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Identification of Ruminiclostridium cellulolyticum
endoribonuclease specific to cip-cel mRNA

WU Shasha, LI Ping, WANG Na, XU Chenggang*

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

Abstract: [Objective] In this study, the endoribonuclease processing the cip-cel mRNA encoding
cellulosome was identified in Ruminiclostridium cellulolyticum. [Methods] The activity of four
putative endoribonucleases (RNase III, RNase J, RNase G, and RNase Y) in cip-cel mRNA cleavage
was analyzed via gene knockout by Clostron, overexpression in vivo, overexpression in vitro, and
activity analysis. [Results] Genes (rnc and rnj) encoding RNase III and RNase J were disrupted and the
resulted mutants did not affect the processing in intergenic region (IR) of the cip-ce/ mRNA. Moreover,
RNase G and RNase Y were overexpressed and purified in vitro. RNase Y could cleave and degrade the
mRNA harboring IR of the cip-cel mRNA in vitro, while RNase G failed to have any effect on that.
Furthermore, overexpression of RNase Y in vivo could accelerate the degradation of cip-cel mRNA.
[Conclusion] The cip-cel mRNA is potentially processed by RNase Y. The result helps deepen the

understanding of the function of RNase Y in Gram-positive bacteria and the enzyme’s regulation of

differential gene expression at the post-transcription level.
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DH50., ik kK E. coli BL21(DE3) I LT 4 £
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<l actamicro@im.ac.cn, & 010-64807516

The model for regulation of expression of the cip-cel operon in the post-transcriptional level.
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T7 High Yield RNA Synthesis Kit &4} 53k
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B AT IR ]
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Y1(FE 1)X%F % t% RNase Y (Ccel_0605)F1 RNase G
(Ceel _1319)BY ALK 435 PCR § G 3KHL rny F0
rng B R Bt SR PCR 914 iy 5L X 7™ ) 7y
SiE S My 11 BamH 1 XY vi e 474 thl
G ) B < 0\ N O = R N N o 1 A
PMTC6-rny Fl pMTC6-rng. FFH5i ¥ 1E 6 1) %
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15 EAERESH4L

Xt R. cellulolyticum H10 * RNase Y F&[H
rny (Ccel_0605)F1 RNase G F£[H rng (Ceel _1319)
AT TIRSME Rk . HELL R. cellulolyticum H10
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HEIYI (R )55 PCR B 3RE rny F1 rng FE A
FrBe. SRIEH PCR 48 X ¥ 43 5il) i ik
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b PR TE Y 2 5 mL LB AR IR (25 mg/L
AN HER)A I, K% 577 L
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Table 1 The primers used in this study

Primers Primer sequences (5'—3")

References

Ccel_0687_IBS
TAGGGTG
Ccel_0687_EBS2
GTGTCT
Ccel _0687_EBS1d
CTTACCTTTCTTTGT
Ccel 1772 IBS
ATAGGGTG
Ccel 1772 _EBS2
GTGTCT
Ccel _1772_EBSI1d
ACTTACCTTTCTTTGT
EBS universal primer

CCGCTCGAGATAATTATCCTTATTTTCCCATACAGTGCGCCCAGA To construct a targeting

region for Ccel 0687 by

TGAACGCAAGTTTCTAATTTCGGTTGAAAATCGATAGAGGAAA SOE PCR.

AGATTGTACAAATGTGGTGATAACAGATAAGTCCATACAATTAA

CCGCTCGAGATAATTATCCTTAGTTGCCTTAGCAGTGCGCCCAG To construct a targeting

region for Ccel 1772 by

TGAACGCAAGTTTCTAATTTCGATTGCAACTCGATAGAGGAAA SOE PCR.

CAGATTGTACAAATGTGGTGATAACAGATAAGTCTTAGCAATTA

CGAAATTAGAAACTTGCGTTCAGTAAAC

Ccel_0605_F (Mlu )
Ccel_0605_R (BamH I)
Ccel _1319_F (Mlu 1)
Ccel 1319 R (BamH 1)
Ccel_0687_F
Ccel_0687_R

Ccel 1772 F

Ccel 1772 R
Ccel_0605_F (BamH I)
Ccel_0605_R (Sal 1)
Ccel 1319 _F (BamH 1)
Ccel _1319_R (Sal 1)
IR_F (Bgl II)

IR_R (EcoR 1)

