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RUE LT BAEFS 40T, 454 NS 11, 8. 94y, TRfEliE/NT 5 AT as &0 55090 20, 12,
154y, BARMSERSEZMESEARET . DU 7B RS R AT A S FA E 455 o0 L14rm,. P3rm,
L7rm B FEFIA R, 78 L IERE_ A EE H PSR RE AR IR AN . AT XZA e, SETF 256 G E M. S a s, Xt
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KW ERMRER, EEE, T, SIS, KR AR, i
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BHER, TEMEHWEY—BERNF+ (B
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RCA60 H M AR A5 52 S, Bz 8
R AL MR AR faE . —HU
K, KB RBPGSER PRI TR
il 77 S5 RCA60 BTG5 1 BB N 45

ARSI SRR AR ——FR B SR B RSk
ft (systematic evolution of ligands by exponential
enrichment, SELEX) i ¥& 2| i) #% B2 i& Bic 14
(aptamer), HA @HEMT . @SFEFE. ilDigEfk
BASRS, H5 Te e RN i PRl &
% T A e o 71 N e = N I
MG X RCA60, HIC £kl T JLFH RNA
ol i DNA (ssDNA) & fictAk, 540 Fan % = i
TEH R SRS S RCAGO A % (1) RNA 1 it A RASO,
Lamont 55 "' i ¥& H 1947 52 45 6 B 551 DNA IE Bt
A SSRAT, AIRRILH £ X RCA60 4= 55 14 171 &
JIT 3K 4% (1) ssDNA id Bt /& A3, C1. C57' . L7,
L14, P38 4§,

— I T, i SELEX AR I 3K 45 4 38 A i
FH 4 i T 5 | A (e i — B AR S | 9k, Bt
B4 KN 70~130 nt, (B4 RZHEN T, AR
ERIFHNES ST RA], BB X K
FE 20~50 nt NG5, HAW I Ay A B sS4 A5 R i e
FEa o, R, A2 H s AL BRI Y rh i
B KA AR T RS RAR BT

H 1990 4 SELEX th L =4, EWNIME &)
T ZENE RO Y ik, R ZHCh A TR
BT o B AR ) S RKAE FCAR R — a5, A
JF e R R R A GBI BEESE) J5, PR
FHEBRARBOT 254 . LBREAARZE | 45/ NRAE T
RAFE I Z50 Y, 8 TR U S5 R P UG A TR
PLERHT ™ s Y, B s A S
/N G AR S PR AR AR U AR S5 4 1 . [ A AR PR
A E A R, W AR
ARE . PRI . P AR AN R IR, LG R
“GYR IEFLARIT A T SRR AR E R R
BOTRESS A, A EARLI A AE R o, BUNEL
BIAR H— 4% 27 nt 1Y ssDNA &G B A, X T RCA60
A RGE AR, FIHCR FH e85 F R e &7 5
JRI TR E A U, 40 SSRAT S2KF 60 nt 4K Ay i
BCAARLR BA FEMLIX 2549, 2R S e e B R 1R L
RCAG60 7E A [m] 7 W v 1Y i 25 % 21 (dissociation
constant, K,) {H & 5~22 nmol/L,

2203 FCAA A0 2548 B 7 VA AR M T 2295 Fn
Hie, BABERETAERUSATEE. A TIEL

O FRHERAUN e 3 . RG] AL P 53R
[ ) I ST S UL 0| = B iy N S
W 07 16 Y 3 45 4 K ssDNA 3 Bt /& L14. P3,
L7, TERH51 P XAk 58 FLREAL X A 1 R 7 51 11 2k
fili b, dE =4k (3D) 43F X T AL X 1%
K& L7r, P3r. Ll4r 5 RCA60 RI4E& 1M, I8
ik PO TN ) B R G P A RS B, 4ol
WiE T 3 b IR i 25 A Hot . dhimpg T
I JE A A BT W A KA R P S, il FH AR A
BT R 3 PR B R (surface plasmon resonance,
SPR) il 5 i ¥ 51 B 5 RCA60 14 56 A1 J1 Fl 8l g2
SH, I PGETEAS R R R A A R
5 ) RN

