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Construction of eukaryotic expression plasmids for Alu RNA and its mutants and the

effect on ROS production in A549 cells
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[Abstract] Objective: To identify Alu RNA expressed in oxidative - stressed A549 cells and to construct eukaryotic expression
plasmids for Alu RNA and its two kinds of loss - of - function mutants so as to study the effect on oxidative stress in cells with
overexpression of Alu RNA and its mutants. Methods: Alu RNA was amplified with RT-PCR from H:0, treated A549 cells. pcDNA3.0-
Alu(pAlu) , pcDNA3.0-Alu-left arm (pAlu-LA)and pcDNA3.0-Alu G25C (pAlu-M)were constructed by directional cloning and point
mutation. After recombinant transfection, reactive oxygen species (ROS) produced in transfected A549 cells was detected by DCFH-
DA. Results: Alu fragment was successfully amplified from stressed A549 cells. Restriction analysis and DNA sequencing proved that
recombinant eukaryotic expression plasmids of pAlu, pAlu-LA and pAlu-M were constructed as expected. pAlu or pAlu-LA
transfection promoted ROS production significantly in A549 cells, while pAlu-M transfection induced ROS production was markedly
decreased as compared with pAlu transfection. Conclusion: The eukaryotic expression plasmids for Alu RNA and its loss-of-function
mutants were successfully constructed from oxidative - stressed A549 cells. Data in vitro suggested that Alu RNA promoted ROS
production in A549 cells with translational regulation.
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Alu RNA 2 —Fp SIS RNA, Aluoide A2k
LR 4 DNA | 55 B 7E J6 /4 (short interspersed ele-
ment, SINE) ZZ 5 1 01, 48 DUEL G 45 4> BE K 2H DNA
29 10% , PR35 B A7 Bl 1 9 DD 8 Al (9 850467
JEMA54% 5 Alu RNA J& Alu JCPF RO SEAS , g 4
PRI IR AN 58 4 ELAMAC T 1) K e R 2 A7 2 A
Alu RNA Z245 2 A8 4300 LA 15 5 U R9URE (signal
recognition particle, SRP) 4545 1 RNA R A1 11 455
HITIRE BT R IR AE R 55 25 L BRRE A %4 & 1
(IR s AN A5, G25C 2878 4 W & 52 1) Alu RNA
5 SRP (254, AT 52 M #0835 R 9 801255 Alu RNA
A8 A RNA R 12550780, Alu RNA 7] 58
A 5 RNA AT 158 4 P45 5 1T K 4555 5% R
FETIRE™

VAR Z IR 5T 2 W, Alu RNA 5 4E y—FhE
St RNA 7E Z PP vh R 63k, L4  ies |
IRTT M AR S, FRATHTANFIY & 2K Alu RNA 7E )2
A0 A S A L P R R I L T RE S 5 4 Ak
L I R P A R (E R ML v o B A iy T
T 7 A0 R 3 Y B R — , Bl - R 4
F14) B IO R 9 i 2 e S 4 368 325 1 484 o, DT 5
AL 22 I I T 5 , N 2 A4 477 (acute lung inju-
vy ) St e DA FE B SEU AR L RN 98 M0 05 M R AIE A DL
TGN o ASBFFE LN HLO, I 38 il 3, 1T 78| iz 44
Jit 5 AS49 i b 5[ Alu RNA 3 i FIEE Alu RNA
T2 EAZ R FORL (pAlu) S Alu ZE8 G25C 55 28748
R (pAlu-M) | Alu A7 H1 e 28 A8 1R (pAlu-LA) , F1| H
PR 1 7 B UREE Alu RNA XoF 44 Ff 4801 107 38 14 5%
i), A48 7 Alu RNA 72t TS 1 e 20 o 8 4 4
ARSI 2T AL B4 LA

1 #RFTTE

1.1 A

E.coli DH5a/E 32 254/l (TaKaRa 2 7], HAS) 5
iyt 10291 Kz 2 6 32 AS49 2 (rh B Rz B LR
R EBE ML) . pMD-18T £ 4Lk (TaKaRa
N FEl, HA) 5 peDNA3.0 (Invitrogen 23 A, 32 [H )
RNAiso Plus, cDNA 5 5 il & | BR 61 4 4 ) i
Hind Il F1 EcoR 1 (TaKaRa 2\ &), H A ) ; PCR mas-
ter mix T4 DNA %4 g (J0 50 FE A th 20 4= U R A
FRZS ] ) s DNA BB IR & L Bokz £ Bt ) &
(R TAEY) TARR B A PR A R 5 R A8 R &
Fast Mutagenesis Kit (75 50 15 MEHE A= W) B A BR 2
Al SIE R AL R A YRR FR A

