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HABRHRE | I TE B S F 45 4 i RRS BT 2580007 0 T A PR, i
KT TG AN JC AR iC i AR M A% AR BT BOR BEE 1 AEAt

NI, AR SO 575 4R S-Prol (9 BLE DNA S BE (R i e FIRAE . 28 SELEX $OR 1 S FE 1R 1675
#'T5 S-Prol 2EMIJIAR i f) DNA RIIEGH 4, LBk -5 R-Prol R AT H R DNA, #5815 S-Prol 4724
B0 DNA , BRI EERRIE FC AR (Aptamer) o 5§ 46 Y9 DNA RERLE FC A PR ) DU e 42 . F T RRS
Xof ISR 28 O SR RS BEURK, T AR A0 A5 TP X AR R SR AR 25 57, RS2 S-Prol 555 AGE FE 1A
545 )5 ) RRS 5158, T R-Prol 51 LIRSS 5 )5 1Y RRS JL-F-BEA A4k , TR A8 30T e 1A 5 3 i 1A
e S 2 5 R LLEA T O Pl LR T 0 L8 2599 Prol R4 T TR o EARAL S50 25 1F 1Y
SEAti b RRS SREZAYIE NS S-Prol ¥k B S L METEAN G, T AT X S-Prol #EAT S B0 AG I , [l i X 4011 i (A<
HY) R-Prol HEATTHEL 34T , AL BN 28 53 B TR SEB3AT: ity ) S-Prol F1 R-Prol #E47 i) Iyl 2

1 SRy

1.1 FFYER
P A e SO 3% (HPLC) 2L M SERZ R B AR TAEY) TR (L) A IRA vl G . 519 %)
GO T R B BEEES RN (PCR) P44l AR50 £ B b TS IR 7 5 PAGE Ji [l
W G B AR AR TR ( I ) A PR 7] s Tag DNA 5 . DNA marker loading buffer 1l B K i%
FAEYA F] EZERE R B BB T IR R Ao A ST B R A ML AT R W) o Tris B854
Tl AL S ARSI A BT T R A FRA /L e Al VA Al S . 455 SIS X
Binding Buffer ( BB;50 mmol/L Tris, 750 mmol/L NaCl,50 mmol/L KCI,12.5 mmol/L MgCl,,5 mmol/L
CaCly,pH =7.4) ™ IFJAFSE ALK 5 S-Prol (454 LMY pH {H.

&1 HETRAKSIMSMARTE

Table 1 The initial library and primers used in the assay

Name Sequence(5’ to 3")
Forward primer 1 Poly-( dA)20-Spacerl 8-AGCAGCACAGAGGTCAGATG
Forward primer 2 AGCAGCACAGAGGTCAGATG
reverse primer 1 FAM-TTCACGGTAGCACGCATAGG
reverse primer 2 TTCACGGTAGCACGCATAGG
Initial library AGCAGCACAGAGGTCAGATG-N40-CCTATGCGTGCTACCGTGAA

F-4500 BIGENA N EEAL ( HA H S22 R FTIC #9061 (g% 10. 0 nm) s FS 5 BISEEEHE
(Tl 2 T #8090 57 2L 9R B A B3R 6 15 (Bg% 9 5. 0 nm) ; UV-2700 BL58 Sh ] W3 66 B 3
(UV-Vis, HABHA A T30 MO 1 ; WD-9402D £ PCR AL (Jb 5t /N — AW FHEA R A A 5
DYCP-31 CNEIBUSHE A L IKAL (FE 7S —E M RHCA FRA R ) s DYCZ-25 DAL B HL KA (FL At 7R —
PR AT D) LRH-TO B2 (85 6 L5 —F0/A 1) 5 THZ-300C HFELHE F6 48 P (13— 24
1) s Bio-Rad 2000 THBEE L 1% 36 56 (8 {1145 22 ) :90005-02 T4k R4 (3205 LABCONCO 237 .
RNA structure 6. 1 ( 3£ [E Mathews lab /3 F])

1.2 ZHHE

FgE DNA SCZEAD & — > 1 40 AN Z AT IR o BERILT 51, BEAILIT 510 19 0 2 61 5 1 5 | 0 45 5 Ar
B (5'-AGCAGCACAGAGGTCAGATG-N40-CCTATGCGTGCTACCGTGAA-3") , 5|#)( FAM-TT CACGGTAG-
CACGCATAGG) f1¥5 —5 |4 ( AGCAGCACAGAGGTCAGATG) 1T PCR §"' 44,

