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A feasibility study into ribonucleic acid aptamer being antibiotic
resistance gene
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Abstract: [Background] Resistance gene is critical to molecular biology research, however, containing
the massive size always restricts its usage like limiting the length of the target sequence inserted into the
vector. [Objective] Exploring resistance gene similar function of RNA aptamer simple molecules to
optimize capacity of the vector and enlarge the target gene expressing section. [Methods] The tRNA
scaffold recombinant RNA expressing strategy was used to enrich ribonucleic acid aptamer of antibiotic
in vivo. Screening and verifying resistance of the RNA aptamer of the aminoglycosides antibiotic
neomycin B. [Results] The tRNA scaffold recombinant RNA expressing vector was constructed and
successfully applied to select in vivo. The two RNA aptamers, A Site and Avirus, were proved that could
resist neomycin B with 19 pg/mL on LB plate and 30 pg/mL in liquid culture. [Conclusion] RNA
aptamer could bind with antibiotic, leading to being a new kind of resistance gene. This strategy is
expected to optimize the resistance gene, reduce plasmid vector capacity, which provides a new method
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WA, SN R R ECRE IR R A i
HoAR, 2Blh B EhkaEi Jack Szostak ##2% . %
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EasyTaq® DNA RA&THE, | BBRYE . DNA
Marker . KIAT# DHb5a JEZ 4100 . KA
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ZSFEAE W b U A BR A R B B R A R UK
1, AEEAS— R R A L
1.2 DNA 3|4IF %)

My 4l JFoki pET210 M2 % tRNA-RNA & it
IR LR 5 )75 3% 1.
1.3 EH R pET210 B iE

FI#ETE lac O W7 B 5 1 24k pET2107, lat
T7 J3 8 F(TTPY T7 &1 T(TTT) iR 5, TFik
Fik RNA, B RNA ERAR E R, BRIEHE
PR RORE . B5EH 21a-T7F 5 21a-T7R
2 514 PCR 4§71 21a-T7 DNA B¢, PCR [ )i
& % . 21a-T7F (100 pmol/L) 1 pL, 2la-T7R
(100 pmol/L) 1 pL, dNTPs (10 mmol/L) 1 pL,
10xEasyTaq Buffer 5 pL, EasyTaq DNA Polymerase

(5 U/uL) 1 pL, ddH,O #h7E% 50 pL. PCR J 4k
4. 95 °C 5 min; 95°C 30 s, 55°C 30s, 72 °C
30 s, 3£ 10 ME#H; 72 °C 5 min, PCR §"#7=
YIIMA F#)5-20 °C YLiErt %7 ; 21a-T7 DNA
Bealife =¥y pET21a JFUkL[ENFATA Bgl 11 #
Blp | BRI EIME, 37 °C i 3 h, $#& el
TR G U0 B B AR 7 B, # PCR ™ Il
WA A [ RNA FEE, A T4 DNA i#
FERR AT BT Wi A KB DH5a
JRAZ UM, AT LB 5 FRK 800 uL,
37 °C. 150 r/min #£K3E 3% 1 hy 5 FR 5 R
Lk 5000 r/min &5.0> 5 min 5, A 200 pL #5357
SEEBEAK, BT A 100 pg/mL AN HE RN
FEHEMTAR, 37 °CHEFRII R o PRI v % SR
JPUE, MEEHA pET210