A SE . M ES 3% RPMI1640 15 95 3% i 4 I 7
(Gibco 5 7, F[H ) 5 Lipofectamine 3000 % 4357 &
(Invitrogen 23 F] , &8 ) ; 1 Pk % 7% (reactive oxygen
species , ROS) ¢ S A il X551 £ DCFH-DA (1338
“RAEYEARAIRAT)
12 F#k
1.2.1 3BHRmaM s Alud) i 3 fe 20

R 2 0.5 mmol/L H,0, ) RPMI1640 £ 57 F Ak
B AS49 4 4 b, ff HK B A AN IR ES ; W A i
IR B RNA, AL Alu RNA 5 51 938 1 RT-
PCR " 34 % 1L W B4 Y A549 40 il FP % Alu RNA, 5]
YIF5 M F: 5 -GGCCGGGCGCGGTGGCTCACG-3' ;
R:5'-TTTTTGAGACGGAGTTTCGCPCR-3', PCR %
NEAAT M 94 CTRASYE S min; 94 CAEE 30 s, 58 °C
Bk 30s,72 CLEH 1 min, 2 30 PMEER ;72 CHE
i 10 min, PCR P ¥I{- 47T 4 C. 4 PCR = Hy il 17
1% BN s Lk, FH DNA BRI [mT G5 5 [Tl
H B4, I U] 5 pMD- 18T 2k 4% 42230k
1T TA SERE Ak DHSoUBAZ S AN M . PRI v ped
KIGFR I F BURL P O & P HUE R A T 44411
Bk KA B B R BE T2 FURL  peDNA3.0 25
BN Hind 1 EcoR T XUEEYD B¢ [ H 0 F B
peDNA3.0 4% EE /K [ 3~10: 1 F T4 DNA 35 16 °C
HEREI T, Z R AL DHS B 2520 i . PR HR B0 T e
FVEY REE SRR BUTORL . A8 3 52 B 1) 5K peD-
NA3.0-Alu (pAlu) JH| Hind II . EcoR T XU % 5E IF
HEAT DNA PS5 o
122 AluBH 8k R EAR(pAlu-LA) 4y T4

DIAS s B () pAlu MASEAR , TR 5 | 8 3
Alu RNA 25, 519 )75 4 F: 5" -TCACGCCTCTA-
ATCCCAGCACTTTGGAAAGCC-3";R:5'-TGGGAT-
TAGAGGCGTGAGCCAC CGCGCCCGGC-3', PCR
WA 1o H% PCR“ I 1% B AR HEE I F vk o
BRI, 2 Rk R R R = R AT TA TEk,
WA H B R B B T E A Hind T EcoR T X
Y1, 78V 07N BES peDNA3.0 #4425 #4546 DHS«
EZ AN B REE SR FEBUTUR peDNA3.0-Alu-left
arm(pAlu-LA) o XA EE5E LY BTk pAlu-LA H Hind
Il EcoR T AUFIISEE ST DNA P E
1.2.3  Alu 2% G25C 5 & TR (pAlu-M) Z LA/ 42
M

DIA B ) pAlu W EAR , >R L 5848 1200 &
FH R 2 AR 1. B I 4 S 5 | ) AR Fast Mutagene-
sis Kit Ui 74T pAlu G25C S48, I FEH) K
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F:5'-GGCCGGGCGCGGTGGCTCACG-3" 5 R: 5" -AT-
TTTTAGTAGAGACAGGGTTTCAC-3", ¥ [ 1% 7= ¥y
He Ak DHS o Jk 37 25 41 ifL L Bk AR v B R % 77 -
PEHUTORE o W 44 2 5 B Y H5 41 57 peDNA3.0-Alu
G25C (pAlu-M)HEAT XL 8] DNA PP %55

1.2.4  AS549 2m 03z Ik B 56

& 10% i 4 L35 19 RPMI1640 T 37 °C 5%
COKTF% AS49 4N . AL T B /N A
JEET 24 FLAR T KA Y 20 BTk pAlu .pAlu-
LA .pAlu-M 735! ] Lipofectamine3000 5% 4% A549 4iififd
24 h, LY TR pe DNA3.01E 4 Mock ZH XA
1.2.5 S8 Z F PCRAAM 4 20 %

