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FHE: @57 siRNA SElleE ik, HTHEFRFEAT siRNA & EMasRie. FAYL3kE SYBR
Gold Fil Ribogreen 5 siRNA 44 Ji BE & H SR ZIDOG I BRBE, 43 5l SR FH FL K2 R 9¢ 516 43 16 0 v 5 g o4k v 1)
SIRNA & &, TS T8RRI, SYBR Gold HLykiE 1AM 2 P ol 0.2~2.0 pmol- L™ (R=0.993 0),
i A 3 AN R EICR 2 50 96.35%. 96.92%K1 100.74% (n=3); H A H K525 1 RSD BN T 5% (n =
5). Ribogreen 9% 673606 R M I LSS Bl 10~50 nmol- L™ (R = 0.997 1), . . & 3 AN Hn iR
53K 98.22% 99.88%H1 99.64% (n =3); H W HIFKE % FE) RSD /M F 5% (n=15). FIHIXBHF 77 ETNE 3
L BH 87 JIg Bk b siRNA 15 B0 320 98.52%R1 97.85%, ~F I B3R 73 51l Ky 99.20% 1 96.45%, 2877 25731,
PR ORI B . RO EUER T RS R MR A (s, YT B e AR R siRNA ()5 A
AL
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Electrophoresis and fluorospectrophotometry methods to determine the
content and entrapment efficiency of siRNA in cationic liposomes

SHEN Yan, TU Jia-sheng’, PANG Hui, ZHU Jia-bi"

(Department of Pharmaceutics, China Pharmaceutical University, Nanjing 210009, China)

Abstract: To develop different methods for determining siRNA content and the entrapment efficiency of
siRNA loaded liposomes, SYBR Gold electrophoresis method and Ribogreen fluorospectrophotometry method
were used respectively. SYBR Gold electrophoresis method has a good linear relation in a range at 0.2 — 2.0
umol-L™" (R = 0.993 0), and the recovery at the high, middle and low concentrations were 96.35%, 96.92%, and
100.74%, respectively (n = 3). The intra-day and inter-day RSD were far below 5% (n = 5). Ribogreen
fluorospectrophotometry method has a good linear relation in a range at 10 — 50 nmol-L™" (R = 0.997 1), and the
recovery at the high, middle and low concentrations were 98.22%, 99.88% and 99.64%, respectively (n = 3).
The intra-day and inter-day RSD were far below 5% (n =5). The content and the entrapment efficiency of three
batches of siRNA cationic liposomes were 98.52%, 97.85% and 99.20%, 96.45%, respectively, with these two
methods. And there is no significant difference by ANOVA. Both of the two methods are accurate, sensitive,
convenient method for determination of the siRNA content and the entrapment efficiency of siRNA loaded
cationic liposomes.
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FEAEHIN T A siRNA ) ¥ HE N Rk 5%
L 90%Lh b, HEEIE 99%. L, siRNA 1EH
B DR 0 T RERIE ST 1047 R LR 45 SR DRI i R B A 2
i TAAAE I AT P T I A TR 6 0 e R 28 rh A 2 T
TRBEBUA, T AT R A Bt AR B A

R DR 10 A a3 2 I o A 1 o 4 AT B v
oI SRR, IO R XTI R siIRNA 5 Rk
ATINTE o H AT B AR R D] U7 32 B 5 A0 000k
FEVE A NG REE A LUk o IR UM B2 7
260 nm AL, RIS 66 EEVEAE HT TR
TR RERE D R sIRNA (1T &, Ih4h, Ak
JE G R AN 96 A2 R T2, [ ARC ] 5 ek v 1%
(fluorescence fluctuation spectroscopy, FFS) Fl1%¢ Y AH
i (fluorescence correlation spectroscopy, FCS) F%
AR E B AT sIRNA 5 A E R, X5
IR, FEAE L FH LD, BASZ MR 44, i& & siRNA
AN E o AELIXA 5 325 5 EE R R AN AR B, FE TR,
ANHITAZVER M BT o 567 6 RS LR
e FR PR RN R BURE , I AE R AT 2 B« Skl
(R JE P8 2 9 6 43 e BE VR IR OB . NI S T
Hochest k-5 93 606 BEVE N 5E Jig WA h DNA )
i, {H Hochest j&— M £Ek s (OALRL, BES 400
201 DNA ¥t gs &, JLP-JC RNA SEAITE, Bt
AEH T siRNA FERNE. HT RNA RIS
96 6 ekl 1 347 . WAL &8¢ (EB)~ SYBR Green II.
SYBR Gold } Ribogreen. EB J&— i F it e s 4 (6
POCHEL, T A S HESARIOL, 5 RNA
Lk DNA WA BRI S & RE Sy, P AT T
THE P siRNA HEAf 2 5. SYBR Green 11
BRI RS e — MR BF ARRIR 2O B, JF HiX
el FH 7 2 R KR 7 Se 3 s T B SE B e B
&, X T<50 bp FEP B RE S B K SIS
<100 bp HE P& Fr B 23 B8 2 FL AT T B0 e KB
3, BIIFANE ST 21 bp ) siRNA S ENTIT.
SYBR Gold X /N B B R e (4 g ) e, HO AT
e RS I, O] HI T L IKIR T siRNA 25 F il
SEMFFE, Ribogreen & —Fhitk N9 eYekl, wJ LA
R 20 jz sa 201 RNAYL 52 DNA - KR S,
WA T AR R R R B A T siRNA (3 5l .
I, PGk SYBR Gold fil Ribogreen, 733
KH SYBR Gold— € f& HL Uk i Hil Ribogreen—4¢ )53
M I siIRNA 17, [ PR LR

