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Abstract: Ribonucleic acid exonuclease R (RNase R) can degrade almost all the linear RNA molecules and Y-structured RNAs, but does
not readily degrade circRNAs, lariat RNAs and double-stranded RNA molecules with less than 7 nucleosides Therefore, intron cDNA library
can be constructed for the intron splicing variable research. In this study, a recombinant expression plasmid pET-22b(+) -rnr containing RNR
gene was constructed. The expression product was purified and analyzed by SDS-PAGE while the enzyme activity was also determined to
confirm that the rnr gene has been expressed in E. coli. Then, four molecular chaperone co-expression systems (pGro7, pKJE7, pTfl6 and
pG-Tf2) were constructed. The four molecular chaperone plasmids were co-expressed respectively with the recombinant expression plasmid
pET-22b(+)-rnr. The optimal molecular chaperone plasmid was screened and the co-expression conditions were optimized to improve the
soluble expression of the target protein. The results showed that the molecular chaperone plasmid pGro7 was the most effective and could
increase the expression of protein by 43.80%, with the soluble expression of the target protein reaching the highest at an inducing temperature of
20 ‘C. When the concentration of L-arabinose was 0.50 mg/mL, the molecular chaperone plasmid pGro7 increased the expression of protein by
54.50%. The soluble expression of RNase R could be improved by using the molecular chaperone co-expression system and optimizing the
expression conditions, which laid a foundation for further study of RNase R.
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A 5T R H R #% 3R 35 R 4t Escherichia coli
BL21(DE3) % pET-22b(+)i4T RNase R [ 3Kk,
FIFSERENT Al T EA D, FE e RS DAL
WEZRIE B ST N T R E A& A IR e /L,
AW SR TaKaRa 2 7 15 F4E4E pGro7. pKIET.
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A HFERRE E.coli HB101 HEH GDMCC
GIM1.560.

sLEfE F# E.coli ToplO. #Fikfg L E.coli
BL21(DE3). #Fi&# 4k pET-22b(+)F1 pKIE7. pGro7.
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(Amp). HER(Cm). WUHAER, HWETEY TR
B F] Hoaw AR A at.

Buffer AZEH: 0.50 mol/LEALN, 20 mmol/L
Tris-HCI, pH 8;

Buffer BZM#: 0.50 mol/LEAL4N, 20 mmol/L
Tris-HCI, 0.30 mol/LBKM, pH 8;

LBE;FREE (gL : 5 glf#BEky, 10 g8AMk, 10g
NaCl.
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1%, #5[EEppendorf/Aw]; HisTrapTM FF crudeTiiZEsE,
EEEHBESAA.
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FERALMALE A DD T4 DNA R, 16 Cidsd
o VEFEFIEAL E. coli Topl0 B4, &%
B F P TR I BE P T pE o
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PRI VR AT 74 PCR, TR Lk % e BH PE#E
. ZIBRER T ER R, Rk, AR5
#47T BamH 1 A1 Xho I XUBEISHIE, I HoAG Hak Bl
TAW TR PR =T 44 %5 58 I SR N E.coli
BL21(DE3)&Z2a8 40, 7R FH &Rtk b8k
R VR IR, SRUT R O] % e, B I0E IR
(R B F-80 “CH- IS 8 -

122 B&&aehkik. 4R SDS-PAGE 4
i

PREGE AL E 20 K74 B BL21(DE3)/pET22b(+)-
mr BT 10 mL & 100 mg/L A % HH R0 LB
R FRFEG, 37 °C, 200 r/min, }53F 12~16 ho Kt
LTI R EE 1:100 FEF 428 100 mL ¥ LB )
EFRIE (5 50 pg/mL Z R EHF) 1, 37°C, 200
t/min 557% 4 ODgo 214 0.60~0.80. A 1 mol/L IPTG
YA 0.80 mmol/L, 20 C, 250 r/min 514 T
SH:3: 3 he

B KB 5000 r/min B0 15 min, [ EiEE,
FA 2N KCB T AR B S NN Buffer A Z5HiaF
YR FEDKHT AT I FH R P U 2 B AT LA B 2H K
JRT AT, MR SRE: 6 mm ABMREAT, 60 min,
50 mL PRAREIFEIR . XTHERE G (BRI T VA R B 0
4bFE, 10000 r/min, 4 °C, 60 min, Z}E FISATE,
4CIRAIFH