12,1 SCPEEfAL B

AT, ssDNA A% T ImL 255 0PI AE 95 CHERE 10 min, BES SZEIPKIE 10 min, AR5 7E 2 4%
fF T E 30 min DU HOY B =454
1.2.2 @ FCIAR A Y i

WA 1R GO-SELEX J5 i xR 51 S B 250 /R B Be A A7 i 6 . LASE 1 $8 3% 44, 1 nmol
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BEPLSCES 1 mL 4 mg/mL GO B IR &, % 8505 , 38 1iE . SRS 1 UTIEH A 50 nmol (4 S-Prol
(32.42 uL i) 0. 4 mg/mL S-Prol +120 w5 x LEA R g +447. 58 L KK, 3 600 wL), RIRE .
TP ZIR BV T B0 )5, WIS & T S-Prol () ssDNA [ 35 25 FH o 280 58 I B ik T B 48 S5 1R 67 7
N, LRI, #5467 PCR 731 FTSBEI A4S 0T —4% ssDNA SCPE

_3. Centrifugation = {{
3 T Hw 4. Add S -propranolol
y R

IAXRXX:

GO-SELEX :‘ ";'; Y
-
Positive selection IS

(1-5" round)
7. ssDNA ﬁentrifugation
preparation Vo~ )

/W\ 6 PCRampllcatlon 79N

8 Add R- propranolol

14. ssDNA
preparation GO-SELEX
Counter selection

4 (6-10™ round)
NHOON

13. PgR\M

amplication /‘i}\ € / —— X
12. Centrifugation e WA
NN

A SSDNA Jffi‘;}“;{ GO @» S-propranolol R-propranolol

;;;;;;;

Bl 1 SELEX f§ifi it 72
Fig. 1 Schematic illustration of SELEX process

FEER 6 SN ARt R o K550 5 587 5 R HEAR R-Prol IR G B GIHH . EIRAEW T INA GO
RIMIAETT GO FE MR 5 S 10 BEARZE G 1Y ssDNA . B0 , ZXBREE G R-Prol | ssDNA bV, 4
B GO PLiE. KA ImL 1 x BB S U ADURE , 80 J5 2 BREEA B S A L bR-ssDNA 5 W) SR )5 BEAT
IEFf e AR, PTG g IR . 285 B H VKO S A5 PEEAT RN, 64T PCR 973, FriRBEIR & alife /s
N —% ssDNA %,

?EF&?‘HJ{WJV 230 10 B0 18, 0k PCR 973475 3 5 AR E = YR 5 56 5t 7= , Horb St 7= ) hy
SRR L) o TR RRS 200 TR 2 v BORE 1 2R 4 S G A kg R, RO 38 4R A B2 45 v I, RRS 58 AR
15 IR SR AR LRGN, RRS SREEARMG . Fy bl , ] RRS 4G I AR 3 FC A4S %) 25 AT 2 AT AT 1
T AR B R AR A B )3 PO SR MR G R, X S 8 BT S EAT T RRS A, R RRS Ol
TEIG R AN 2 R, B 2 Hdras VIOV VL, IX K X34y 5 48 50 7 ) 5 AR 45 4 1) RRS O3, Horp
6 48 K Ui P IAE 350 nm Kb RRS 58 H s ,9 $E R0t Ik Z o %5 1E 3 6 8 B0 ) Rk AT 1 — % S0
et B, FUKIF X S #EAR R-Prol HAT —E W RN T, BRIIMTHEAE O H6 S i 7= 400 Ay i s foe ¢ 7™ ) RV 3k P
Y

XFE 9 e M HE TN A5 BIIE 4 T3 2% ssDNA JP51] . 840 RNA structure 6. 1 730875 , AR 7471 Hh

31 ZRFF AN BBk th 64T RRS A, fIr#3 RRS %l%ﬁﬂl’é—l 3 i, 78 300 nm &b, FF 5 EAR 4 T REHL
ssDNARE RN ZS AR A (EIL A Pro05 (1) RRS 58 ey , BPAHFIZ5F T, Pro0S X T 1E G #LFR S-Prol 2 1
JIEGR , — A o B, I Pro0S Bipkidk i ke VR ik oA, R4 7 f5 a5
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Fig.2  RRS spectra of the binding reaction between the
screening product and the target
Curves VI = X :RRS spectrum of the binding reaction between
the screening product of 6 ~ 10 rounds and the target