M#5FH*

S5 RF-5000 286 6 (HAR
HEAAD; B E1% A4 (Pharmacia Biotech, 3 [H);
YK (DYCZ-24A, dbui/N—4#%) ); NIH Image J
PG Ab FE B PFE (Macintosh A 7], 32 [H); Ribogreen
(invitrogen, USA); 4K GHENE (il X2k
HIRAT); 3BIN-(N', N - F LG Kk 2,35 B P I k-
JH[E [ (DC-Chol, ZfSCHR[8]H A % &), JH25H
(L8 J7 F A A B 245 [ A7 B 2 W ); SYBR Gold
(Eugene 7 FHR%EF A 7], USA); siRNA (g7 H A #));
SEIG H /K382 Mili-Q #EalizK; AR A 2 #rati

THMBEFRERESE FRI DC-Chol AKX
T2 10 mg, SR AHAHS KA (5%
AR BIELHI A 2.5 0 1, 767Ky 8 A A0 b 4 3
20 min 13 BIWIIR PR B AT BEkHE S o
0.22 pm FERR IR BRI, 492 11 B & 1 A

HEFERBFRERIAMTIE siRNA FFHET
N A 43 ) FH 25 B KR B, B A R 1 2 11 BH 5 7 I
JFiAk (DC-Chol ¥ JE 4 250 pmol-L™") 2 mL & A
500 uL siRNA (25 pmol-L )W, i #53+/— s fif LL 4
H1 L FiR N R AR A 15~20 min, BIJE R 2
(RPHES 7 g idk . Horh siRNA 1S 1 PHES 1 i A4
(19 AH XF # DA +/— W fir bR s s 1E F g DI O
DC-Chol )& & 1157, RI4EEE /K DC-Chol 47 1 A HA7
(R IE LT AT DL sIRNA P PRI L B 11 5, 45
IRBEEET 1 /N FAALIR SR R AT, BEBEJR IR siIRNA 2747
40 A ERAT R AT

SYBR Gold—3 £ B k%

PGkl (SYBR Gold) ELiil ¥ SYBR Gold %
JtYek A TBE (10.8 gL' Tris B, 5.5 gL~ IR FI
0.58 g'L™' EDTA) 2R 10 000 5.

FrdEmiZe  HUS pmol-L™' siRNA I, 20 W HL
1.0, 2.0, 4.0. 5.0, 8.0 f1 10.0 pL TRAMELE
o, 3NN Hepes %03 19.0 18.05 16.0+ 15.0.
12.0 F1 10.0 pL, 7AHRA 515 — FR Y1 siRNA bRl
Wo THELE TN EREEMIR (50% REHE -V 1
LW 5 L, WA S0 R A A 20%5R P I e
2 (PAGE) ¥k i\ _LIA%W 5 ul, 100 V H
JERHK 2 h G, FERA SYBR Gold %644k}
et 20 min J5AERERBUE R (254 nm) Y&
siRNA £77 741 8 . H Image] (Wayne Rasband % 5)
BT LK 4% i PR AT Ol ot 2 1 B A e e
DAFF: St B2 A R AR, B A0 A S Aok 550 LR PR o 2%
T 1A% B il 2 AR THI B A AR R A B v il 2600
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AR SEE O IR U IR AR 10 uL, 43
AN E AR 3 ANIKEER siRNA FRUERTI S uL,
#E 15 min 5, M 0.1 mol-L™" Triton X-100 ¥ Al
0.1% T Z WM 2 uL!", {f siRNA M BH 1 Jig FuiA
TR FEIDA RNA SRR (507 @ Al @ =+
JREE =25 124 1) 25 pL, V{7 15 min 5, 7E10 000xg,
4 CHAF T E0 20 mine WAHER siRNA [R7K A 4),
HIN EREGEI 6 uL, Fer iR JEWIE 5 uL T
JRANFEFL T, It ri vk D B S siRNA . 4% Hilbs
V2R 5 Rk Y siRNA [RUREE, T8 R .

