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Fluorescence dye CyS.5-based primer extension technique
determines RNA cleavage sites of bacteria

WANG Na, LI Ping, QIU Zili, XU Chenggang*

Institute of Biotechnology, Shanxi University, Taiyuan 030006, Shanxi, China

Abstract: [Background] Traditional primer extension assay usually uses radioactive probes to
identify the start sites of transcription and processing sites of transcripts. However, the
application of this method in general laboratories is limited because of the short half-life, health
hazards, and waste disposal issue of radioisotope-labeled primers. [Objective] To develop a
non-radioactive method of primer extension by employing near-infrared fluorescent cyanine dye
Cy5.5 and then employ this method to identify the RNA cleavage sites of bacteria. [Methods]
The sequence harboring RNA cleavage sites was inserted into the dual-luciferase reporter assay
system, and then the Cy5.5-labeled oligonucleotides primer specific to mcherry was used for
primer extension. The RNA cleavage sites were precisely identified by Northern blotting and
CyS5.5-based primer extension technique. [Results] Two processing sites of cip-cel mRNA were
identified, which located in the downstream region of the stem-loop. However, no conserved
sequence was identified near the processing sites. [Conclusion] Compared with radioactive
isotope-based primer extension methods, the Cy5.5-based primer extension technique not only
efficiently determines processing sites of RNA molecules but also avoids the use of hazardous
radioactive isotope reagents for labeling and shortens the processing time, which suggests that
the Cy5.5-labeled probe is suitable for primer extension assay.

Keywords: near-infrared fluorescent dye; CyS5.5-labeled probe; non-radioactive; primer extension;
RNA cleavage sites of bacteria

5y S A A SRy — ol P F % e SRR AR 6 A
o, RNA B5U1IN TS FAw ik, £
LTI E RNA T 19 5K b, Har B s
Ak B B I Y 2y vk I AR R R R
iR 2R AR 2R TN M Tk Mg 5 JE W) B 43 25 ¢cDNA Bt
OB A 20k BN R, GE A H A A B
cDNA F Bt Je 5 HX R )7 ladder i RNA
ST SRR, ARINYEE SRR IGN S RNA
BEYIIN T AT (& 1P, L5005 4 4 e 5 1 3=
BT RIN R4S A R WA PP ARig),
I A B E A cDNA 19 5K, BAR
REUEES, (Bl THORES P2 s . fa

FNARMEERE PR Y A0 B ) EURN & 2% O B T
SRV, BRI T HAE — RS g = A
Mo EBTERR, BRI EEU
PEARIC (ANt = . AR W) 3R 55 )% T R T IT B
RGEEPERRIC , (H AR T 2ty IC A1 1
T AR S v 2R S aEOR) B B AR I A AC
JE AT RGN, i RS I AR g A 2T
AR, LAY B EAR T R
BB KT BN AE A A G AR iy A=
YIRS T Aok 2 i e, 5
APIOEIBIAHLL, AEE YR Cy5.5)3F L L15k
¢yt (infrared fluorescent, NIRF)JLRIE: T HA %5

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2668 A 2 AR

Microbiol. China

=

DNA extraction l

Plasminds

Sequencing reactions |
A

Samples s——e
* —e *

-
i

.

| RNA extraction

Total RNA

| Reverse transcription

|
A
C —_—
T R
Al——
G
T —
G
T —_
C e
A
T
: T
Complementary chain 3" [0 1 T Dol
Template strand 5'--=- L1111 ,IA

1 SMERTER

Figure 1 Overview of primer extension procedure.
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Cy5.5 Fpic HAHSL T LG8 0505 N4 A s ik
ARSI REAR L, DU RE 08K 1 45 € i 2T AR 1A
(Runminiclostridium cellulolyticum) cip-cel mRNA H
BB OIIN AL AL, R RS B PR T A [R5 e AR
B SRR A7 B RNA BTYIIN T A s $ f—Fp
BRI A ] B 0 S T 1