(n(product screening) =0.1 nmol, n(S-Prol) =1 nmol)
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Fig. 3 RRS spectra of the binding reaction between the
aptamer candidate and the target
Curve a — m: RRS spectrum of the binding reaction between
aptamer candidates and the target

¢(S-Prol) =300 nmol/L, ¢(Apta Prep) =5 nmol/L, pH=7.4

TEERSAET, T2 mL B0 R 100 wL 0. 1 wmol/L DNA 200 pL 45422 kS x Binding
Buffer, ;& 75 2 1 mL, 28 740 P 3d #2 J5 , MK U AAH B & (1) S-Prol F1 R-Prol, 200 pL 4545 2% 1P i
5 x Binding Buffer, & %5 % 2 mL, & FCAA SHEARIR G /U 0. 5 h &, JF iR 44l DNA-BEFR S50 RRS O
T, WAYE I TE 250 ~700 nm, $EE K 2 nm , FFFEH R RRS P AL IC SR R 1 RRS KR B2 1L

[ S 9 2R SN SO, I Y Bl BEAE 250 ~700 nm, BR4EH 2 nm,

2 ZER57He
2.1 EERESEERRESESHRELE

SR TR R EE ST WSO TE R A IS B AR 15 BE S REARSS 5 IF 7 A TR fE (L 4) o

TEMESEEe  , JCIE BCIR TS BT, S-Prol il R-Prol (145
SRR SR T 288 nm, [&] 4 §5ER a F1 b PR IRIL
WERILT S 2EE. B 4 TR o ik i A
Pro05 , He 5ot W S WA I 7 259 nm Ze A7 o i FL A
S HERY) (S-Prol I R-Prol ) 54 T8 Jiiid ic (- b &2
I B B i R SO BRI AE 261 nm 2o Ay, 2RI {2
A%, MilE] 4 52k d e, X P 2R RO 2 i Ll 58
2EE, NIHEN, &R SRR E T4H,H
1) oA BE Ul W5 C 40X T S-Prol Y& —1E,

2.2 EfESEFERFENREESER RRS
ik

N T B UERE PO X T S-Prol f& — VA i R A
P AT THE— PSR B S AR 453 9 RRS
Jeik . Al LA i S-Prol 5 R-Prol #iIA7 I HAK 5
FE RRS JEil, W] TR & S-Prol 15 R-Prol 13k
KRR AT, B LU 32 BE ST fBL (ILIET 5 152K a

Fb) o il FCHR S SRTHERR R-Prol (4S5 AR AE BRI RRS s EARAL (ULIE] 5 54k d) | 15 1E G 4L AR

0.8

a. S-propranolol
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=
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Fig.4 UV-Vis spectra of the binding reaction between
aptamer and target

¢(S-Prol) =250 nmol/L, ¢(R-Prol) =250 nmol/L, ¢(Pro05) =
5 nmol/L,pH =7. 4
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S-Prol &84 = AE T AR AL (WLIE 5 152k e) ,RRS 5 B 3458, 3 3% B 3E FL IR 5 1 0 ¥R AR 1) SR AR R
PO AR e, BT PC P55 T G B PR 380 08 1 BT AR o pl 0, 3 BE AR T A RA Aoy 14 2 A

N —1E, Al T8 2R R FE o
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Fig. 5 RRS spectra of the binding reaction between

aptamer and target
¢(S-Prol) =250 nmol/L, ¢(R-Prol) =250 nmol/L, ¢(Pro05) =
5 nmol/L, pH=7.4
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Fig. 6 RRS spectra of the assay aptamer detect target
of different concentrations

¢(aptamer) =5 nmol/L; ¢(S-Prol) from a to g/ (nmol-L™");

5,25,50,75,100 , 175 ,275; pH=7.4

2.3 ERGFE5EEERFEXBEFZMERN RRS HiE

Xof S-Prol FAAGIN J2 5 T JH: 55 R RIS e AR =2 (1] A0 5 S 52 g R 22 A0 174 508 A2 B 1 i it R S O 1%
Tk o PR, B S FC ] S-Prol ZR 4R BE AR TR W , #5555 5 510 SRS [l B2 R B0 AR 5 — 8 VAR B )k T
IRZES ) RRS SEIEAE A =300 nm AL F5R I, 5 50N 6 HHAYHE E BT , 7 5 ~ 275 nmol/L Ay S-Prol ¥k Ji
THREIN , R R R oy =720. 88x + 126299, AHIEZEHM (R =0. 9945 4 HFE 4 0. 5 nmol/L,
2.4 KWEHMRL