FER RSN i “hRUMEMZR I IR EAE
Tk, FHWEHME (S H) WEm. k3 Frik
FER siRNA &, THEAHE.

PHES TR i siRNA P& HE % 5
LR B 1 i A A 10 uL, 4 BA B3R DT
e, SR siRNA (R JE

IR PH 2 R R B R e e BH 2 )l
BN siRNA 233 B AE B FL i 29 (1)
SIRNA 25 HL vkl REAE eI Hh 1 4 » A 4507 B8
(1) siRNA 5 EIEHNE TR 85 . R AL DA
BTG AR AR 15 pL, I _EREZEMRIE 5 ul i
A, WS pL IMARBER LS, ko e 0
GLYF RS SIRNA R 4571 I bRt ith Ze IR 18 7 Vvt 5
Wi SiRNA WRJE (Cree); [ A 25 5 B2 Ik PR B 25
TR AR BRI 10 pL, %5 5l 2 T vk 5
FHES T MR AT siRNA FLEIKEE (Cow), MELER =
(Ciotal = Ciree) / Crora X 100%.6

Ribogreen—#% 62 6 Y6 B ik

PN B 25 nmol- L' siRNA %9 5 Ribogreen
Yeil 2 mL ¥5RA . S ROCHRI9], 56 Il e ok K
7E 500 nm &b, FHE R TR RO R ST AL,
PRI (BRI GBEE5E 8 5 nm, 286
HWJEE 1.0 cm),

g 5 EL 0.1 pmol-L™' siRNA ¥
0.1, 0.15. 0.2, 0.25. 0.30. 0.35. 0.40 1 0.45 mL

B OB T, I Ribogreen (x200) % Yok}
0.5 mL, 727 RA 5, 7 3MA 0.4, 035, 0.30+ 0.25.
0.2, 0.15. 0.1 F10.05 mL [¥) TBE ¥, {H7F&ARR
g2 mL. [ e RIS AR S K, g 9 sa .

[N et B IR U AR 10 000xg
(4 °C) £MFFEL1.5h, BRI 250 pL, 2- 5l
Hia AR 3 ANKEER) siRNA FRUEEIR 250 L,
JI Ribogreen (x200) %644k} 0.5 mL, H TBE %2
MVRE 222 2.0 mL, W 5E G BEAE . 2 0 U

&M 250 pL 5 Ribogreen (x200) ¢G4kl 250 uL
ARG S, H TBE S22 %) 2 mL Hil43 . M
B 28 7 R sk 1 siRNA HIWRJE, AL % .

FEVESCHG AR DRI IR o A% JR A 5 Y8 4
R B0 5 I B35 250 uL, i Ribogreen (x200) %
JtHYEL0.5 mL, H TBE 22 UE 253 2.0 mL, W&
PN o 1% bR e Hh £ 07 FEsR Y siRNA [RKJE,
HESEME S do

FEAASE TR 2GR bl A TBCE I AR L i
JE 2 R A EDR, S RE S I e ek iR 2, DR Rk
1T Ribogreen-siRNA F£ 5t [REEMEFE %L T 0. 0.5,
1.0. 2.0. 4.0. 8.0 12.0 F1 24.0 h il & LA G, LA
2 G I T) R 5 't 5 1R 5 1

FH B 7R A siRNA & BEE R 250
WIEDR JFAR 500 L, A 0.1 mol-L™" Triton X-100
VAW 250 pL, % JiE 2 min J5 , I Ribogreen (x200) %%
Je4 kL 0.5 mL, H TBE ZZiffie %) 2.0 mL, W&
GEICIREA o 7 ANARAE MM 7 R, VSRR gk A
SIRNA KB (Ciotar) o

BRI PH & 7R A A B e B S
FH 25 7 g A9 500 pl, 7F 10 000 x g (4 C) 414
FEL 1.5 h, K BB LW 250 uL TELEH,
JI Ribogreen (x200) #¢Jt44 Kl 0.5 mL, M TBE 2%
MBE A F] 2.0 mL, WE S OGHRFEE . A7 AN bRUE 2
Ji R, VHR AR T sIRNA B (Crree) o
JIEDES R (Crotat = Ciee) / Ciotal X 100%0