T7 promoter-fbfp F
mcherry R

fofp F

fofp R

cipC_F

cipC_R

CGACGCGTGTGTGTAAAATAATAGTTA
CGGGATCCTTATTTTGCATATTCAAT
CGACGCGTATGGTTAATGAGATTATAGTAGATG
CGGGATCCCTAATCAGTGTCAATGTCTTTAATT
GTGTGTAAAATAATAGTTAA
TTATTTTGCATATTCAATAGC
GTGTCAAAAAGCAAAAAAA
TTATATTTCCATTATAATAGGT
CGGGATCCGTGTGTAAAATAATAGTTA
GCGTCGACTTATTTTGCATATTCAAT
CGCGGATCCATGGTTAATGAGATTATAGT
ACGCGTCGACCTAATCAGTGTCAAT
GGAAGATCTTTATTGAATTTAAATTTTCC
CCGGAATTCTTTACACCTTCCTTATTCTT

TAATACGACTCACTATAGGGATGATAAATGCAAAACTTCTTCAGC

TTATTTATAAAGTTCATCCATTCCT
ATGATAAATGCAAAACTTCT
GCTATACCAGGCTGATCATG
ATGCGTAAAAAGTCTTTAGCATTTTT
TCTGCCAAGTTGATTGGTGAA

To amplify the gene
Ccel 0605

To amplify the gene
Ccel 1319

To validate the mutant of
Ccel 0687

To validate the mutant of
Ccel 1772

To amplify the gene
Ccel 0605

To amplify the gene
Ccel 1319

To amplify the DNA
fragment of IR

To amplify the DNA
fragment of fbfp-IR-mcherry

To prepare probe for fbfp

To prepare probe for cipC

1:100 553 F % 25 mg/mL & %75 %5 K 9 100 mL

pH 7.3 PBS ik V-5 41 /) GST-Sepharose4B 3

WK LB 1, 180 r/min. 37 °C G HHFE
ODgp=0.6-0.7 fI A IPTG 16 °C ¥ 5%k 12 h,
8 000 r/min E.OUER A, H 30 mL pH 7.3
PBS 2% MR EE B T, vk b A 2R R A

13 000 r/min #.0> 30 min, W& FiEH FHEEZR

<l actamicro@im.ac.cn, & 010-64807516

FUZHTHE, A 5-10 f5EHARFLE) PBS V-5 2g np
W, A 20 mL PRSP (10 mmol/L i
JERIA BEH K, 50 mmol/L Tris-HCI, pH 8.0)%k
BEMEA. L 12% R E S, ¢/mLl)
SDS-PAGE 4341, Kl HM&EH . B HIWEH
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BT B 2 vp % W (20 mmol/L Tris-HCI,
100 mmol/L NaCl, pH 8.0)HF #EF 7l Ehab ¥, %
Je K B R 2 DR e AR MR AR T L IR BR T S
{47 T80 °C.
1.6 RNase {KINEMEEE

h T EE IR N DR iE Y, RATE
Sl R. cellulolyticum H10 FE R 2 Ry #5 A,
IR_F/R J5I¥1(F 1) PCR 4L cip-cel #:9\
TR0 & BT 5B cipC i cel48F B LA [a] bR
[X (intergenic region, IR)ZEH B, SR 5% PCR
PGSR =Y aE it Bel 11 EcoR 14 A FI X4
JEE ARG fbfp (IESEETOCE )
mcherry (YRS LI EE ) Z ], FE NI T
# FRLED pMTCY9-IR., 7EZ R G, % 5%
—A~ fbfp-IR-mcherry BRI T mRNA. K5
DA pMTCO-IR ki Al , T7 promoter-fbfp F/
mcherry R 95 |#)(5% 1) PCR AL & T7 )3
7 T7-fbfp-IR-mcherry DNA, HX 0.1-0.5 nug
% DNA FrBOMEMR, i T7 RNA RE
(HiScribe T7 High Yield RNA Synthesis Kit)if
TR S 5 4 pg sk WI7E 100 °C R4
B 30s, SREE T UK E . RNA 7E3T U] g
2% 0P (30 mmol/L Tris, 160 mmol/L NaCl,
0.1 mmol/L EDTA, 0.1 mmol/L DTT)H#5H, &
RN AAEFR R 20 pLo ZEBIN 0.7 pg GST-RNaseG/
GST-RNaseY [ ZHiMA 10 mmol/L MgCl,
(LR, JFAE 37 °C 2:MF FWFH 15 min, &M
6xRNA Loading Buffer (5 40 mmol/L EDTA)LL
LBV o fe S B AN TR) 9 S 0 T 6 40 3 )
Northern blotting F1 6% R 2 5 PN 45 Ik iz 45 Jixk
VKA
1.7 Northern blotting