FIF Ni SEARUZHTI 712, 5 FACER 5 I B AR
EERATAIL . 22350 Ni KE (His Tag"V'FF), 435I
4 REFERFRIFEE 4K . Buffer By Buffer A [ E R FE4
F, SRJE DMEE 3 mL/min FI9EE_LAE, 55 L— ek
JFE T Buffer B (HUSEEG s ELBIRGRE, A e e AR T
¥ B R B IRIER, 0 5 AR BB 4K

20% LEHERBIELT, KRS, #FHTHET
4 CUKFATRAT . Ni FEAIAL S IR S b B A BRIk FE Y
WRIEEE B, X Tl o (1) 7 B A A — 5 BRI RS,
AT AL JERE AT B ER AL EE, I Sephadex G-200
Gy TR AT IR A g AT I 3R I T DLk B —
A EE P E T,

HCHBGR . Ni AR SRR S R0 E AT Sl AT
SDS-PAGE 73#ft, i HAlfE.
123 T eERE ZAhE

8 pKIE7. pGro7. pTfl6. pG-Tf2 PUFh/>T-LEAE
JRRL(ER 1) BIFEAL BT % E. coli BL21(DE3)&3Z
AAH, 20 mg/L FWE R PR ImER ke, K5
B TAB ORI R TREE . A8 A R i &%
AN, 2 JE K EAFRL pET22b(+)-rnr 554087
Hl & A2 400, FHEH 20 mgL SEZFM 100
mg/L 2R 52 1) LB “PHRURE M ve e, SRAZ R
B pET22b(H)-rr A5 FAEAB ORI FI3E R T2 . ¥
REBREMAFRL pET22b(+)-rnr [HZIEFERRE A AT
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124 B#&E4a %5 4k%L SDS-PAGE %k
DT

P W 3 2 05 B Ak 11 BH MR B Ak B2 A T 100
mg/L B RHE R M 20 mg/L AFHEZEM 10 mL LB 5537
Ferdr, 37 °C. 200 v/min WRIEFRG, HRT iR
FRHEA, FFRT ODgoo 214 0.60~0.80 EFHIA 0.80
mmol/L IPTG H1 10 pg/L [#PYPAZEL 1 mg/mL [#] L-Fi
PAAKE LG 50 FAEHE A B(pG-TR2 UK ERIF S,
pKIE7. pGro7 Fl pTfl6 Al L-B[Hi{HHEES), 30 Cif
S 3h, KEAK 5000 t/min 250 5 min, 3 EiF.
P ib B K SDS-PAGE 7 irZ i 77 “1.2.27,

* 1 RIEHER DT HBER

Table 1 Expression vector and molecular chaperone plasmid

ks SFHEms BT 54 FATIL
pET22b(+)-rnr T7 IPTG AFHEEE
pKJE7 dnaK-dnaJ-grpE araB L-[T 451848 AEE
pGro7 groES-groEL araB L-FT 35104 AEE
pTfl6 tig araB L-FT 431048 AEE
pG-Tf2 groES-groEL-tig Pztl Wik AEE

125 RERAZGHREFTFEMF

ZRI7IE“1.2.27, FHAEILRIA RS IR I
0.50 mg/mL ] L-BHifa8%, 73Al7E 164 20, 25, 30
A1 37 ‘CEEFEI 4 h, 5000 r/min 250> 5 min WHELSE
B,  ER T UKTIA ARG MUK AR 7 e
12000 r/min B0 3 min 7} &5 EIGFIPIGE, SDS-PAGE
SIMT LT

TEFLRIA RS FHRRUGRT, 25N 0.25. 0.50+
0.75. 1 mg/mL [ L-BRifebE, IIANZIRE N 0.80
mmol/L ] IPTG, 20 °C. 200 r/min 5 5#iA 4 h, 5000
r/min B0 5 min WEERER, B TUK AR,
SDS-PAGE 7 fr Al Vi I i o
1.2.6 B/&E iR ARG R ZNE