R

SYBR Gold—3 £ B.iki%

1.1 FRAERZRRLRE]  Fbr it i Ze i AR TV T
BRI (B 1), B% siRNA Fibrid)E,
H Imagel] #AFHE o7 58 BERAR O3 T M 2, LARR
G EIBCRAE (Area) JWMAAR, siRNA FE 5K

Figure 1 Gel assay of different concentrations of siRNA
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BE (C, umol-L™") NREARKR, 15 RIbrUERIL . Area =
1160.9 x C+105.19, R*=0.986 9. £ R Kif.

1.2 [EWEXE 4RERY, &L by K3 Bk
(I [T AE 95.0%~101.0%, RSD<2.0% (% 1), 54

Table 1 Results of recovery experiments for electrophoresis
method
Added

Measured Average

/umol-L™! /umol-L™! Recovery/% recovery/% RSD/%

0.21 0.198 94.286 96.35 1.99
0.203 96.667
0.206 98.095

1.05 0.996 94.857 96.92 1.95
1.022 97.333
1.035 98.571

1.98 1.974 99.697 100.74 0.96
1.998 100.91
2.012 101.62

13 FEELW HIREN, w. PR3 MR
T TRLAT I 2R 7 28/ T 5.0% (3R 2), FF G JTiE 4

Table 2
method (n =5, X +5)

Precision of the determination for electrophoresis

Added Intra-day Inter-day

-1
/umol'L™ Measured/nmol-L™' RSD/%

Measured/nmol-L™" RSD/%

0.21 0.199 + 0.004 2.01 0.204 + 0.002 1.13
1.02 1.012+0.016 1.58 1.018 £ 0.011 1.08
1.97 2.021 +£0.022 1.08 1.992 +0.032 1.61

2 Ribogreen—RXK XD KA EEME siRNA BEF
EEER

21 BARABARKMEAASFEKOBE &K
HE M2 IR 4E v, #33] Ribogreen 457 siRNA
(1) d5 ORI e KR S A DL 20 I R] O,

Ribogreen 455 siRNA [ f5 KB I s R R SR
K50 5l 492 A1 525 nm.

22 fRAERRZ  7E 10~50 nmol-L" I 5% 6 i B Ak
R R At e R, HEME R Fi = 2.761C +
2.694, R*=0.994,

2.3 [EIRERIE 458 EL0], A IR AE 95.0%~
101.0%, RSD<2.0% (& 3), fFH ik EK.

Table 3 Results of recovery experiments for flurospectropho-
tometry method

A M Y
/nmi(:f’l /nz.s:;j Recovery/% re’:::ji/e% RSD/%
10.52 1021 97.05 98.22 1.09
10.43 99.14
10.36 98.48
2531 25.19 99.53 99.88 0.48
25.23 99.68
25.42 100.4
4876 48.65 99.77 99.64 0.13
4859 99.65
4852 99.51

24 FEREEZR 4R, . b K3 FREER
H AT H A AR 73870 F 5.0% (R 4), FF6 7 552K

Table 4 Precision of the determination for flurospectropho-

tometry method (n=5, X +s)

Added Intra-day Inter-day

-
/mmol'L™" Measured/nmol-L™ RSD/%

Measured/nmol-L™" RSD/%

10.32 10.19 £ 0.34 3.36 10.14 +0.26 2.56
25.64 25.55+0.26 1.03 2546 +£0.57 2.24
49.48 49.32 £0.062 0.12 49.34 +£0.22 0.45

25 FEMREME R s TUUEH, =AM TR
FEFES T LURCE 2 h 2247, Ak, Ribogreen %¢ 56l
TFE I 0 20 I FH A

575.920 551.977
=z
Z
2 286813 274310
x| |
125.382 ‘ ‘\/ M 137.110 \J L//
2224 /j Bt 2148
400 500 525.055 600 ST D 00
Wavelength/ nm

Figure 2 The max fluorescence emission (EM) and excitation spectrum (EX)of Ribogreen-siRNA solution
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Table 5 The stability of Ribogreen-siRNA samples at room
temperature (25 C, X *5s)

Time/h Fi Time/h Fi
0 96.43 +2.67 4 85.78 £3.43
0.5 95.74 +£3.12 8 76.31 £2.18
1 95.01 +£2.64 12 54.32 £3.47
2 93.63 +1.87 24 26.74 +£2.66