1 HESF®

1.1 #FR5iKFH

7 RCA60, EEJRREESE % (ricin agglutinin,
RCA120) . tHEF#ZE (abrin) ¥JH ALK = i
A, UK Al R T 95%. L14 (CAGCT-
CAGAAGCTTGATCCTGTGACAGCAGGGGGAGT
GTGCGTAATAAGCGAGGAGATGACTCGAAGT-
CGTGCATAATCA) . P3 (CAGCTCAGAAGCTTG-
ATCCTGTGAGTCGACCTGAGCCCGAGCAGGT-
TCCGAATCCGTGGACTCGAAGTCGTGCATCTG-
CA). L7 (CAGCTCAGAAGCTTGATCCTGTGG-
ACAGGAGCTGGTTAAATAGGCAGCACCGAGCA
GACTCGAAGTCGTGCATCTGCA) . Ll4rm (CG-
TAATAAGCG) . P3r (GAGTCGACCTGAGCCCG-
AGCAGGTTCCGAATC) . L7rm-2 (TGGACAGG-
AGCTGGTTAA) % ssDNA A% R 51 i A4 T4
Y TR FA R (HPLC 4lifk) . N-J2 L3S 31 BE .
iz (N-hydroxysuccinimide, NHS) . 1- Z & -3-
(G- W s RN L) Bk BE W e ER R R
(1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
hydrochloride, EDC). ZPERE . @A fLEN. 4R
- FRZE bl (pH 4.0) 40l F Cytiva A/ (3
), HPEDC, NHS. ZEHRIE T2 I HEHL
Fl £ (Cytiva, BR100050); 4- (-3 %) WRIR-
1-Z fifi 72 (4- (2-hydroxyethyl)
cthanesulfonic acid, HEPES) . Tween 20 Il [ T
Sigma 2y 7] (Missouri, [ ). Zeba Spin fiii £ 4
(FUE7rF it 7 ku) W H T Thermo (EH). #
4afi 7K A7 18.2 MQecm, H Milli-Q A10 /K 5k & 4
(Millipore, MA, EHE) il P HAGGRE A

piperazine-1-
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SRl B DL A, e A T E 2 s A BRA F
(dbmt, HE).

RCA60 JEm A TE R, A MO
N AR A G R EFR R EA T o T SE SRR X
R 47 XU P AT, OB i R H B
TEZE R JE A 7K 78 35 30 min 5 R R KR
(121°C, 0.2 MPa) 20 min, *f & A XFEZEMEE
an HEAT S8 VRN, AR5 B (0.1 mol/L NaOH,
pH>10) &1 h L 5
1.2 SPR

A 2% 71 B 8h ) 2 2 800 a2 ¥4 7 Biacore
T200 73§ HAEX Ei#4T (Cytiva, EH), ZZH
S5 HBS-T (10 mmol/L HEPES, 140 mmol/L NaCl,
0.5% Tween 20, JH NaOH## pH N 7.4), {52
WL K S REET T . AR T TR FH K A2
A A K B4 280 K B AL BRI 0.22 pm A (7
W, hE) SuEEHA,

BT E A B AT 2 M £R b B,
Nanodrop {1 (Eppendorf, & [& ) & H 260 nm .
280 nm 2k 1Y S AR, Il Lowry-Kalcker £855
AR CEATME (g/L) =1.454,,-0.744,," 5
AATE T 1, 4RI A 10 mmol/L 2 FR 4 -
LR (pH 4.0) FiBEZ 50 mg/L.,

1.2.1 AR S RS

{5 Ff] Series S Sensor Chip CM5 (Cytiva, Z5[H)
K7 fdi ] 100 mmol/L EDC. 391.2 mmol/L
NHS R AW 2 CMS it i HP 1) Fe 2 38 18 % 1
LN 10 pl/min, FFZEEFE]ZH 900 s, LLIE L CMS
A AR R EE . ] Fe 238 A A 50 mg/L 1)
RCA60 (pH 4.0) %k, Ui A 10 pl/min, RFLLET
[ 120 s, fifiFHLAIRCA60 (S5 k7.0 ) 5@
1L L IR S | B A £ R R R R T, LA
L RNE DAL RSB G, AR A
JAR B 7K SF- X 18 %2 b5 000 M i B3 (response
unit, RU), #%/J5 1 HBS-T 2% Wi ik 2 min % 5
RFFa . Fe 1 7S HiEiA .