Y0 0T 6 FLA , H Lipofectamine3000 Ff4K
WECHC DR B 3 2 23 JFORE pe DN AB.0 4 A 549 4 i 1 S %ot
HE2H (Mock 41) , 55 4% pAlu . pAlu-M , pAlu-LA /A 52
B2, F Alu RNA 334 5| 9Kl Mock 21 pAlu % 44
H A pAlu-M 41, ] pAlu-LA 3”35 [ 97K pAlu-1LA
Hye s |, K B8 H A TaKaRa 23 A One Step SYBR
PrimeScript RT-PCR Kit B B #7520 52 i PCR.
1.2.6  DCFH-DA &4+ 4] 48 i, ROS 7K -

F2 18 1: 1 000 H TG ifin 3 15 57 W W5 B DCFH-DA
fifi 9 B 4 10 pumol/LL, 25 B 40 i 8% 3% 3, T A
0.25 mL i Bl DCFH-DA 37 CH¥ 5 20 min, FHJG
LY 20 L5 SR R A 3 YR e 70 B AR A 2
() DCFH-DA , %6 i e WA BRI F R R Al ST,
I LI T TR AR A B AL AR
13 “%it¥rix

K HI STATA MP 14 3 14 i 47 2048 43 B Fn AR
K, Z4H a5 3R H One-way ANOVA, £ 1
R Tukey ¥, P<0.05 HERASGITHFE X,

A

bp  DL2000

Control H.0,

2 000

2 # R

2.1 Zmie i Alu RNA B #9 7 B9 3%

K 0.5 mmol/L H,O,ZbF# A549 21 il 4 h 1E 2
L P SRS TR | 3R Ao S 2 S AL 7 R 200 LS RNA
K HI Alu RNA R 5055 | Wil ik PCR Y38 H Y A B,
T H A F B 289 bpo 28t 1935 IR WHEE IR e,
Tk, RIRAE 2 300 bp Ab A — 54 S A (BT 1A)
AR TN
22 A A pAlu My

pcDNA3.0 H A% R IB Bk 4> T 2974 5.4 kb, Alu
H Y R Bt 29300 bpo 4% BESZEE 5 0B 47 12 7] i fE
Alu H 9 F Bl A\ AR BORL A8 £ (K15 4n 5] 1B
Fios o 5 7a B e BEHUA 2 47 pAlu UKL (pAlu#l | pA-
1u#2) #E 4T Hind LA EcoR T WUEEY) | 1955 N5 B EE i
HLUK , & IRAE 300 bp A0V R RESPE AT, Ani&l 1C
R385 pAlu JFORZUEAT DNA I3, 100 e 435 SR A T
1 Alu 73 F 751
2.3 Alu RNA &4 8k R TR B &9 7 By 38

DL SRR RN pAlu J9AAR , 385 PCR 4
Alu RNA 728 B, B8 B 09 Bk 127 bp, 285
1% 35 R W R I L Uk ¢ BILAE 24 100 bp 40 H B4R S
Zts (B12A) RGN
24 AMAE A pAlu-LA #3&

H 1348 100 bp 2247 454 VI 44k, Hind 11 1
EcoR 1 XY, 524K pcDNA3.0 #4758 [7] 7o B T
I pAlu-LA , 32505 H Hind T H EcoR 1T RG] %858
FEHEAT 19T B8 BEEE I FL UK , & IRAE 100 bp Ab A7 9%
IIT A0 S 1k 4571 (181 2B) 5 #1240 JkE DNA 1l 4%
BTG T

C
Alu RNA Fragment(-300 bp) pAlu
DL5000  #1 #2

1 000
750

500

250

100

A:Alu RNA H 9 FBEY 18 5 B B ZIK TR pAlu B A ; € pAlu UG E) %7
El1 Alu RNA E#% KL R pAlu I EE

Figure 1 Construction of eukaryotic expression plasmid pAlu for Alu RNA
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A Alu-LA B

bp DL5000 fragment bp DL5000 Alu-LA

5000 —]
3000 — 5000
2 000 — 3 000
1500 — 2 000
1000 — 1 500
750 — 1 000
500 — 750
500
250 250
100 —] 100bp 100