1 MHE7%

1.1 E#IEFR
WFFE A T R AN R W2 1. e 4ER i
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T ~ ¢cDNA
e
l Gel electrophoresis
—| = dsDNA
— ssRNA
= ddNTP
—e Radioactive/Fluorescent
DNA oligonucleotides
|
TCACAGTA :
S P S
S Y Y I 3
AGTGTCAT

(R. cellulolyticum) ATCC35319 F51E GS-2 {55
JEEO - DLZF A TR ARIR . 35 CCIR S B 1
o KWFFE (Escherichia coli) DHSo I HiA% 4k,
JE I AIIAE LB K374k 37 °C. 180 r/min #R5 1%
#% 12-16 h, 40 pg/mL IZLE K A 100 pg/mL [
RN B R0 TR 45 40 R s A T e
b5 i 1
1.2 EFZRFFR

Tag DNA 4. DNA Marker, Jtbai4
KB EVEARAR AR ; T4 DNA ZEHH . R
T PEN DI . M-MLV [ 3%, Ay T/~
(Ki#E)AFR/A ] ; DNA Gel/PCR Purification
MiniPrep Kit, Plasmid MiniPrep Kit. HiScript“III
RT SuperMix for qPCR (+gDNA wiper) Kit Fl
ChamQ Universal SYBR qPCR Master Mix, [E3]
SMESE A IR RS 7] 5 RNase-Free DNase
Set, EZ-10 Total RNA Mini-Prep Kit, Cy5.5
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Table 1  Strains and plasmids used in this study

RS AL filiid

Strains and plasmids Description

Source or reference

Strains
E. coli DH5a

80d lacZ AM15, A(lacZYA-argF) U169, endAl, recAl hsdR17(r, m;"),
SupE44A" thi-1 gyrA96, reld1, phoA

Transgene

R. cellulolyticum H10 AMspI Derived from Ruminiclostridium cellulolytiuem H10 with the Mspl deleted Granted from Cui et alt'”

Plasmids
pMTC6 pIMPI derivative expression vector bearing fbfp gene This study
pIR2 pPMTC6 derivative expression vector bearing intergenic regions genes (IR2) This study
pIRS pPMTC6 derivative expression vector bearing intergenic regions genes (IR5) This study

PRIC DT | Wy S HAt & FL5 1 W6 O
A T A TREEE A BR A 7 ; USB®Thermo
Sequenase Cycle Sequencing Kit, FEER K /K
PHLPENVABR AR 215K, A NVE&HR, dt
TR TFNH]; Trizol WAF, LA YR
Bty A B vl JE e, GE HealthCare 23]

CFX Connect Real-Time PCR Detection
System. HLEAL . EZSHEI{Y, Bio-Rad A Fl;
Odyssey CLx ZLAMHOE XA KR 08 R4,
LI-COR Biosciences 2~ H]; JYCX1B FIJ ¥
VKAE, JERCREARITRIKIEARAR; HE
BUGr T A SChE, R T XA e 22 vl 5 ey
H.0HL, Eppendorf 23 H] .
1.3 MAURREMBEENL

0.5 mL R. cellulolyticum 1537 (0ODg00=0.5)
FR T 50 mL GS-2 Bigpdkrh, 35 cCHRAM ERE
It 17-24 h ZHECERK IR HI(0OD60=0.5-0.7))5 ,
VK 30 min, 4 °C. 8000 r/min #5.0> 10 min Y54
WA, 10 mL B4 A HLEE 22 ik (0.275 mol/L
BEHE, 0.005 mol/L BEFRE 8, pH 6.5)1E%
AR 23, feJa A 1 mL 98 A L 5 2% b B
il Bz S AN . 5 200 L JBAZ A AN i A
1 pg BokL, FEOMRAIEHFE R 2 mm BT,
THIE 1.6 kV., HLFH 400 Q. HL%5 25 uF 040 F
AT, M R NGRS = 35 cCHiH.