*1 3195

Table 1 Primers sequence
GIL B4 Fr3] P19 B
Primers name Sequence (5'—3) Amplicon product
21a-T7F cgagatctcgatcccgcgaaattaatacgactcactataggtctagageccggataget 21a-T7
21a-T7R ctagctcagctggggatccccgetgctctaccgactgagctatccgggcete 21a-T7
Trna-F gctctagageccggatagctcagtcggtagagcagegg
Trna-R ctagctcagctggegeccgaacagggacttgaaccetggaccegegg
A Site-2F cggtagagcagcggggcgtcacaccttcgggtgaagtcgeeccecgegggtecaggg A Site
Avirus-2F ggtagagcagcgggagta gaaacaaggcttcggcectgcttttgctccgegggtecaggg Avirus
HH-2F cggtagagcagcgggtggtctgatgaggccggecgaaactcgtaagagtcaccaccecgegggteccaggg HH
Neo5-2F cggtagagcagcggcactgcagtccgaaa agggccagtgeccgegggtccaggg Neo5
Neo9-2F cggtagagcagcggtcgtgtgggcegeacagtttggegaccgegggtccaggg Neo9
Neol6-2F cggtagagcagcggcgtagcctgggcgagaagtttaggatgccgegggtccaggg Neol6
Neo61-2F cggtagagcagcgggtgtagggcgaaaagttttacatccgcgggtccaggg Neo61
N1-2F cggtagagcagcggggcatagcttgtcctttaatggtcctacgtcccgegggtccaggg N1
M1-2F cggtagagcagcgggcgaccaggcatagcttgtcctttaatggtcctatgtcaggaccgecgggtccaggg M1
M4-2F ggtagagcagcggcggcatagcttgtcctttaatggtcctatgtcgecgegggtecagg M4
M5-2F ggtagagcagcggctggcatagtgtcctttaatggtccctatgtcgecgegggtceagg M5
M13-2F ggtagagcagcggcggctaagcttgtcctttaatggtecttagtcgecgegggtecagy M13
J6s-2F gtagagcagcgggggacgaggtttagctacactcgtcccccgegggtecag J6s
Tk81t-2F gtagagcagcgggggagctcggtaccgaattctcccgegggtecag Tk81t
Neoeco-2F cggtagagcagcggggcgtcacaccttcgggtgaagtcgeccegegggtccaggg Neoeco
kA1t6-2F gtagagcagcggaggtagtgggcaaagaaccatcttgccgegggtcecag kA1t6
Thox-2F cggtagagcagcgggagggtggaaccgcegcttcggegtecctecccgegggtecaggg Thox
NeolA-2F cggtagagcagcggggactgggcgagaagtttagtccccgegggtecaggg NeolA
Neo4A-2F cggtagagcagcggctttgcgatgtcctttaatggtccgcgaggecgegggtecaggg NeodA
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10 S e M P 8 [ 7/ Tl mis o <17 NI i 7 9
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£ B, R HEBRE 5 mL R H, 37 °C.
150 r/min $55%, % 1 h KR Y ODeoo, LRI
WA Lot oy B S 3k, A E 31
TN HE

2 #R50%
2.1 {KRLIESREGAYEE ST
T el Bk A AT AR R B Y RNA B {A

(F IAVTE KRB FF R £k, T AR 2 A
Y1, RNA BYFEERIREMR LT, 280 RNA [12F
AN, AR EEARAL, R0 i i v LA
KIGFF AR O ES Ak . Ponchon Z54RiE T
¥ RNA JPFIHH A tRNA 42 nTffi k% RNase 1)
R, DA RNA AR P ee PR e g5
BEEP 205k CR A TR RNA 42T
PR R, B, BRI (RNA 224840
HRiE RNA SRR SRS, BERERBHER
B 1Y RNA EACARR RIAT R A AR R R B
(T SZRE 1. R EE A S RNA 3 F A 21 ok
RIGFFRETER R B 55310 b A K45 50 0
RNA @RS S B ADUHEE A ThRE(E 1B), BIR
AT RAE SR8 R B 1Pl A K, KB RNA IE
BABE SR B 4G~ Ebitkmim Zhit £,
RNA ERLAEBUHIRE IR ~2Z, AR
BLIER A K, 20 RNA &R S PR
I LIRE
2.2 RNAEECARZEHMHEAE A B3I TRk
FETABFRES Y RNA & LA A 360 5iE 5
W, KN TR RNA TE e 4 81 B 450K (14 K AT
WIRARE IR, E 2A TR, SRR ER, A
[ KIAFF R RETEAN BB 3R B IR FR3L
IEEAK, mHREESGEET; WK 2B Fin,
FprdE 2= B W KE] 12 ug/mL J5, BAPEXTHRZ
(NCYARFFAER, MiSA RNA & B 4 ok 52
AN KT (L7/18)REIEH A K, RIS RNA
TR KA R ZHTIN 2Z2>12 pg/ml (3%
X B, MEEHER B IREAHE A (10-20 pg/mL),
K115 5] RNA ERCIKRT Z W, i 2B fir
~, Thox?%1, NeolAP®®! Neo9. Neo61[?%!
Tkt Bt 32 12 pg/mL MHTEZ B; M4l
KALt6M g Ei it 57 13 pg/mL #iE % B; 1652
Neoeco® | HHME =52 14 pg/mL HIHE X
B; N1 Neo5™! NeodAPlgeiitsz 15 pg/mL
T ZE B; M5PY | Neol6PR giiiitsZ 18 pg/mL
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Figure 1 Strategy of opening selection of RNA aptamer in vivo