B 5 ug R. cellulolyticum }. RNA 5%, 4 ug 1A
HNEY Y] I IR A A Ak 1% AR B
WEHL UK 43 M, SRS i NorthernMax i 7 £

(Life Technologies)#& H: E13E 4 1F Hi 107 119 )2 e
¥5(GE HealthCare) [ i & 2 SBR[ % . I
K bR 2= -dUTP BEPLE 14 DNA #5ic(Roche)
) 24 T HE1R) fofp M cipC 1) DNA #4t,
i 4% BB B A 2R EE XS RNA YY) a4 T
e

2 HREAM
210 FRLFUEFR B MRS PO )R R

Fou

LLE. coli AAURMH 2= [RIAEA T, F
LM IR P VT2 RNase E I RNase III
(K 1A). L B. subtilis AR A HE % [ A0
o, FE AL IR N VIR Z RNase Y . RNase 111
#1 RNase J (] 2A). 7EXT R. cellulolyticum F&[H 2
BLAST 437 J5 R IUZ A B R e AE 4 DX
B A% R PN D) B 3 R Cceel 0687, Ccel 1772,
Ccel 1319 I Ccel 0605 (& 2B), 4354wt 5
RNase III, RNase J. RNase G 1 RNase Y [A]{E
8 B 20 30 65% . 72% . 60%Fl
80%), UL 4 R rme. rnj. rng Fl rny.
2.2 EA rnc M ornj HIBEANRT

R T T BEREWSAE T cip-cel mRNA A2 B
RN UINE, FRATE 53T Clostron 1 H A4y
SIVRE T S 14 A SRR 4 A PR Y A4 R
(K 3A)FERL S5 A3 R. cellulolyticum H10 H1
T Clostron 7 H 9 5 [ B9 8 55 ab 4 A 2y
900 bp YN ¥, BIHFATE L PCR F3 5 %X
4 N IEAT T R IRTR . AR E, H
A rne M rnj 7 HEAL TR SCH PCR 7 B LY
IR PCR B2 iRy 900 bp Y sgBEA
1E, Ul B 7R X 2 v % H B9 2L H 4 A T Clostron
W& F(E 3B F1 C). KUtk , FATIIAEEE T rac
Flrnj AR A AR, 4r0lar 44 H10Arne
H10Arnj o 55— J71H, RAEGTRATRI A EE T 48 )
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(A) Endoribonuclease (B)
I . 1
Gram-positive bacteria Gram-negative bacteria Ccel 0686 Ccel 0687 Ccel 0688
(B. subtilis) (E. coli)
L A 1 I A 1
RNase Y RNase J RNase 111 RNase E Ceel 1771 Ceel 1772 Ceel 1773
ﬁ E
o o2 Ccel 1318 Ccel 1319 Ceel 1320
m i mg o>
Ceel 0605 Ceel 1772 Ccel 0687 Ceel 1319 500 bp
v , Ccel 0604  Ccel 0605  Ccel 0606

¥

R. cellulolyticum

2 R. cellulolyticum WIt%HE 1% 85 M) 7] g 2 & 7500
Figure 2 Prediction of endonuclease genes of R. cellulolyticum. A: bacterial endoribonucleases; B:
predicted R. cellulolyticum endoribonuclease genes.

(A) Introl insertion site
‘ Ruminiclostridium cellulolyticum H10
| | | ]
RNase I1/J/Y/G (Ccel_0687/1772/0605/1319)
1BS [l EBS universal  EBS2 EBS1d

\
i8S [ 8514

4

[ [T T T ] |
P (0.9 kb intron €&——

(B) ©
bp M WT |1 2 3 4 5 6

1611 bp
711 bp

3 ZPEER AYIEEAEY Clostron AR T
Figure 3 Clostron insertion mutation of endoribonuclease genes. A: schematic diagram of Clostron gene
knockout; B, C: screening of H10Arnc and H10Arnj mutants.

rng Fl rny B FORL, HR H R DItk Z M, 2.3 rnc 0 rnj RERRE S

{E T HIES] rng 1 rny BOAE AR, FK TE NG EE rne B rnj SRR JERE |, TR
fITHEM rny F1 rng AT HESE: R. cellulolyticum W)W X HIEBAE AT cip-cel mRNA #1477 T DIRELR:
e S WE o A B U S IR M EE LR, pMTCY-IR