1.2.2 FESL AL I K

FT 55 A% AT BR Y 8 3% DL 4l oK BE 6 A
100 pmol/L At #5W , F4 ffi 1] 1 432 I & T -20°C
Ui, B E R (AR, BTE ST
1% 17 51 341 L) HBS-T 2% il i B %2 2 pmol/L,  95°C,
5 min B I EIEWE BEWR, REMBENAE
(Ve BERREE , 232 % SPRUEATINGE , W2 MR h
25°C, #¥ Biacore T200 H*, 24 A BB L& H &

) CMS B A, ZEnhifi ok HBS-T, ¥ii%H 30 pl/min,
L5 4 EIE 120 s, ff BSHSR] 180 s, FEA SN
0.1 mmol/L NaOH, 30 pl/min, 30s, FfA:)5 34k
AL AERFTEES RUTE A .

XF T A R B 3R 45 RS e AR, H S TE
1 pmol/L FHE BE T AT FRIR S G 528, kP 3 A%
XA G AT EAE IR SENR 5 PR H 0BS5S AR
i FE AT 2 6 25 8 J1 2% (multiple cycle kinetics,
MCK) W&, #ATRM I M) 1 S 800 .
A #24F i Biacore T200 Control Software (2.0.0) %k
PR
1.2.3  Ediorbr

{ifi Ffl Biacore T200 Evaluation Software (2.0.0)
BAF, KM Kinetics, 1 : 1455 HHTHE, I
152569 R 5L (association velocity constant, £,) .
i 125 R W L (dissociation velocity constant, &) .
K558 . A U<1S, 450 1 it th & B 35
4k
1.3 &HFxdE

I BN R4 Mfold  (http://www.mfold.
org/mfold/applications/dna-folding-form.php) kB H:
THEQD)EER, £ 5 mmol/L Mg®, 140 mmol/L
Na', MHEH Gibbs HHEE (AG) RIS
¥y, BT LR 2D 454, i#id RNAcomposer (https:
//rnacomposer.cs.put.poznan.pl/) SZEE 3D 4544 Fi
It % F OpenBabel 2.4.1 X 14 # B pH 7.4 T 1Y
RCA60 (PDB ID: 3RTJ) FIZ &AL T RIT
HIHY 3D 254y, Ffdi i SYBYL-X2.0 %&F Tripos /1
Wit T RE e/ IME LA DR AL 22 4 A LR
R FIXTRCA60, BLEH AFER) rRNA N-WE i
WPE A 14 LAk B (R48, D75, N78,
Y80, V81, D96, DI00., G121, Y123, R134,
E177. R180, E208. W211) Ay if FeMAxf #2007 45,
1 RCA60 5 £ 7% )7 %13 i H-DOCK  (http://hdock.
phys.hust.edu.cn/) #EA7 53 X4z . THEHT 100
AN DS (E B RMSD ., iF—2 4% 107
BAK DS 28,

2 #RE5iFiR

BEXS 22 SELEX i b AR AL IR IE FE IR, — i
Pl B, SRIEER IS RS, BEAR
BT AL T TE, A T AR,
XL R T3 E A T A A R RIVIRFZ T
DNAGPREOA | 25l ik Z AT s A2 IR
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TN, TR AIE BRI, ST & BC iR
SR 1 [A) 25 5 A T B 35000 B P O % 2 A Y o
T 732 J7 T, I O P e R ROR |
FASTAptamer, APtaCluster 55 T HXJ 5L 56 7= 4= 1 K
BIFSIEATINT . RIS BRI R DL K 4R T
gy, ZJERIRE A A R T A MO i — 2B A
F R mE , HiviE i Mfold, Ufold, RNAcomposer
ARES %5 )y 3647 2D 3D Z5# FUi , I ] H-
DOCK. GRAMM, Z-DOCK %5} i Bt f& Fl# 43
PEAT I XHETN ,  TXRh SRS Fe i SR B A
BCiA-$E > T2 G WRIE G RE ST, Al dE—L
SN E B R A M E R R >, E R
DT 031 R e A O AR 45 1 BT R Y R GG
SCHG TR DT, K SR VT AR R A B 4y
B 20 SPR P AR IEOR B AR E
PO P B Bk Bl ik L o R RO 4
AR MRS SR AT S BRI (A2 14 E R A
T3 B A3 B HABAOCHRHE BN S 25 #1592
Hesg 27 HoH SPROE— RS JCARIC ORI A
T3 FAHEAE VAN T T S HTEE) ™, ) LA i 4

