20% PAGE Gel analysis of the binding ability of circular RNA (c-21LS, c-21LAS) with the
different length of the linear single strand RNA (21 mer, 24 mer, 27 mer) or the linear siRNA control. The top
band was the kink conformer, the bottom band was the fork conformer which moved faster due to the fully

folded structure.
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7 . 7 ) /4 b 2
L-siRNA* PBS L-siRNA® PBS L-siRNA * PBS L-siRNA - . PBS

C-siRNA" L-siRNA C-siRNA. L-siRNA C-siRNAgL-siRNA C€-SiRNA; L-siRNA C-siRNA‘i L-SiRNA

Oh 12h 24h 48h 72h
C
mice 1 Oh 12h 24h 48h 72h
tumor A linear siRNA 9. 48E+06 8. 15E+06  7.42E+06 1.29E+07 2. 16E+07
tumor B 0. 1 XPBS 4. 49E+06 7.05E+04 3.95E+04 2. 25E+06 5. 79E+06
mice 2 Oh 12h 24h 48h 72h
tumor A linear siRNA 2. 90E+06 1.45E+06 1.82E+06 4.36E+06 9. 75E+06
tumor B 0. 1 XPBS 7. 02E+06 5.99E+06 4.62E+06 7. 11E+06 1. 48E+07
mice 3 Oh 12h 24h 48h 72h
tumor A linear siRNA 9. 21E+06 1. 25E+06 1. 40E+06 1.88E+06 4. 88E+06
tumor B 0. 1 XPBS 1. 73E+07 2.23E+07 2. 27E+07 2. 35E+07 2. 35E+07
mice 4 Oh 12h 24h 48h 72h
tumor A Liner siRNA 9. 33E+06 6. 03E+06 6. 37E+06 1. 08E+07 9. 98E+06
tumor B Circular siRNA 1. 34E+07 7.93E+06 6. 27E+06 1. 03E+07 9. 82E+06
mice b Oh 12h 24h 48h 72h
tumor A Linear siRNAs 8. T6E+06 2.56E+06 4.90E+06 4.88E+06 1.42E+07
tumor B Circular siRNAs 1.47E+07 7.66E+06 7.50E+06 7.35E+06 6. 64E+06
mice 6 Oh 12h 24h 48h 72h
tumor A Linear siRNAs 6. 31E+06 748900. 48 755539 1. 88E+06 3. 65E+06
tumor B Circular siRNAs 9.22E+06 5.67E+06 5.09E+06 4.20E+06 7.33E+06

Figure S7. Typical in vivo real-time fluorescent imaging at the indicated time point after intratumor
injection. (A) PBS on the right and linear siRNAs (L-siRNA) on the left separately (B) linear siRNAs
(L-siRNA) on the right and circular siRNAs (C-siRNA) on the left separately. (C) Fluorescence intensity of
tumors for each experiments.
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Figure S8 in vivo real-time fluorescent imaging at the indicated time point after intratumor injection of
negative control siRNA (NC, left, 3 nmol) and 0.1xPBS (right) according to the similar injection protocol of
circular and linear siRNAs. After injection, the mice were imaged at different time points (12h/ 24h/ 48h/ 72h)

using the Maestro Automated In-Vivo Imaging system
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Figure S9. GFP fluorescence intensity of tumors (U87-GFP) after linear siRNA and circular siRNA after

normalized to the GFP level of PBS control group at different time.
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Figure S10. The MS of the RNAs target GFP gene with ESI-MS for single-stranded linear and circualr RNA
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Figure S11. The MS of the RNAs target firefly luciferase with ESI-MS for single-stranded linear or circular RNA

w0
g
2
1.4E+008 linear RNA 21LS
g Calculated: 6500.7
1.2E+0064 Results: 6501.5
- 8.6E+005
e | “
@ | 8
g | b
c
— 5,8E+0054
2.9E+005- o o o
1 QEquqwm v emny 9 o« e o
< o e A0 O v .. e Py o~ w m -
o.0ev000 b pind bl SV S 0
500 4400 8300 2200 16100 20000
Mass(Da)
<o
2
4 i 2 linear RNA 21LAS
. 7TE+005-
- Calculated: 6982.3
. Results: 6983.0
2.9E+005-
> 2.2E+005-
=
= -
w
L i
Q
- -
C
= 1.5E+0054
i < %
- -t % o &
o ] @
T.4E40043, 8 g
0E+0004
500 4400 8300 12200 16100 20000

Mass(Da)

S11



Intensity

Intensity

7489.5

4.6E+0064 linear RNA 24LS
R Calculated: 7488.4
3. 6E+006- Results: 7489.5
2. 7E+0064
1.8E+006 0
R 23
4 =
9. 1E+005-
. e ™ © o 0 o o
P o ~ P
0.0E+000 el 4
500 4400 8300 12200 16100 20000
Mass(Da)
©™
5
Ed
1.4E+0064 linear RNA 24LAS
J Calculated: 7946.9
1.1E+0064 Results: 7947.3
8.5E+005-
5.6E+005-
2. 8E+005- 2
™ -
1 o e N e gl Tg 2 o @
i e S P a a4 o o ~ o
] 8§85 § &S
0.0E+000 TORBUCE S U S Y NUIS S A S —t—y ——
500 4400 8300 12200 16100 20000
Mass(Da)

S12



linear RNA 27LS
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