RNase R BSHINE DAPEHUEE B A RNA )
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Y, RNase R FIAAL RIS AZ EIR, A A% 33— IR B AL R B PCR 3845 R~ & 1 B
TFRRTERER: VKIS AR« BEREAHE RNA 192 e MEIFFRTEAE H rnr [BISORE St 15 2% 5 B — HLW 5,
4% I RNA SRBGAA S T e . [BiAR RN AP R LUl HIMEER e KT 3000 bp
10xRNaseR Reaction Buffer(GESENEED A #])2 ulL. H12000 bp 2 [8], STIALR 2500 bp FHAF
#2H RNase R 1 pL. Total RNA 10 uL, DEPC 7Kfk & 1234 5M
20 uL, 37 ‘CH#%H 10 min, 85 ‘C/K¥A 3 min {HfE K,
FHEEYIAT RNA AR PEBER vk, IR F R
FETE Image J _FAGHE,

28 Bradford!" 7 34T 8 IR DI 5E o

N FH A Image T 4041 SDS-PAGE K i 8
FI S AT A FER R, WE &vkiE B SR E RIS
BFKPEEAE, THE AR S S S E AR

2 HZRGOH

5000 bp
3000 bp

& 2 % PCR 45
Fig.2 Colony PCR results
1234 5M

2.1 E 45k pET-22b(+)-rnr #y ## B % %

3000 bp
2000 bp

C 12000 bp

& 3 WBGYIEELS

E 1 EHEPCLEELHER Fig.3 Identification of enzyme digestion
Fig.1 Identification of gene by PCR J£: M: DL5000 DNA Maker; 1~5: #4t-F-Ar _ERFE) 44 3%
LA E.coli HB101 FEIZHAE it , 83t PCR 974 .

Escherichia coli str.K-12 substr MG1655 chromosome,complete genome
Sequence ID:CP032667.1 Length:4639694 Number of Matches: 1

Range 1:4114083 to 4116526 GenBank Graphics

Score Expect Identities Gaps Strand
4514 bits(2444) 0.0 2444/2444(100%) 0/2444(0%) Plus / Minus
Query 20 T T T, 7
Sbjct 4116526 AGATGTCACAAGATCC GAARAATACGCGAATCCCATECCTA 4116467
Query 80 CGGGAATTTATCC GAAAAACT AGCCGTGATGAGC 139
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 4116466 ATCCTEGAACA GAARARCC 4116407
A
Sbjct 4116406 4116347
Qu.ery 200 IIIIIIIIIIIIIIIIIIIIIIIIIIIIITlll-EI:‘,IU:ITI'TGIﬁ(I}TIEIICIﬂI‘GIC[IIIIIIIIIIIII 259
Sbjct 4116346 GCGCGATGGAGCGCGATGGTCAACTGGTCTTCACTCGTCGTCAGTGCTATGEGCTGCCGE 4116287
Query 260 319
Shict 4116286IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 4116227
Query 320 ATGATTTGTATCTCTCCAGCGAGC AGATGAAAACT 379
Shict 4116226”””””””””|Ié,l-}%-}é-}l-}.:lllé-}clcliééélglél””“”””l”” 4116167
Query 380 439
Sbict 4116166IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 4116107
Query 440 GTATTGTCCGCGTAL CAAARACE, 499
Sbjct 4116106II‘,It_l[_rl([’_II_CICI(I;CICI'TIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 4116047
Query 500 CTGAGCTTCGATATCTTAATCCCGE 550
Shict 4116046 Clgl(l;([ﬂlllIIIIIIIIIIIIIIIIIIIIIIIIIIIII_}éléé“é(l}“gé%%ﬂj[éééll 4115987

& 4 MFERSEsT
Fig.4 Sequencing results and comparison
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BamH [ #1 Xho I 435X 2 A rr F1J5 KL
pET-22b(H) AT X Y], 2tk J5HH T4 DNA
TEERATIERE, R YAK E.coli TOP10 J&3Z24
4pf, R LBA PR THUMETRIE, B PCR %%
PHIEEAL T BVE PCR %4 Bl 2 fis. MEF
ALAVEH, 5 1. 24 3 3R A BRI AT 3000
bp 1 2000 bp Z[H], STRHEALE RATF, B0 H
pET-22b(+)% RL R AL T A R ) o

V& PCR %IRRT, KHEEZE LBA
WAREEFRIE PR TR, DR PP SR A EE 2 R4 T X
MU % e, a5 3 Fs. WETFEEE Héi's 1. 2.
3.5 FTRME, B DI 2671 KNI 5500 bp 1 2500 bp,
FFETURHEE R, AT AT HI WA 2 A TR ) o

