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Detection of in vitro Enzyme-synthesized c-di-GMP and cGAMP by Using RNA Aptamer
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Abstract: The aim of this study was to construct the method to simply and robustly detect the in
vitro enzyme-synthesized c-di-GMP and cGAMP. In this study, the double-stranded DNA contai-
ning T7 promoter, VC2 GEMM-I ribose switch sequence or VC2/g20a, spinach2 and tRNA
sequence was as the template, T7 RNA polymerase in vitro transcription system was used to pre-
pare VC2, VC2/g20a RNA aptamers. In addition, the binding abilities of RNA aptamer to c-di-GMP
and cGAMP were determined by examining the green fluorescence intensity. The results showed that the
VC2 RNA aptamer and VC2/g20a RNA aptamer were obtained through the process in which transcribed
RNA was heated and then was cooled slowly. Under the optimized conditions of 125 mmol « I.- ' KClI,
30 mmol « L' MgCl, for 180 min, VC2 and VC2/g20a aptamers could bind to ¢-di-GMP and
cGAMP, respectively, both with specificity and selectivity. In addition, the half effect concentra-
tion (EC50) of ¢-di-GMP for VC2 aptamer was (89£1.7) nmol + L', the EC50 of cGAMP for
VC2/g20a aptamer was (309 +4, 5) nmol « L', The detection limit of VC2 and VC2/g20a
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aptamers for c-di-GMP and cGAMP were 5 nmol * L' and 20 nmol « L'

, respectively. Moreover,

it was shown that the transcribed RNA mixture without purification could noticeably detect
c-di-GMP and ¢cGAMP by VC0179 synthesized. Thus, this simple and robust method could be
useful in detecting the c-di-GMP and cGAMP by VC0179 synthesized in vitro ,and which might be
applied to detect the activity of other c-di-GMP and cGAMP synthases.
Key words: RNA aptamer; c-di-GMP; ¢cGAMP; fluorescence detection
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F1 AARDERNELE DNA FFI
Table 1 The single strand DNA sequences used in this study

AR 731 (5'—>3")
Name Sequence
VC2 i it i CGATCCCGCGAAATtaatacgactcactataGCCCGGATAGCTCAGTCGGTAGAGCAGCGGCCGGAT-

VC2 aptamer

GTAACTGAATGAAATGGTGAAGGACGGGTCCACACGCACAGGGCAAACCATTCGAAAGAGT-

GGGACGCAAAGCCTCCGGCCTAAACCAGAAGACATGGTAGGTAGCGGGGTTACCGATGTTGTT-
GAGTAGAGTGTGAGCTCCGTAACTAGTTACATCCGGCCGCGGGTCCAGGGTTCAAGTCCC-

TGTTCGGGCGCCA
VC2/g20a CGATCCCGCGAAATtaatacgactcactataGCCCGGATAGCTCAGTCGGTAGAGCAGCGGCCGGAT-
& A Ak GTAACTGAATGAAATGGTGAAGGACGGGTCCACACGCACAGAGCAAACCATTCGAAAGAGT-

VC2/g20a aptamer

GGGACGCAAAGCCTCCGGCCTAAACCAGAAGACATGGTAGGTAGCGGGGTTACCGATGTTGTT-

GAGTAGAGTGTGAGCTCCGTAACTAGTTACATCCGGCCGCGGGTCCAGGGTTCAAGTCCC-

TGTTCGGGCGCCA

NERFFFIFRR T7T RNA RS E 81T T RIZ A F 53R R (RNA TR BHAF 51K R spinach 2 3& BL K MUK Fe 51 43 3 %

R VC2 & B FN VC2 / g20a i& fit {&

The lowercase sequences indicate the promoter for T7 RNA polymerase, underlined sequences indicate tRNA scaffold, italic se-