TEHUHERY GS-2 FEFRIEh I IREE R 12 h, RJEIR
A5 F21 5 R P20 pg/mL)AY GS-2 A4,
BRI 3-5 d SR PR R
1.4 RNA HJZEX

W 50 mL Ky 3R 298k KT e
(ODg0g=0.5-0.7)f*] R. cellulolyticum, 8 000 r/min
250 10 min WCAEANL, & T 1 mL Trizol 24 f#
4itl, #RJ5E 1 EZ-10 Total RNA Mini-Prep Kit
PEHUE RNA, JfFH RNase-free DNase Set Bk
BLIFIZH DNA. RNA AR AE T -80 °CH5
1.5 Northern blotting

BUS pg B RNAGHE T 1% B AR VB g e
WEHL TR 3B, AR L 23 e B2 B 7E Transfer
buffer (20xSSC, 3 mol/L & 4k4H, 0.3 mol/L #7145
PR =8N VE R K LB ) Je JE B B Ol a5
HPSEHRIEIE , 42 *CHFFFIEAEI fbfp FI mcherry
f) Cy5.5 hric DNA SREF RS . AR ZIAHY
Je JEBEAF Odyssey CLx £L 4N G 4
Bt R Gekr i 2 1550,
1.6 Real-Time quantitative PCR (RT-qPCR)

FI M Hiscript®III RT SuperMix for qPCR

(+gDNA wiper) Kit #3436 RNA 5% 5%
#3%] cDNA, RT-qPCR JZ 1A% (20 pL): cDNA
AR 500-1 000 ng, I, FUHE514(10 pmol/L)4%
0.4 uL (51¥F %)WL 2), 2xChamQ Universal
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Table 2 Primers and probes used in this study

FIVIARET 2P SIYRET P

Primers/Probes Sequence (5'—3")

il Loy K

Description and products of sizes
(bp)

Primers
IR2 F GGAAGATCTTATTTAATACTATGACGCATATG To amplify the intergenic region
IR2 R CTTCTCCTTTTGATACCATGTTCTTACCTTAATCCTTTTC  of cel48F—cel8C (IR2); 128
IRS F GGAAGATCTTTTTGAAGTTTTATTTGGAAC To amplify the intergenic region
IR5_R CTTCTCCTTTTGATACCATGGCTTTTCTCCTTATTTATTCAA of cel9E-orfX (IR5); 168
fofp F ATGATAAATGCAAAACTTCTTCAGC To amplify the DNA fragment of
fbfp R TTAATGTTTTGCCTGACCCTG fbfp; 447
mcherry F ATGGTATTCAAAAGGAGAAGAAG To amplify the DNA fragment of
mcherry R TTATTTATAAAGTTCATCCATTCCTCC mcherry; 711
qPCR_fbfp F CATGATCAGCCTGGTATAGC To clone fbfp fragment for qPCR;
qPCR_fbfp R TCTTCTGCAAATACCTGTGCT 200
gqPCR_mcherry F ATTTTCCTTCAGATGGACCTGT To clone mcherry fragment for
qPCR_mcherry R ATTATATGCTCCAGGAAGCTGT qPCR; 200
qPCR _Ccel 0312 F AGATACTAAGCTCGGTCCTGA To clone Ccel 0312 fragment for
qPCR_Ccel_0312_R CACCAAAGATCGCTCTAAGCA qPCR; 200

Probes
*fbfp probe
*mcherry probe

*mcherryPE R ATTGCCATATTATCTTCTTC

GCTGAAGAAGTTTTGCATTTATCAT
CTCGTCTTCCTCTGTAAGTTGTCCTCCT

To probe gene fbfp
To probe gene mcherry

To target 5’ end of processed
transcripts

SYBR qPCR Master Mix 10 pL, ddH,O #h&
20 uL. #R%JJ57E CFX Connect Real-Time PCR
Detection System 435X fbfp F1 mcherry 1)
FROK AR . PCR FOW 2544: 95 °C 30 s;
95 °C 3—-10's, 60 °C 10-30 s, 3L 40 MFEFF. %
fR IR SN 254 95°C 155, 60°C 60's, 95 °C
15 so FEHEAYAIXTRIRAKELL Ceel 0312 (4ih
RNA R4 B I KNSR, FieIE 274t
ST .
1.7 S5