@® ®) \
E \
o bR
£ A )
) 4
P S

AG=-4.1 kcal/mol
© K,=(255+50) nmol/L

AG=-17.3 kcal/mol
® K =(900+80) nmol/L

35%.=2.80x10* L'mol™-s™* 351k =1.06x10* L-mol™"s™
_ 30 kT17x107 s 1000 nmol/L. 30 =9.28x107 s ; (%)0 nm;and
2 K =2.54x107 mol-L!| 500 VL 2 K =8.97x107 mol-L"! nmo.
& 25 230 Tmel L o elE, & 25[ T 550 nmolL
g 20+ 125 nmol/L ‘é 20+ 125 nmol/L
3 15h [ 62.5 nmol/L 3 50 62.5 nmol/L
2 31.25 nmol/L g 31.25 nmol/L
§ 10p g 10}
o Q
% 5k '///1’1\ % 5k
2 ol — & ol

_5 1 1 1 _5 1 1 1 1

-100 0 100 200 300 -100 0 100 200 300

t/s t/s
SSRA1 L14

USRS K sl SRS 5 AR TAERI LA 237X
FEAISPR WAZ AR, PARCAGO MR,
T IR LA 3D 43 F X HE AR UL K P i P 5 B il
BCREAL R AN, ATHEse /751 28 SPR #F 1745
B
21 EBREESKSHILF IS F3tESSPR
lE

A A1 BN 38 1 B A0 UK -SELEX HE AR, R
AR Z MBS TR ETAME, 7T 4%
W, AMITEER T L14, P3. L7&3 %0 5
RCA60 255 Mid Bl iR )7 91, 4K 80 nt, ¥WFFEZ
NZEIRGER, HABARMN AG F K, f . 2 SPRI
E, SERIE R ssDNA TE /4 SSRAT M EL, P3 W%
. F SSRAI Y Kpfl, {HL7. L1418 K, {52 i 2~4
fi5 (B 1) o % SPRFAN Iy i FIr 15 (1) 245 51 5 i o 2
Lamont 5§ ' SRELW K (HA 225, Wizt Tl
FWPEN ARSI . AR TAERA PN 5050
HRFET SPRIFAT, BHLORAF T HAFHITE i — i
AEEE

O 17 CHN- W
Y O B S W
N, v
‘(7\?}\/’4 \\\ ‘\ThT 2620\ 3 é;r# ’
NG '\{}T{A” N g R((;qc""!b—c_&h‘&y
Sk T o ! s
Ry Ao Y
S \\"’c R o-n-c-o-k ,’I bc M
= LA /&.‘G\T,e
ni‘éb /é'é\rb Tt A A
\k 5 KT~T—,-«'Q
i o
a - &
0—A-1
s yay
<m‘\c '\G—A’C
AG=-17.5 kcal/mol AG=-12.4 kcal/mol
© K,~(151226) nmol/L. ¢, K,=(526+40) nmol/L
35%.=3.62x10* L'mol 5! 350§ =1.62x10° L-mol -5
gsosr” gt o Y
& 25K,=1.51107 mol L7 550 (o i &2 251K,=5.25%107 mol'L| 250 nmol/L
E 20+ 125 nmol/L E 20+ 125 nmol/L
5 62.5 nmol/L § 62.5 nmol/L
g 15r 7S e o151 31.25 nmol/L
é 10f §10 F
I = N
20l & oo}
_5 ¢ 1 1 1 _5 1 1 1 1
-100 0 100 200 300 =100 0 100 200 300
t/s t/s
P3 L7

Fig.1 The 2D structures, Gibbs’ energy, and the SPR evaluation results of four aptamers, SSRA1, L14, P3 and L7
The Mfold results of SSRAI (a), L14 (b), P3 (c) and L7 (d); and the multiple cycle kinetics results of SSRA1 (e), L14 (f), P3 (g) and L7 (h).