TERT A IR 3L A b, S0 ORUE IS BUAR BB FE S B A5 T R $E/E R, Je B il & SE 5R 7 5
s 30 A PR A ) () 252 o AR 0 8 3 8 v T8 ) 0 0 750 40 ) 38 AR T8 ) 4 100 L 0. 1 pumol/L, FF2
FRI IR TS B Pro0S , T RAASINAA 2 rp i3 Bc A4 HI 2 100 WL 0. 1 pumol/L Pro05

T DNA S RE i, O BRUE L o, R 2P0 R
FFAL3RBE pH =7. 4, 4SO R GRS 4 225000
7 S nolol

Zz P 5 x Binding Buffer pH = 7.4 (50 mmol/L o | nalol

Tris-HCI, 750 mmol/L
12. 5 mmol/L. MgCl, and 12.5 mmol/L. CaCl, pH =
7.4) 0 2 pH AHI i, 255 G2l 5 x Binding
Buffer pH =7. 4 e/ B 5 £ )5, pH (E LT Jo 2 1L,
R A 22 0P 5 S A 20 2 mL IR R P
IR 400 pl
2.5 FiEmEES

TERAER L ZAT T, SEg e 1 id F A #E AR A
FRIYEPENE AN [F] v B2 R i AU LR 2548 2 014
IR 2 rf, 0 G 2% 1 R B9 RRS O, 4521
W7 FR o 8 RCAR-SEAR A R P Y RRS 5 32 Fifi ik
FERSE AR 3G i, H ) — ok B2 R s AR S-
Prol (%] RRS I 2 fciik , HFf R 5 i 5 H B bR X

NaCl, 50 mmol/L KCI, ¢
3 125000

75000

250001

—25000
0

PT7 S BCOA T AGIA ] v 2 A ) e i Ji 1) G
Stk

Fig.7 RRS spectra of the assay aptamer for detecting
different targets of different concentrations
75 , 125

c(aptamer) =5 nmol/L; c¢(target) =25 , , 175

225 nmol/L; pH=7.4
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I BERE N 25 BB SEBRAT: it R R 2508 R b A A ) B VA 4 , I ICAANS HR A RAG , e LA A7)
JEXF RN TE T o PRt , FEPR B A IO T T 20 A% 3 FCAAR A #EAR S-Prol HA RAF I 451% , HRESE
i S-Prol 5 R-Prol {14407
2.6 SR
2.6.1 TG ZRIEL ot
SR B A 1 S 5 5 1 B N SRR Al B AT AT o ARSI DASEPR 2 i B BRI 2R IR AR A 5

PRt , oA ROy K on B 4 B 10 mg, FREE 50 v 25 i B i, 19 B S B 78.5 mg g fr o HR
314 mg2h K- WHEE Ok, WA T 2 mL /K ,6000 r/min B0 2 min J5HCETEWR, W B S VMRS .S58

Finar 3 0y, By OS5 &2 (100 nmol/L 2 mL)  INFRIIA—HE . 455340 b 3R s, B iy 5 2 F T
FEGL R S-Prol, [G] iy R LATH AT 45 B AMF EE 2396 25 1 Fh i R-Prol A& i, Z5 2R INZE 2 o, 25
FE b S-Prol AN A 99. 2% ~103. 2% FHXIHRAEM 25 RSD < 5% , Ui B J5 1k HERf AT 5E

K2 BBREZFRARSWER(n=7)
Table 2 Analysis of propranolol hydrochloride tablets

Sample Found Added Measured Calculated
o o _,. Recovery/%  RSD/% o
number  ¢(S-Prol)/(nmol-L~") ¢(S-Prol)/(nmol-L~") ¢(S-Prol)/(nmol-L"") c¢(R-Prol)/(nmol-L.™")
No. 1 44.8 12.5 57.7 £1.500 103.2 2.6 44.8
No.2 43.9 25.0 68.7 £1.168 99.2 1.7 43.9
No.3 44.4 37.5 82.6 £2.313 101.9 2.8 44.4