T, UL Ml TR f5 HEZ BORA R
Cy5.5 #ric B9#R £ *mcherryPE_ Ry ¢ S5 14 5
¥, FIFH USB® Thermo Sequenase Cycle Sequencing
Kit #EATHG YY1, 38 3 U A B2 1R PR
2 ¥ ladder =¥, B, Dz o¢ G4 E

*mcherryPE_R N5 VE5 19, i FH S % i
M-MLV #i%% 5% 5 RNA 3513 cDNA. &5, ¥
A P RN 7 ladder 724 A1 cDNA FE i [R] B 28 8%
PRE|EVER NI B Ik o 8 o e, H
JH Odyssey CLx ZLAMHEOEAUE EIR 5B R Gk
M ef55 . Wi e cDNA 5l 7 ladder 2%
WL, W PRI RNA BT U0 A7 5 .

2 HERE4M

21 BTFWRK RGN EAREAE
LYk /IMATE R. cellulolyticum 43 B —Fi
ST RZEE S, cip-cel B\ TFAERITLLT
Ae/MEhAgE RN, FEEE 12 M
T R iy SE R, FRATTRTIA SR 2 2 R B
YN FE R [E] B IX (intergenic regions, IRs)H

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FIREE: FET 560kl CyS5.5 bric i 51 W0 2E iy 4 e 41 RNA BTN A7 A 2671

Z/DTEAE 5 AU T A S PN, AR RS B

LA IR2 LIRS S, 3 ol v e 5 A 2% DA 1]
XY ZH JBORL, R HAE LR B BT DTN T3 gk —
MR, VL R. cellulolyticum 3[R 4] A
Mo, FAFEZHRSIYE 205 5wk cip-cel
B T IR2 1 IRS. A4 1915 5 1 S [ ]
b X R B o) 5 2 @ 0 YL R meherrry 81 T
% Jt i PCR (single overlap extension PCR,
SOE-PCR)ZEAT Rl &, Rl A Br BRI 1 4 1)
fiff Bgl 1A EcoR 1 XUV 5 1 A 2 5k pMCT6

A The cip-cel operon

FXF N A5, SERESTEIE T fofp SLRITE Pihl
RS TR T RS R 2A) W EH
KL (43 ) 44 4 pIR2 . pIRS)Z: PCR # 34 AR
Tl YT E % 22 o 1% Bh i W A v Tk 45
BN, fE 2 DNEA R R B E] T 5T HEA
9 H B BeR/N—S0 DNA Fr B, 439120 839 bp
1879 bp (K 2B, 2C). It4h, DNA IF4r#r
WIE T4 A R BOP S B IE . X eegs5 5
Sy E A TR pIR2 5 pIRS M i, Fh)E
B R AL T A R, cellulolytiuem T .

BamH 1

bp M pIR2 pIRS bp

Bgl 11

EcoR 1

bp M pIR2 pIR5S bp

5000 5217

3000

2000
1500

1000 879
750 839

500

250
100

2 ETIRAMERGOEHLERNMEE A EAFNMEREZE. B: PCR 44 % 4 k.
C: Bgl Il EcoR TXU] % % 5 41 Ji ke
Figure 2 Construction of recombinant plasmids based on dual-luciferase reporter system. A: IRs (IR2 and

IR5) from the cip-cel operon were respectively inserted into the reporter system. B: The resulted plasmids
were identified by PCR. C: The resulted plasmids were digestion of Bg/ Il and EcoR 1.
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22 WRASIPBNZITFS R