2.2 MHXEGRESHFE
Goto &5 2/ 45 RCA60 A 9 51
X SR S IRAT B 45 SRR, RCA60 9 3% P4 11 48

o, G121, Y123, R134. E177. RI180. E208.
W211 A T #) 9% 1148, R48, D75, N78, V81,
D96. D100 4L % 7 k& 148, W5 # 4 Y80 %% It ki
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[E8rNE 2T 4 2247

g5, YSOZEMLT “I)” gk, Hizzhnl S3dmil
AT DA R 1048, BAEMEAER, XdnT
fig 2 10 ] 5 1’5%%%%*&2&)7% BRI G F U | EE!
H-DOCK, 7EpH 7.4 8%, %X RCA60 1 i
P F4% 144 2 BE R AR B AT 0 1 04, IS4l
TR Y 138 PR 5 & BT TS M DA R AR RS,
A, JFdH DS (A5 b B 4% 38 A (R 45 5 1 R
AN, HEHCE IE A AR Y AT N — 2 S
BHE

JeXt A RAE AT HAERDT, ORI BENLIX
W& RE (LRSS I E an & 1Y 2D 2544 &
PIBEAEITR), A FHEEE R YR, Ll4r (34nt,
DS -262.8, RMSD92.5A). P3r (32nt, DS -250.1,
RMSD 82.0 A) . L7r (32 nt, DS -292.4, RMSD
99.4 A) 1 DSAHE L TBIF 5140 T (40 nt,

@

(® : J | “;{—2}

A
Ll4r
K,=(109:20) nmol/L

Tras (\(JL
% ARG-160 ﬁ
| ) TRP21L , 2

K,=(16719) nmol/L

DS -239.3, RMSD 915 A ). H ¥ Li4r it 5
RCA60 1Y 11 PG A R TR AL 455 (R48, D75,
N78. Y80, D96. D100. GI21. RI134. RI80.
E208. W211), BEE/NF S5 ARHNES & 0054 20
A, P3r 4 AT R S5 RCAGO 6 P 145 7 8 4
5k J: (R48. N78. Y80. D96, D100, RI134,
RI80, W211) E###:, W4 MR 485k 5
53 O4eskE, A 120 R/ TS AR
LS G5, L7r i) 2D S50 i it 1 MZ R AR
éé’az/\I%ﬁ/it, Loy XT I () 25 A S 0]
FEAETE2 ARy, 5O LIRS (R4S,
N78. Y80. D96. DI100. Y123. R134., E208.
W211), FEE1SANEEES/INT 5 A By TR 25 A 07 15
HEAR

(F2). WHESTFRHES RN, #Em =
1119 5 RCA6G0 454 fE 7 .

n!

I “Tas W §
o, 2, 3,
Asno '.

‘ 3 9 36 y
z«srm Asun TRP21L
TYR12 Gwzoe

L7r
K =(227£68) nmol/L

Fig. 2 The H-DOCK docking results of L14r, P3r and L7r
(a—c) The partial diagrams of RCA60 and L14r, P3r and L7r; (d-f) the binding of L14r, P3r and L7r to the primary and secondary active pockets of

RCAG60; (g-1) the docking bag details. Color annotation, yellow: RTA; green: aptamer; orange: primary pocket of RCA60; purple: secondary pocket

of RCA60.
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X} 3 % Bt AL XA C AR 24T SPR VM Y 25 2R 3%
B, Lld4r. P3r, L7r 5 RCA60 i K, {E 43 5 K
(109+20) . (167+19), (228+68) nmol/L, HL14,
P3. L7i& MR M Ky fH ( (900+£80) . (151426) .
(526+40) nmol/L) #tt, Lldr, L7r i K, {H TR
BAKERARR 1/9 71172, /R IX M 54K IE Fl ik
R 1 A S A A S R AR AR s R R R
T84, X Lldr, 0] LLNAF X245 1
WM R, ST D48 BB A A I — Bt
Mz, $&nnlaein A it —uibasml, P32 KIP s
S 8 K [EEEA—3, P KA s ) 25 1)
SER XA A MR AN B i, U R R 8 R TR AR
J¥ 51
23 HERBEEETRMELHEKFTIE