3 WRAENESREEMEFIERIAS siRNA &
EMEHE

53 Sl 4% H s P R 0 R s ER N T R
Y, WS 3 HEBSERR ik siRNA £ i fil 4 %
W3 6.4 ¢ Ky, PIFh T vETE B T % % (P> 0.05).,

Table 6 The content and entrapment efficiency (EE%) of
siRNA liposomes (n =3, X +5)

SYBR-Gold Ribogreen

Content/% 98.52 +2.64 97.85+3.71

EE/% 99.20 +1.38 96.45 +£2.65
Wit

PAVH SEATL 4 AR T8 3 B v vk 1 % AN A2 i A
FORW R ET7 ), 2 ARAL  BHE RS DU = B B
. Imagel J& 1 Wayne Rasband %5 1) Mac B4 43
AR, vl BRI P8 RE . B0 KA
& XM 22308 XS0 23 M, B SRk T s 4 AT s e
PRAR KA FE 4. ) Imagel 3BT HL Ik B3 AT R
L P50 -8 B /e PE R R B RIBURE vy
FRAETTHRE S WE oA BORFE /D 0 e i P 3 T R AR
TR R BB e IR, iy Hoo] DU h 2 #r 2
ALK B, AR BRAR CAE N 55 B s, e
TAERE.

HTAE siRNA BB APRk R, 2
FGE A FIE, Az by e T 50 pgemL T R AR
12, 0.1% (w/v) BFZWW, 4 mol- L™ &ALBIE W, #%
AHE 0.1% (w/v) HFEEAE R B &1 JIg Bk i) 2
i 5

FRAN 6O BEVE AR T A% B2 A 260 nm ¢
AL HAT B R SO0 ) R, 23 D606 B T A A
TERBEAR IO G, M R IR AT B4 e & . (R
F1 5T B, e AR S B AR ISR AT, O R A i v 1)
BN AL IR (1) 7€ & R AT RO GE W SN0 B AT
fAT (s PR, R R SRR, PRI S 3 ng L )
FE o ARV BORAZ R i 1 20 B2 AH 2 5, 1T HLAE A
D RNA REFE P PR 35 A1 45 RNA R B2 oK PR, 1R
MR BIRG I 1) 0E .

Image] ACFE UK RIS, FLAC A TR AL 2 1)
S5 RATIR GG o — ki, M 1) 457 23 3 il RSD
G R . RIE, T ORSS T Sk, AR UK IN 5 7
BULFIUs: O I 28 i 75 B2 R0 LIk 28 g [+)
P T o P YK B 28 R e el VR T 1~2 mm BRI . @) £
i S T O P VK R, A I SE e kg, e
KA TG . @ FVKIN B AN &, AE FLUK T
15 min JIBAGHE (3 Veem™), £ 4441 LS R
i, FLIK I HEAS MR 20 Veem ™, SR T 30 Co
@ FRERP RS INRE, FERESD B AR DRSS PR
J&, BEFFEAE 1~3 pl.

Ribogreen %¢ 643 Y66 FETE ) RAUE H 0.5 nmol L™,
B 5T SYBR-Gold FEiK i R BUE (0.625 pmol-L™),
H Ribogreen %¢ 73 't I B V2 I 5 — AN K b 1 1F i)
{4 2 min, 17 SYBR-Gold FLIKIENIFEZE 1~2 h, i
Ribogreen ¢ 5t 43 ) 0t vk W AL 1 R I8 B 5 %%
SiIRNA 7% 5l %€ . {H Ribogreen M #% & 51 H ] 45
K, MIXHTE, SYBR-Gold LK M RAEAR, &A
KEFES S 2=NE .

siRNA 5 Ribogreen %G H4 R 4545 75— & (I
], VR WNAE M T, @t 5 min J5 A4 RERET 9%
JedsEt . iR R PRSI AT A, siRNA 538k
YoRL 856 Ja RS 1 5 B A I R K AT — 8
FEIEDR, T LA AR B 0 20 I FH IR

B o T AW )2 N, B R
YER RS B B, IR i fE e
R RERE K AT v R B | sl R A s b
AE I R s s v, e o R A I B U N B
AR, FERRKIEZRV|SHT (serial analysis of expression,
SAGE). WS A (microarrays). 7 5 2> 1)
XSS AR A H RT3 o AF I S8 B AR A ARG
PEREZE T B IR e A1) HL 2 B D AR AT
M CAHE) A o RG24 7] 2% A0t T 25 R Ak v
FZTR 1 5 e, 58 HE R FL bk RN 26 6 JL Bk 43 )
JEE v T R B AR A o YO BE R B £ U v
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