T A CHGEROHIEF B RNAERLK 450 B: tRNA 342414 RNAERIR Ry ik sems. ASite™, Avirust™, HHE?,
Neo5, Neo9. Neol6, Neo61?”?, N1, M1, M4, M52, J6s?d, Tke1t™!, Neoeco?!!, kA1t6™®, Thox®!, NeolA, NeodAPlyit
AT % RNA I FL AR B 0 T4 Bk

Note: A: The reported aptamers of neomycin B; B: The schematic of tRNA strategy enriching RNA aptamer and schematic diagrams of
intracellular selection of RNA aptamer being resistance gene. A Site™”, Avirusi®®, HH™!, Neo5, Neo9, Neo16, Neo61?%, N1, M1, M4,
M5 365 Tk81t, Neoeco™, kA1t6™, Thox®!, NeolA. Neo4AP those were vectors with selected RNA aptamers expressed in
E. coli
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Neomycin B (pg/mL)

NC

M1
Thox
Neol A
Neo9
Neob1
Tk81t

M4

kA1t6

Jos
Neoeco
HH

N1
Neos
NeodA
M5
Neol6
A Site
Avirus

2 RNA EEABIIR R THIE R E L 4R F s R AT 1T 438 E

Figure 2 Validation of RNA aptamers tolerating neomycin B in vivo

H: A: 100 pg/mL 2 FE R B RIAT R A KAEN, BR PC AAMOIFA A BSIER &K, PC ATEFHMIENE, AREAEE;
B: &7 12 pg/mL (#iaE B PR IEME AN HA T DIRER RNA SR, 8 E A R TR R B W20, NaeERM
U BIANT 52 R B RS R B; C: RNAEACIATE A se Bl 52 #i % % B N9ME#%8(10-20 pg/mL). NC: {1 tRNA fHAE RNA
T R SEHE BT XT BRSOR; PC: pET-28a; ASite. Avirus, HH. Neo5. Neo9, Neol6. Neo6l, N1, M1, M4, M5, J6s. Tk8lt,
Neoeco. KALt6. Thox. NeolA. NeodA N AT % IRl4 RNA i Fi Ak B i 2 JSops

Note: A: The growth of different E. coli groups, each group could grow normally except PC group which did not contain gene AP; B:
Validation of RNA aptamers tolerating neomycin B on plate with 12 pg/mL, E. coli could’t survive indicated the group can’t tolerate with
12 pg/mL neomycin B; C: Effective concentration of RNA aptamers tolerating neomycin B (10-20 pg/mL). NC represented the vector

without aptamer; PC: pET-28a; A Site, Avirus, HH, Neo5, Neo9, Neol6, Neo61, N1, M1, M4, M5, J6s, Tk81t, Neoeco, kAlt6, Thox, NeolA,
Neo4A, those were vectors with selected RNA aptamers expressed in E. coli

AR By Ho HAT R APIHEIEAR RNA &R
4K A Site™ 1 Avirust® | 2R EEH S 19 pg/mL
(B 2C), P4 KIAF HTEHEE %= B 24 20 pg/mL
FHSARERS IEH A K .
2.3 ASite. Avirus EERRAMEE K%
HE— 2527 A Site. Avirus ¥R E A K
s, AERKHhZ R, 24l A Site F1 Avirus Y EE
A IR R I R AT A7 BE ) AR KAEBL(EL 3B
3C), TiAK AHEZE B I RNAE FLA B X if

ATERWEHER B (30 pg/mL)EiFRIEHAGE

K, H—DIUE TR E N B RNA &AM N
TSR A RO K RNA T Be A 2ok B
FORATATPE . AR SCRRRIE , A Site FEHI4L & A
16S rRNA ERMAYZES A S BRIy
§, A Site £ RER, SHEZR BRI
N OBEFER(E SAVREEAEAT 2% 54, Avirus 7
TR T 588 R B 11 4 DN IIE A BAE
PN BT SCERAE R, HEMTER N A Site Fl
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Figure 3 Growth curve

TE: A: FiBEE B Ib#451; B: ASite LIK Avirus [ 22544 ;
C: 30 pg/mL Hi# R B &M T RNA &R B4 Fri i A4
Killigk, RELFR 3 MUEENFERZ . NC: A% RNA
I O AL R B S T BE Bk ; PC: pET-28a; A Site. Avirus 2
AT &4 RNA & LS W A L F

Note: A: The structure of neomycin B; B: Structure of A Site and
Avirus; C: Growth curves of E. coli in the presence of RNA
aptamers with 30 pg/mL neomycin B. The error bar represented the
standard deviation of three data. NC represented the vector without

aptamer; PC: pET-28a; A Site and Avirus were vectors with
selected RNA aptamers expressed in E. coli