W' 1. 24 3. SRR, %% R TAY T
A RAREATING, WPasRS HEEER mr et
SR 4 Pros, AT ESL pET-22b(+)-rnr 44
R

22 HWEZRAWERRA KA

ZHRTTVE “1.2.27 SAZNEAL IR G B 4H kAT A 1%
e o# A BL21(DE3)/pET22b(+) 55 BL21(DE3)/
pET-22b(+)-rnr K BAK B0 5 IR A4, Bid% SDS-PAGE
Y8, 4iRwE 5 s, ATEUEH BL21 (DE3)/pET-
22b(H)-rr 7E 100 ku Ab B 7R R S, T
BL21(DE3)/pET22b(+H)HTult 27, LAz, R —3,
BPA)20 1 BH E 2H R R IA HH RNase R

BB RAE 10000 t/min, 4 ‘C460F R B0 60
min, FUSEERO B, EISORIA AKTA E 4l
th R G T4k, Hod 80% Buffer B (BKMEIK A 240
mmol/L) 2544 N B Mt SR NBERA o 43 il 5 REBERA
Ni FESEAbFER 7 FIfALBL S 5 3E4T SDS-PAGE
EE KT, WE B REAmaEE, S8 mE 6
7, S HT AT 1 SDS-PAGE HEIK i K 100 ku b —H
iy, HIGHEARHT, AbCREBr . fa skl
BN AAL S IR B AEEIA R 95%LA .

E 5 EAKESER
Fig.5 Protein identification results

3 2 1 M
—100 ku
- Wy
- w
i -
-
-

%] 6 E%H RNase R ZEANELEILERAY SDS-PAGE [£]
Fig.6 SDS-PAGE pattern of RNase R samples from different
steps of purification
J£: M: protein maker; 1: #ABg/R; 2: NiAfFABAT;
3: Sephadex G-200 2o~F i EA7.

23 FERAWHME

a3l N DA FREAB IR E.coli BL21(DE3)
ZHTETAR IR, PRI B R R R BT R T 50
Wk, HUKES RwE 7 Fros, Bl pGro7. pKIET. pTfl6.
pG-TR2 K/NFETH, REH 4 o TR CENRIA
IR

M1 2 3 4

&7 BIEESER
Fig.7 Identification of enzyme digestion
7£: M: DL10000 DNA Maker; 1’~4’%-%|4 pGro7. pKJE7.
pTfl6. pG-Tf2.

24 RTHESEMEEERE

3K 4 BB R R IA S S RIE B
HH, BAREHEHLWE 8 iR, pET-22b(+)-rr 5 4
FhorFHABURILRIARS, HRE A EERe =
HIIAFEFE . 8% AF Image ] ZKEFHE, E.coli
BL21(DE3)/pET-22b(-)-rnr FEARIARS, HIEALE
EPIE BN 16%, 5 pGro7.pKIET . pTf16.pG-T2
AR BURL A BRI fS, P EE A E SN
23%. 21%- 16%F1 16%. HH5 pGro7 43 FHHABNR
FitFRIA G B E AR A E R s 2,
Pem T 43.8%.
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E 8 HFHaHEFRERGHENERRIAKTE
Fig.8 Expression of target protein in molecular chaperone
co-expression system
JE: 00 Aa-TH48; 1~4: 9% pGro7. pKIE7. pTfl6.
pG-Tf2.

2.5 EEvEMEARN

PRELEEBE B GS115 BB VR AT R RS 7%,
20~24 h JEHGH A WS OH IR, IR &
Vi I HEEL RNA, #4510 RNase R 1 5 RifA 248 B 1H:06F
fE4H, 1 RNase R (GESENEED A#]) [ ik R24E
FHEXTHEZE, AUINAAR SIS FIA S0 RNase R 1/
MR, BT RNA FERMRR K, 58T
9 fizr, P9 AT LUE B M R C R AR 1k,
HH7E RNase R SREIIIBIL T, RN R I E RS A
HA A RNA IRE ). MiEkiE 1 RoRseiR i RNA
SEAPEME, KB RNA F#/E RNase R /EF USSR .
X EERH X BRZH RN S a0 2, TEMR OB 26 PE T RNA
oRYITERE, RIAAIEFRIEH] %1 RNase R BT
P SO p i o