<l actamicro@im.ac.cn, & 010-64807516
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(K 4A)F A R. cellulolyticum H10, H10Arnc #
H10Arnj. i1t Northern blotting Z3#1 & B, 4
i fofp REF o BT BFAE RIGERR Y pMTCO Al
pMTCY-IR F Ak FHEA TR, & 30548 A IR B,
AALAT AR E] fbfp-mcherry BN 15 5
A, FL A] ARSI 3 % A2 B9 U) S 1Y fbfp SR
SRR A s MASA IR BXTRE A, {SCH 0 2]
fbfp-mcherry XU Jz {55 f A (K] 4B). 1245
UL R. cellulolyticum & A REW BT Y] IR J751)
IR RN VI . 53— 71, FEXT H10Arnc
1 H10Arnj B pMTC9 Fl pMTCO-IR 4 1b T 17
TR, A BLEAT 250 25 3R 5 B A R — 3
(K1 4B). X VLR rnc A1 rnj FEREE, X IR
GIARAETTYIER, BITEZ R R X L4557 U1/E
HIRZ R AZ R N VA~ /& RNase 11T Fl RNase J.
2.4 RNase Y #1RNase G HI{R AT Fik 547
A1 e 1L Clostron £ R Xf RNase Y I
RNase G HJZatSIEH rny F1 rng $EATREER, I
HEM 7ny F1 rng PIHESZ R. cellulolyticum Wby Bk
R T T ENTDIRE , FATTHE R. cellulolyticum
1Py 2 i5 RNase Y 1 RNase G, B¢,
W5 E 41 STk pMTC6-rny Fl pMTC6-rng (I 5A)

(A)

Plhl
(B)
Control IR Control IR

AFA R. cellulolyticum H10, AR5 18 o #E 1)
cipC REF AT H A MR 1T Northern blotting
M. R EIN, kKK RNase G B, AU
A LIRS B cip C-celFF R - A9 s A, [R] i
WRERT I BN K AEBT YIS I cipC B0 Js %% 5%
A, B 5 E AR BT AR a2 — B, UL
RNase G 1 #iA X cip-cel mRNA B9 57V] JCHH i
oM o 1243 263Kk RNase Y B, cipC-celF Ui
ST cipC BRI~ 1 3 S AR 25t TP A AN
#|, 1B RNase Y BEWAE T cip-cel mRNA,
HI R IR T cip-cel mRNA A7 (F 5B).
2.5 RNase Y #1RNase G FIEHKRIES 4L

R T —EAERINEUIE RNase Y il RNase G
HINRE, FATRX 2 DR 5 ek R E A K
KB pGEX-6p-1 HillAT T id ik Malifb, i@
1 X E2H RNase Y/RNase G £ [ #5544
i, 4rAFE 0.5 mmol/L IPTG, 16 °C 55 8-12h
AT AR T Al iR s . IR GST-
Sepharose4B 3% FllJZ M43l % H R AT 44k (B 6A
M B), 5L HEL RNase Y H I F 8L
b 83 kDa, #HZH RNase G EHW AT EA N
80 kDa, H By&&4 MR /N5 FOlAH A

Control IR

— oy S T W-t—jb}fo-lR-mcherry

" g o

. b

H10 H10Arnc

El 4 HI10Arnc 0 H10Arnj REL DR

H10Arnj

Figure 4 Phenotype analysis of H10Arnc and H10Arnj. A: IR reporting system; B: northern blotting analysis.
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(A)

Promoter

Terminator

5 RNase AR RIERE S

B)kDa HIOWT RNaseY RNaseG

T 4
4

10—
a
5—

4—

-

- cipC-celF

- cipC

Figure 5 Phenotype analysis of RNase overexpressed in vivo. A: schematic diagram of RNase overexpressed in

vivo; B: northern blotting analysis.

6 12% SDS-PAGE S TEHERWFR LS4k

12% SDS-PAGE analysis of expression and purification of recombinant protein. A: expression
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Figure 7 Activity analysis of recombinant RNases in vitro. A: schematic diagram of transcription of
Jbfp-IR-mcherry RNA in vitro; B: analysis of transcribed mRNA with different concentrations by
formaldehyde denaturing gel electrophoresis; C: northern blotting analysis of cleavage activity of RNase G
on fbfp-IR-mcherry RNA; D: northern blotting analysis of cleavage activity of RNase Y on fbfp-IR-mcherry
RNA; E: the effect of RNase Y on fbfp-IR-mcherry DNA; F: effect of Mg on the activity of RNase Y.
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