quences indicate spinach2 aptamer, and bold sequences indicate VC2 aptamer and VC2/g20a aptamer, respectively
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ddH,O % 100 pLJRG #4537 CHE 4 h, HH
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NaCl,10 mmol « L™"BEmg) & , I 15 8 7 % 6, 9%
J5 4 °C 13 000 r » min ' B0 30 min B& %5 40 i #%
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cGAMP" ;1 pymol « L' VC0179 55 2 mmol « L' fy
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2 mmol « L™ ') GTP Hil ATP & i c<GAMP; % Jij {&
Z YR 100 pL 22 s AL # 5 mmol « L' MgCl, Al
10 mmol « L™" HEPES(pH 7.5), 37 CH&H 3 h )5,
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2148 = 4 o m

E % W 49 %

g 25 CHRHE 3 h, RIEHE R 5 96 fLIE
i, 78 25 6 Mk 2% & 6 o BT AL (B & < 450 nmy;
5t 2530 nm) H R 2GR
1.6 FIEHH

AW A R St 3 RS . 4R
HEbrifEER 227K R . B Graphpad Prism5 3 {4 (1)
PR R T 20 Mk A7 25 5 0 3 M W, P<<0. 001 %
TN S

2 & R
2.1 RNA ZE{E5S c-di-GMP 1 cGAMP & & &4
R
CAMRGREZY, —MAM &8 7l
DLl it Fa F RNA = g% 45 9 AT {2 2 RNA $r
FUUU L H AR AR KR Mgt vk B R
AL RNA @ BLAR 5 o-di-GMP #l cGAMP By 255 .
% RNA IE /R 8 F FH T7 RNA R A i 4 5% 5t
R R 5 515 3 09 RNA #4028 4 L 2218 18 k15 3,

]
1

& VC2
| ™ vC2/20a

[o))

[\
1

HHXT 288 B (5550
Relative fluorescence intensity (fold)
o
L

S

o 1 3 6 10 30 50
Mg?*/(mmol - L")

C

S
1

& V(2
84 & VC2/220a

(=)}
1

AHXT LR (5550
T

[\
L

(=]

FEizE KClL MO mmol « L 3% 402 150 mmol « L', %¢
Jeom BTG . 24 MgCl, B 0 mmol « L™
e #] 50 mmol « L1, AT LLAT 2 26 Bl 45 ;. A8
30 mmol « L' MgCl, ,VC2 F1 VC2/g20a i fic {&
S5 c-di-GMP #l cGAMP 458 J5 7 A 19 5¢ 6 i
JE 5 X B B o S B I K 2 5. 6 A 4.3 4%
(& 1a), 7£125 mmol « L™ KCIE®W H, 5K G
KCI 4y %f B AH b VC2 1 VC2/g20a @ iR 5 c-di-
GMP 1l cGAMP 4543 J& 7= A 19 2 5t 58 JBE 53 551 5
25 TAER 5.3 M5 1b)

R R S 7 B [A) % 5 Sl 3 B B 52 e, RNA 3
BiE S odi-GMP #l1 cGAMP Bt {4 i & i B ] # K,
FEAR B R (B 1o . X A4F 25 CTHEF 180 min
. VC2 F1 VC2/g20a I P fA iy %< S 5 BE 43 51 14 Jm
B 8. 3MHEM 5. 1M, Lih BARSR. I A
fF 7 RNA AR S o di-GMP Fil cGAMP B {4
f£ 125 mmol « L' KCI #1 30 mmol « L' MgCl, &
W 180 min,

=)
s 10
E vC2
8% 81 vCuxoa
8
EE 6
= g
53 4
R8
— O
e
L 21
.2
=
& 0 T T T T T T T T
0 5 25 50 75 100 125 150
K*/(mmol-L™")

Relative fluorescence intensity (fold)

=
W

L] 1 1
30 60 120 180

[ ]A]/min Time

a.b.c 351 MgCl, (KCL ¥ B2 FNZE5 A i 0] X 28 Yook BE g ) . BT AN 480 3 IRE & B iR 22 b i 22 38R, T IR
a,b, c. Effect of MgCl, , KCI concentrations and binding time on the fluorescence intensity produced by VC2 and VC2/g20a

aptamers. All measurements were conducted with 3 duplicates and error bars represent the S. D, the same as below
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Fig. 1