¥ L14r. P3r. L7ridBArorFX04#0m, nliRIER

= e (T\. {T\
¥ o " ¥

t-teoco-aeTET- :
Lidr L14rm
L14rm-1
C/C‘C\} £ ‘C»}
g g.#
2 2
& &1
b3
P3rm P3rm-1
/.\R /.\X
J i
4o e
9
T
L7rm L7rm-1

&
ﬁﬁ;

B3 £50E B R 5 RCAG0 1 M T AR 25 A s . &1
X 3R 3 SR BEMLIX IE B A, (AR 5 RCA60 I
PEFASFTES A PSS, 2SN R Z iR 4
it AP S —E R 3D LM, B R FIE
G AR ZE A 0 (minimum aptamer binding motif,
MABM) . ¥ L14r, P3r, L7r ) MABM % %l i 44
JL14rm, P3rm Al L7rm, 4351 b R Bf AL X 3 fic 4
BT 23, 14, 22nt, #F—2F, X FiRAMABM
PR PR, DURER A7 2 A% T IR B
filam e SR A A B 22 AR AR LA A A A 51—
SERREBIES ARCR, B TAH R TR T RSEM
Ty, IR AT IR MABM 5 RCA60 4545 i HARAE
FHRLEE . FPAIBEL RN 3 i, 17 & 0751

2 OB 8
i
S+ §+
. 2 i

RS
nod

Fig.3 The Mfold results of elongated sequences of L.14r, P3r, and L7r
The dashed box represents the MABM. Color annotation, orange: G; yellow: C; blue: A, light bule: T.

K425 T 3 5 MABM KHFE K PR8I RER) 70
XHESCR, BAA T AR R T IR S

RCAGO T P 1142 Hh 14 4 SC B 2 S 198 1) fc St B
AMCAHEIRT I 4 45 6 1 B ARRE . Llrm (UIREE T
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Ll4r 0 3" (19 25 &%, 40 F XF # 50 L14rm
(DS -232.1, RMSD 94.5 A) 5 10/ & LB M
# (R48. N78. Y80. D96. D100. Y123, E177.
R180. E208. W211), fE{E 18 HEE/NT 5 AR
EE G075 . I n=2 P A K P8 i, 3
TSR PImIE A S AT ST & R A
¥, DSH ~-235.0, RMSD{HE #1099 A, 5104
KH LR A% (R48, D75, N78. Y80, D100,
Y123, R134. E177. R180. E208). HZEK JF¥31
FEMIFSEE T 6 25751 .

L7r ¥ &5 & 07 A5 67 F 2 4> 25 K b Z (7]
(GGAGCT), # M aE & 3L, TR T &4 2
ANTEIEXS 1 & R4, BIDE HAE N L7r i MABM
(L7rm), L7rm (DS -272.5, RMSD91.1 A) /31

DS

=170

-180

-190

-200

-210

-220

=230

=240

=250

=260

=270

=280

=290

N 2l 2
& <Y W ¢

X4 T 5 13 A G LR A % (R48, D75,
N78. Y80, D96, D100, Gl21. Y123, RI134,
E177. R180. E208. W211), fE7E20NFEE/NT
5 AT S A0 . HAE RPN T 3 %
JP3,

2 SPRIE , Ll4rm, L7rm [ K fH N (64
30). 174 nmol/L, UEHAM# 5 RCA60 HA REF1)
ShAr . YRR T 43T B ) 45 A A A 1IE B
PE, AP3m &5 F M, RINASA M K,
B, BCEPRE AT K 75 i E TR 3 R P3P A,
WA TIE WSS . WL, 76E
MABM fEH% A #F A RCA60 TG E AT T, 14
PR I A S A ) SRS R B AR, TTEERY