TEG e oAb, S T F H bR IF 51 5%
AW SFERGFEIR S | 45 B T T30 114 % 3% e 1 1
BN TAZ A 150200 bp LA, FrisEIAgHG:
D25 R el o AR LR B, BEREAE LT (AU
FEH (mcherry) IR T F 35 bp &b itin]
Cy5.5 Pric i SEA% H R0 51 ¥ *meherryPE_R
(B 3A). SIYKE ] 25 bp, 3" AN C oAk H.
GC &t 30%, JoARM A& %45, BT
R R Rl N R e K7/ L E ¥ E7
M4 vk, A IR2_F/*mcherryPE R Al IR5_F/
*mcherryPE_R WiXf 514y, VAL BORL pIR2 F
PIRS AL H L PCR ¥ 3 A 40T (1 3A) o
ZEIL R, 1E 839 bp F1 879 bp 44> HIAS I 5] T

A
Pihl
pIR2/pIRS
B
g x adg
4
\\6* ((\ &\6{

879 bp
839 bp

BRIy A HAEEH R I A (K] 3B). [
B, FIH Odyssey CLx ZLAM#I W€ EIMR 53 B
ARG G R BSOS, TEARRIRY
{3z B AT B AR BRS8N 965 5 (K 3C), X8
25 X B P OGS | YA ARG B e S 1
PR, HIOUFE S WOt B R H
I T TG T LA A AN A R, A Ao R
] B
2.3 IR2 #1 IRS # RNA BT % E
KT E—HW05E cip-cel #:49\F IR2 il IRS
W RNA 3590 T, 3ot ita iiae g R
PRI B & 7R GE v 4 6. 9 5L T (b fp)
LT a5 R K (meherry) ) Cy5.5 FRIC ) DNA
BEF(FP Y W 2), #3d Northern blotting X A

-k
*mcherryPE_R

C *
&QQ)/
& (4
& as®
a3 83

AU

Q@Ss

879 bp
839 bp

B 3 Cy5.5 fRCHIRASIMEFRMEST A JO6514% PCR Kalll/niE . B: Bl BisE I s ik o b

PCR {3177 ¥). C: 2OLMUR RGN PCR 4734 7 1)

Specificity of the CyS5.5-labeled primer. A: Schematic representation of the detection of

Figure 3

fluorescent primer via PCR. B: The PCR products of fluorescent primer were analyzed by 1% agarose gel
electrophoresis. C: The PCR products were directly detected by fluorescence imaging system.
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T Y\ T (fofp-Irs-mcherry) ) 55 53 4R 25 3647 43
Mro @i BN, SAREIUITFEXT A,
Fr T 2K 1.2 kb YU T35 sk A 251, IR2
IRS A 3] 1 5 2 e PR /N — S0 BRI s
FHSEARRIFAE(E 4A . 4B), #iE TR2 I IRS
AL BTG S, RS RN AL IR M DI TR )
5], [AEF RT-gPCR 455H B R (E 4C. 4D),
IR2 1 IRS b, "FUESEDR B4 SR oK P f 2530
hn, BERH B DI RESE A RNA BESE P
24 SIHERELE RNA BIYIMIALA
KT E— RS 0BT IR2 F1IRS A RNA

A kb IR2
2:0—
1.0—

Control

S — /bfp-mcherry

0.5 — S— —Jofp

2.0
1.0 —

-fhfp-mcherry

0.5—

25001
2000
1 500

w fbfp

u mcherry

1 000
500

Relative transcript level

IR2 Control

BT TALS, R Cy5.5 FRiciy s fik
XF RNA BIYIINTA s i A7 5 . R 8% IR
B AR IR TN A T e B8 e [) B XU ) 1adder FHI
cDNA #1708, il cDNA FKAHixt 5
I ladder #iE mRNA B 5K, & 5 @R
T IR2 Al IRS &A= RNA BIYIIN T )55 2 AR5
PISEMREE IR 453 BoR, IR2 A1 IRS A RNA 57
VI UALS AT A BRI o X Y057 5 B
P SRS HEA T A0 B, 2 s YT
7 25 B I P RS 7 20 R A RS, (B
U TN B BOAGE RAEAE . R, BOEASE Y

B kb IR5  Control
2.0 (.
o —— fp-mcherry
%77 — /b
2.0
Lo— - L fbfp-mcherry
g L
0.5 - —mcherry
D
T}) 2500 = fh}fz
u mcherr
2 5000 ¥
B=
3 1500
g
= 1000
g
£ 500
L
e