Condition optimizing for c-di-GMP and cGAMP binding to RNA aptamers
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RORETIRR . RN o-di-GMP il cGAMP Bt {7 [ £ i 7€ 6 38 3 1 15 52 3B

a. The sensitivity of VC2 and VC2/g20a aptamers detecting c-di-GMP and ¢cGAMP; b. The detection limit of VC2 and
VC2/g20a aptamers towards c-di-GMP and cGAMP. Background without ligand was removed from every point

2 FHTE VC2 # VC2/g20 B E 4K 43 BI%F c-di-GMP F1 cGAMP H#& i = 85 B R 44 U R

Fig. 2 The datection sensitivity and limit of VC2 and VC2/g20 aptamers towards c-di-GMP and ¢cGAMP, respectively

2.3 RNA EEMKXT c-di-GMP F1 cGAMP gy % %14
T E S BCAR XS e-di-GMP Al cGAMP (1) %
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GMP &5 &= = B a9 & % 6. X 5 Kellen-
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K2 3. 2 5095 650 B (B 4a, P<<0.0D), 5K
i ATP At GTP f9 B4 % B [, VC2/g20a 3 i
R&E& VCO179 & W cGAMP J5, 7] DLy~ A4 #2ik
2.5 fE 98 6T B (&l 4b, P<<0.01), iR %di 3=
W5 S5 1 RNA S8 Bc AR TR & 4 e % 45 0 i 42 J2 1 ™
A1) o-di-GMP F1 cGAMP,

3 W

% A5 F o di-GMP Fil cGAMP fig % Hil
BUAR = T RT3 3% B WA A S e v R T se
B . c-di-GMP F1 cGAMP Xf 58 & T K98 5% IR T
HAWER HME. HAikMS od-GMP il cGAMP
() — A7 Y Sl o A2 G B I 1 AR R AT H A7
FE—SER R, e A R e A S —
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The VC2 and VC2/g20a aptamers and their negative control(VC2/c92u) bound to the ligands (ATP, ATP + GTP, c-di-
AMP, c-di-GMP and ¢cGAMP) under optimal binding conditions and the corresponding fluorescence intensities were detec-
ted. Fluorescence was normalized by sample without ligands

3 RNA EFE X A B Bo o Y i 3 1%

Fig. 3 The selectivity of RNA aptamers toward different ligands
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23 41 = £
e 87,
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o 1- T
= =z
2, £,
~ T & T
vC2  + + + VC2/g20a  + + +
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vCo179  — + + RS + *

a BT VC2 I IR & BRI VC0179 & i o di-GMP; b, %% ¢ty VC2/g20a 3 BiE 7K 38 4 9 1 VCO179 45 1R i
cGAMP, x x x., P<C0.001

a. Transcribed VC2 aptamer mixture detected c-di-GMP by VC0179 synthesized; b. Transcribed VC2/g20a aptamer mixture
detected cGAMP by VC0179 synthesized. * % % . P<C0.001

4 RNAEEREREE®I VC0179 & B8 c-di-GMP F1 cGAMP Hj#& il

Fig.4 Transcribed RNA mixture was used to detect c-di-GMP and cGAMP by VC0179 synthesized
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FRET.TLC % .3 48 )5 v Bk A 8500 A7 76 i i
ol an it v A5 A £ RS-0 S IO B R A I o-di-
GMP 1 cGAMP B 2% i E 52 4%, 1 25 B 1] <, OF
LRI B AR 3 o T R TR e S A T R Y
c-di-GMP fl cGAMP B 75 2 LB ™= Y b i il 2 s
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Fig. 5 Schematic illustration of designed RNA aptamers for detecting c-di-GMP and cGAMP
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