RMSD

ST S A

S o
) S ¢ O N OON
SRR S SRR RS

Fig. 4 The H-DOCK results of elongated sequences of L.14rm, P3rm and L7rm
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distances of different aptamer from 14 key amino acid residues in the primary and secondary pockets of RCA60 is from light green to dark brown,

where white represents no interaction.
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Table 1 The affinity and docking results of all truncated aptamers with RCA 60
k/(L-mol™"+s™) k(s K, /(nmol-L™") DS RMSD/A AG/(J-mol™)
L4 (1.120.4)x10* (9.3£2.8)x107 90080 - - -1.3
L14r (4.6x1.8)x10* (5.1£2.9)x107* 10920 -262.8 92.5 -2.5
L14rm (2.7+1.2)x10* (1.6£0.5)x107° 64+30 -232.1 94.5 0.3
L14rm-5 (2.4£0.3)x10* (3.8+1.4)x107° 158+46 -281.4 133.8 -1.3
P3 (3.6x1.0)x10* (5.5£1.9)x107° 151426 - - -7.5
P3r (6.3£1.4)x10* (1.0£0.0)x107 167£19 -250.1 82.0 -1.5
P3rm-2 (1.5£0.6)x10* (5.4£0.9)x107° 375+175 -279.1 98.8 -2.8
P3rm-6 (1.240.1)x10* (7.6x1.1)x1073 630+126 -285.8 95.2 -2.3
L7 (1.6+0.2)x10* (8.5+1.2)x107* 526+40 - - -12.4
L7r (3.2£1.7)x10* (6.7£1.7)x107 227468 -292.4 99.4 -53
L7rm 1.1x10* 1.9x107 174 -272.5 91.1 0.6
L7rm-2 (2.8£0.1)x10* (3.4%0.1)x107 120+1 -283.8 95.2 -0.32
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Abstract Objective To obtain the finest aptamers with stronger affinity and shortest sequences from the
combination of molecular docking simulation and surface plasmon resonance (SPR) evaluation experimentation.
Methods Towards three previously screened single-stranded DNA aptamers against ricin with 80 nt, L14, P3,
L7, on the confirmation basis of binding ability between their 2D stem-loop sequences of random region with
target proteins, the H-DOCK molecular docking was performed to guide the determination of their minimum
aptamer binding motifs (MABM), and an elongated stepping sequence cluster was sequentially constructed. The

affinity and kinetic parameters of the designed clusters were measured by SPR, in which the binding key
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structures of the selected aptamers were depicted, and finally the finest aptamers could be selected. Results  All
three random region aptamers, L14r, P3r and L7r, can form some certain hairpin structures, and the affinity of
L14r is increased by nine times than L14, L7r increased by 2 times, and P3r kept the same. The results of
molecular docking between the random region aptamers and ricin showed that, the docking scores of L14r, P3r
and L7r were all lower than negative sequence of 40T, the number of key binding amino acids were 11, 8 and 9,
and the predicted binding sites with distances less than 5 A were 20, 12 and 15, respectively, indicating good
binding ability with ricin. Further, the sequence composition of MABM, L14rm, P3rm and L7rm, were deduced
from the binding structures confined in the ricin active pockets, and the elongated stepping sequence cluster was
built. On the parameters including the number of key binding amino acids, binding sites, the docking scores, as
well as the results of SPR evaluation, the finest aptamers were evolved, in which the affinity of L14rm and
L7rm-2 continued to be increased by 1-2 times. Conclusion The random region aptamer can effectively bind
ricin with stronger affinity than the full-length aptamer. Molecular docking and stepping sequence clusters design
can aid the fast evolution of three finest aptamers from only 17 sequences as well as the investigation of binding
interaction. The K, values of the three finest aptamers against ricin, L14rm, P3r and L7rm-2, were (64+30), (167+
19) and (120+1) nmol/L, respectively, and the affinity was increased to 14, 1 and 4 times of the full-length

aptamers.

Key words ricin, aptamer, molecular docking, stepping sequence cluster, surface plasmon resonance, structural
optimization
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