&9 RNA JETEIHERACFR I
Fig.9 RNA non-deformed gel electrophoresis
JE: 1 SRER4E, 2: FAMEATRR4E, 3 DAMATRRE, 4:
RNA.,

26 EEFFXRGNEREFTFIEE

WE 10 A, DA AR TR R AR E XS
M8, HIFEAE 37 C. 30 'C. 25 ‘C. 20 C. 16 C
SENANRE X A R AR T KR IR, S RIAi
RNase R, H Bradford yE£MI 45, HA RNase R 5

7/

98

SRR pGro7 FLERIART, 2k ARIA E I IR &
YRR E RN 20 CHEAREEREIE 0.08
mg/mL, TMAEBRER S (37 C. 30 C) K
(16 C) i}, EEFREEA L, BIBaE RN
20 C.
0.10

—37
5530
©2z3125
=320
=316

0.08

0.06

0.04

AAAARARRNRRNRNRRNNE

0.02

protein concentration / (mg/mL)

L

1
E 10 T EIRE THFREZREGHENEAFRIEKTE
Fig.10 The expression level of target protein in co-expression

0.00

system at different temperatures
JE: 0: TR, 1~4: 49HMKE pGro7. pKIE7. pTfl6.
pG-TR2 & X A %,

2.7 L-FT3wfa AR B3t 3t ik o % v

0.10 - 0.25 mg/mL

E430.5 mg/mL
0.75 mg/mL
0.08 - %
0.06 -

%—I— 1 mg/mL

3

0.04 -

(T B

TR i

0.02 +

protein concentration / (mg/mL)

T T e

TR RRRR

0.00

<o WIITTATTTT T

—
NS}

4
E 11 AEIRE L-FRMadER i R h BNERRIAKTE
Fig.11 The expression level of target protein in co-expression
system of L-arabinose at different concentrations
7 1~4: 5 34K%& pGro7. pKIE7. pTfl6. pG-Tf2 &
FERBES R I FR B LB AF bl k47
STAERRIE R, HZIRE A8 0.25, 0.50,
0.75. 1 mg/mL, Z5RWE 11 FroR, L-Blhi AR
M RNase R 8 2 L-FTRi{FHE N 0.50 mg/mL
i, 50 FAARBUR pGro7 LRI, EHRIEERK
i ) 0.08 mg/mL; 2 L-Fl A HIAR ZIAE] 1 mg/mL
i, 50548 pGro7 LRIA MK A RIS ERAK
W4 0.05 mg/mL. RNase R FiATTE L-FilRi{fpiik i
7490.50 mg/mL NIEFIER, BB - freE
W9 0.50 mg/mL. L-FhiFisik FE B mis AH - H
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W A B RATERIE, FRERIRE 2 BB THR I
MRS, MR IIER, AFT HREARE
%o

3 ZHig

3.1 ¥ RNA HCREZ 207 EM, £ RNA
WEFTAIERAE miRNA J5 X —K#i. [FlIk RNase R i
SRS T AEAFIRAT TE . AW FUdE =
FIK T Escherichia coli BL21(DE3)33 1 A 4MIIlgE
PEMf) RNase R, FHZR T EO4AMLI SR AT
FR TS F RIS = AR R AL AR, ANBFFLEIN T 4
THARILRIE RS, KA T 4 F T AR (pGro7
pKIE7. pG-Tf2 Hl pTf16)53- 55 pET-22b(+)-rnr 47
KiK. SDS-PAGE & R ier, ARS8
AR s B 0 A nVE RIS M RR R BT AN R
Hrf, pGro7 /PRI HZRIASG, RNase R fA]
HERE B E RN S . Bk pGro7 Fik i 11
{B4HE& GroEL-GroES TERMMH R _RAMAE, H
ATP WhEFE B AR IERYT 2, (R3EE ATt
Fok AH pTI16 TR FIA H I tig A 5 A RE
& X ULHEER > AR A AT RERTRE E I — 2R
FRfE . Teter S A 2B TR tig 215 9 %
SEATI AR, ReRIEFARER RS R AR B A
HAER, FrLl groEL-groES {23k 415 [ RNase R
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