IR5 Control

4 IR2FAIRSH RNABYIMIMEE A, B: FIHM M /Bbfp M mcherry #5518 3 Northern blotting
03T IR2 FiT IRS Y RNA B94]. C. D: it RT-qPCR 435430471 IR2 #1 IRS H I fbfp F1 mcherry
(e KT LIRS IRs M EE 8800 28 FI X BRL 1R 25 25 3R0R 3 IRE 2 S 3 (91 X 1 00 s o O 22

Figure 4 Analysis of RNA processing in IR2 and IR5. A, B: Northern blotting analysis of transcripts using
the dual-luciferase reporter system carrying each IR2 and IRS with fbfp- and mcherry-targeting probes. C, D:
Relative transcription level of fbfp and mcherry in artificial operons harboring IR2 and IR5 measured by

RT-qPCR. No any IRs harbored was as control. Error bars indicate the standard deviation of the mean from
experiments done in triplicate.
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Figure 5 RNA cleavage sites of IR2 (A) and IRS (B) were precisely identified by primer extension assay.

Cleavage sites are indicated by red arrows.

ATRETEREH] RNA BTUID RS 7 OCHAEH], (2
HRARME FALENE 5 2 — 2 AR R

3 W54 #®

TEAM ST, AT E T —Fh e 4
a7 i A A FH e Yokt Cy5.5 FRic Y519 4 fif
B, FIHZ T BAEHEEE T R. cellulolyticum 1)
cip-cel Y\ T IR2 1 IRS H i RNA BT U100 T 4%
Mo AU B TARFEAEIVE T T cip-cel
ERO\T DR WIAL IR B S L BT R A BT VIS 5
] Bt 1 — 2530 8 T A 20 A0 e e R e O A
FH Yk Cys.5 TEA YR AR BN

YR Cy5.5 VER Yo 32 1 —2K
LA, BT RO R R Sk
FEIRAANX, BAMOGIEE T, &R BUE
SRR P DRI T2 T R B I 2 35T
FIRFFE T, WA AN AR PR E T2 L A
G S G S AT PO R R (R A )
S LT . AT Cy5.5 Fric BT RRRET
RS s PR S F A A miRNAPY 5, IncRNAPY
f) R AR AR B T 74 Rk, [FEE, A
S E KK CyS.5 PRC P EIRET I B b
FRBRED 2257, FEARWE S, FRATRIUE T
Cy5.5 PR PSR IR S 7S | ) 4 {5256 10
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AT RErE, KB Cys.5 FRcis ¥ HA RIFH
FESPERY B R, ARSIy, 1
HNA FLA A v WA RS R 1 DA R 2 4 Lk 4 fRT
KRB RMbRc T . Hitk, AuRit—2F
TAEE YR Cy5.5 TEA 4k it i

S5 1 U AR IE 1 5 | P 2E A A
T IT T A RE S fift P A B P s B R 7 R A i
R MG S AL BRI L, 1 A A2
oo (1) mAEFYR CyS.5 wnicis Pl &
faj e, AT AR Z BT IR & LA /T,
TG 2 22 bR O FE 8 o] BLEE T, S
P TR ACR . (2) WURMES I
R, KR T AR E BN E, TR 2R
8 B[] Bt s B T R R Ty, MO S, K
FeARCB I HERE, AITE-20 CPHAFK IR 12 4F
FIRFIE], BRI 29 E IR SE R A . (3) AHER T
TS PR BRI 22 7S RN A B 15 S A R
PECATZ PSR F Gt 245 I T G 7 %
¥ B LR /0B LI U PO s ) | DR G TR M E
WEERT A4k . BRI, B CyS.5 FRIC A5 9 LEfh
T AR — P S T X T e SR R AV e B
S SR IR KBV T AV 5 55— R AN A 5K o

SR, FETF Cys.5 Anic BS54 st A5 5%
FETE—E WGP, T2t —B ot Eankidt, 5
RS AR IC B 5 | AR yE AR B, 207k
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