Avirus 558 % B HAT SRR, AT BEJE A Site
1 Avirus it 32518 K B AURE S & T A RNA &L
WRIEE, DLRCHEE 2 B T A LB IR A RE
55 RNA TERCRZE G R U E P 0 G SE5 1)
3 WiES®

AR RZECEA RNA &AL B4k
W E REMT S B it 12 po/mL W& R B, IEW
KIAPUERN RNA &AL HA T2 — 2 DT
AZMRET), ARMIAFBIAEZR RNA IEECAN Z45t
AERWBE AR ZES . SETIERN .
ZHi A ZAVE BT A Site F1 Avirus A, BFFEH
RSN ES R RNA EEAS S A Site #l
Avirus e —EMZERE, RIRE AR [F RNA &
T R 1 il 32 B 77 25 57 AT g2 AR U VAN A I 8
PR IE FLIARYE R I RERE IR I 5 — K2, R 8
I RSN EIS EI A RNA I35 B N TR g ER
Bamt, R SPES 455 R DT S KRR LRI,
0K o 2t SR 1y o i DR (AR O 4 A% 1 AN g
MBI N AR AR EE, NI AY B T EREE .
2 0 25 55 250 AT e s i PR AR S 6 45 31 1) 38 e )7
HNEEH, X RNA GERARILAE | 7 & Mo B.45
TR, S RNA S8 B ATE AR ) PR IE 3 T
PEBYE D TR AR N AR B4 1, RN
IESAFPUER RNA SRR R e
ARG, RNAEER RNA SRS HHE A1
RARGUVEFE R A AUVE T, A P 246 G BE 2 i 1B
PiA: R & RO AT Tk

Z it AR U B A AR 2 B A R e 1
A Site Fl Avirus IE B AR IR T4 16S rRNA
SEFFREE RNA 741, I B4 RS E EAT ¢
UFRRE SR RS £ T8 R, FRATTHED A Site
H1 Avirus BIHEE K2 19 pg/mL B8 % B R R AT
REJE . WO HLAG T 32 (A Y PR b 45 Rl T4 R 3R
A PN 1 R 25 F J At % R 042 35 TR 1 g
W, SR, HTHER B PuiE GRS gt
ST BRI BT A R B B (L, X
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TR B 4, THRBUERMPEE
s &R I SHE R B i S A B
B EBPEER], (NGB FER B 0 HIZ
PEFRAT I, ORRRAE IR B G Bk SR [ A 1 RCR
THEMERHIE, A AR AR 2
Werstuck 251N 3 /4~ RNA & (44> F 5k,
iK% 11.65 pg/mL RABEER W23 . MRARIZE
B2 RNA GERCIARS T+ HRIRTE tRNA 228 |,
WS HER B MPUER, SUFRe IR
RNA &R . R4 RNA & FLIARE G2 i
Z—EWENHER B, (HSITII &Rk
FEPRITii 52 P B R ARAFAE B AN/ N 228

ARSCEEGHE THA RN RNA 38 FLARAE 2
PUHESLR AT A7, MEILIUTE R (1) BT
tRNA 215 RNA TG BRI 7L g T #iei % B
RNA J& FL AR AR B e SR B . 7 RNA T8 B4 Bok:
FRAE AR IR SE T RNA T8 BC (A T & 52Tk 3 [
MER . (2) &RIEMEAEIN 2 FEiER B 1Y
RNA & it ik A Site Fll Avirus Y REMS IR Y k452
PorEER, & Bk 2 4 RNA i Fo A 5 41 ok iy
TR TERARE TR B aE R B mdem i 32y
19 pg/ml ., KBS IR i 52 He B 30 pg/mlL.
AR S YR FIESE RNA & Bt A A 5 H 1k 3 ]
NI ) o R, A TUR AR T 2R S I
K/ R 1-10 Kb, 18 FBUAE R BT SE A A B
K/NZIh 800 bp, AT HESNT 2 A K A B i ik R A7 R
Hilo BRIUL, SEBRmH i E ST R BN R K
LRI AR, RNA & B R 2 p: 3k K n]
RAEHETAER.

25 ETiR, RNA 8 FCAR AT LAAE hy 28901 5k
R, P B/ LR A R FRA K R
R R B 2R R B, AFRITIE T &
# B 1Y RNA & LIRSt L E Thne, e s
SR s 1T GE A T A BT AE A T A SIS, A
{544 B Tt o8 2 BoA JSpivk B I BERT RNA
TSRO T2 F e ROR
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