2.6.2  JRAEHAERIR S 250K 25 ) R S 56

Ry 5 UEAS S 55 B 14 7 9 %08 SEEBRASE il D P T A T o DA (et o A A ) B R VR Dy S PR L 28
1000 r/min Z5.0> 15 min DLEFRFREAED , B RE 1000 4% )5, -1 F ks alfiose . 7EZ i, %
SEIRFER AT BEAFAE RO IEAE Y AN B FAEPL TR . P fHE F(Na® ,K*  NH, , Cu®* ,Mg** ,Ca’",
Zn’* \Mn* Fe’ A" ) B7E 500 5L bR ETE 5% Z N, KN E A . 4 LB B (NO;y L CL
SO; ™ ,CO3 ™ ) ¥7E 800 5L b, IR HE 5% Z N, XHIGE BeAT R0 o % WA N IEAZ R BB B T
(FEIZTWE , RN, B-PORING , WT S VE K , DL- 28 % , DL-AH 2R , RN =R, JRIR , IR, NI & ) 1
FE 500 15 A b AR HE IR 25 7E 5% 2Z P, %5 D 2 A 5

PRFE B IAR IS SE B0 25 5 an 25 3 s , A A9 77 ik AR & 1 S-Prol, 25 18 1) PRI HH () HL A7
Yyl an B R LA R B AR B B A H WL AR R A AR T i BRI 2 SRS e AR )N, PR A
th S-Prol [A]§t% 97% ~100. 5% , #HXAniENR 25 RSD <5% .,

®3 REHH S-Prol ZyH Y EIY LS (n =7)

Table 3 Recovery test of S-Prol in urine samples(n =7)

Sample Found Added Measured
o o . Recovery/ % RSD/ %
number ¢(S-Prol)/(nmol-L.™")  ¢(S-Prol)/(nmol-L."")  ¢(S-Prol)/(nmol-L"~")
No. 1 ND 25 24.7 £0.568 98.8 2.3
No.2 ND 50 48.5+1.018 97.0 2.1
No. 3 ND 75 75.4 £2.036 100.5 2.7
+ >\
3 %5

ASE S GO-SELEX FEARTA e 1 —Floxh S-Prol HAT B o 24 F1 1 32k £ 1 1 BC A, 1) ik T
AT (RRS) Sk nf o F 4k 25 938 2598 K AT FE 3B 24 S-Prol Al R-Prol [R] i H BEAE S Iz A< 2
o EECA TR R 22 5 S-Prol e AR L — PR 45, e RRS 98 8 B S-Prol & K 1y 48 Jon i 389 55, 111
R-Prol U A5 38 BRI, RRS 56 B30T 5 204k, H bl nl % H M e R R 2647 TR IR B 7E—E 1Y
WL RN RRS 5825 S-Prol BYMRIE S IE LY, B T i a7 1 MR B A B AG I S-Prol 5 19 5 U5
U5 TR T HSAR 21 R-Prol {85 i 2k Al RGN 52 Pk i FR R 2538 7K R PN TR EE A R, 32 A
PO R AAE AR . S T AN TR 2518 2338 R (9 [ I 7 o
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Chiral Analysis of Propranolol and Its Aptamer System by
Resonance Rayleigh Scattering Spectral Method

ZHANG Yuhui*, XING Ligang”, CHENG Jiawei*, YANG Jidong"*
(“School of Environmental and Chemical Engineering ,Chongqing
Three Gorges University , Wanzhou , Chongqing 404000, China ;
"School of Life Science and Technology , Yangtze Normal University ; Fuling , Chongqing 408000, China )

Abstract This paper presents a new method for chiral identification and analysis of propranolol. The method
quoted the systematic evolution of ligands by exponential enrichment technique based on graphene oxide
(GO-SELEX). The specific aptamer with high affinity to the cardiovascular drug propranolol was selected after
ten rounds of optimization and screening. Then resonance Rayleigh scattering spectroscopy ( RRS) was used to
detect the specificity of the reaction system. The experiment results showed that S-propranolol and
R-propranolol had utterly spectral differences. The RRS spectrum of S-propranolol combined with the specific
aptamer was significantly enhanced, while the RRS spectrum of R-propranolol’s was almost unchanged.
Therefore, the chiral propranolol could be effectively recognized. Based on the investigation of the reaction
system and experimental conditions, S-propranolol could be tested experimentally and R-propranolol in the
racemate can be calculated. The linear range of S-propranolol was 5 ~275 nmol/L and the detection limit was
0.5 nmol/L. The method was applied to the determination of racemic tablets with satisfactory results. The
RRS spectra of chiral targets system binded with specific aptamer could reveal chirality differences and the
chiral recognition of chiral enantiomers can be carried out.
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