Az Alu RNAZE J By 3 5 B FUBRIKBORE pAlu-LA XIS o
B2 Alu RNA ZZT4E pAlu-LA ERIXRAHE
Figure 2 Construction of eukaryotic expression plasmid

of pAlu-LA

2.5 AAZERE R pAlu-M M

FIFH 25 2 AR G LIRS S B ) p Alu S ASEAR
X A 25 (BT G25C A 5878 R B EE 20
JECREHEAT DNA I 5 , 25 58 /R 86 25 7 G FAm L
AR R C, JR 0 DNA JP F R 3 iz, 25 545 4 1
191, pAlu-M SRR T
2.6 pAluZ i R TIRLG A549 406+ ROS &9 = &

ROS 19 77 A 5 20 B 504k 7 3% 1Y) 7K OF 52 1 A
Ko ARSI F) H Lipofectamine3000 5 44 £ /% ) Y
pAlu K H 58 A5 1A H 21 R 437l % Y A549 2 it , If:
% 4% pcDNA3.0 25 g AE g 4 BE, AT SE 58 £ PCR
il Alu RNA 235, AT S B2 Qe il %2 . 45 3 an &l
4A BTN, L 5 Alu RNA J H 98 s (A e 3k I 35 1
fne FHROS B SRR ET DCFH-DA #6 I %% Ue J5 240 fifd
W ROS F=AE 197K, 1 FHZEOE i B T Bt

B Mock

pAlu-M

c 6 € C c A T C € C A 6

E3 JiFF LT pAlu-M I G25C ST

Figure 3 Identification of G25C point mutation in pAlu-M
by DNA sequencing

B i (R 4 R 5 o 20 IR L ], 45 SR n 5] 4B L C
RN, 555 R4 (Mock 2H ) AH LG , pAlu % G i 2 g i
T Y ROS B /=4 5 5 pAlu FE YA EL , pAlu-M %%
L B AT = A ROS W 2 FEAIG, 1M pAlu-LA % 4L X}
YL rH ROS 77 A K52 AN 8 3 245 SR 427 Alu
RNA W] fig 32 2438 i 228 5 SRP 25 5 76 B iK1
FEAI P ROS 7= A B T , IR HE A A0 I

3 it i

Alu RNA J2& R R A WK BE R 4i i RNA 4K
W53, LR Alu oo 4 H i3 DA 4 B 7SL RNA
SER AR ; BARTVF 2T iRIE T Alu RNA 7655
PR K REUWILA I Alu RNA Rk 3R
— M ERAE T, SR H AT OCT Alu RNA Jg 2R AE 21
£ I RE B A S BF 9 B AR B = %, BFSE K R Alu
RNA K BRI e 40 M S A0 3 S0 , 2
WS R IER M AIMATE AL AR PR TRk R
TiEf55 , $878 Alu RNA 35 1] B8 -5 4040 W R 58 E
ECERTIE S SR | RN o it DR AR Y

pAlu
C
807 ®
L *
. 60 —
S
T 40-
z “
= 204 ﬂ
LIS N
O N\ 2 5
XS Q?* 330 Q“/\
A N

A+ qPCR %7 A549 210 Alu RNA B 5B fHE YL 3 B . Alu RNA B HZ AR REE YL UM ROS 7742 5 C 2 720 S G 4% TR (14 S 6 2
W BEOERRIC I ASA9 AAEAY L. 5 Mock 2H HLAE, P < 0.05; 55 pAlu#H b 48, P < 0.05,
E4 Alu RNA R ERITEI AS49 40 ROS F=E AR
Figure 4 Regulation of ROS production in A549 cells by Alu RNA and its mutants
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4477 2 22 Tl I W2 T 9 9 1 B0 43 F HIL R, A Alu
RNA EA% 3R 38 TR AR SMIFFE Alu RNA 23k % 5
I o F HLI 52 e, A7 B T8 7R Alu RNA 76 fifi i
- Rz At M A PR e R R VR . AR SR 2
IR, H0, N7 38 il v T 7Y | K7 41 B AS49 1] =
Az K EE Alu RNA, Alu RNA 33 28 3k A i 3542
A549 4L HR ROS 9 7= A . ROS J2 20 i 7 A 15 1 7
rhoE A 1 R AN R AR, AR R A I AR B
IOF AR, LR 3 0 4T 25 HILAAR 20 B 1 £E B0 - A, S5
Y MG E oAb AN TR T IRSEA (R S R
BRI

SRP 2 1 7SI RNA F1 6 42 (W 3L 20 % (19 42 4
Y, Alu RNA 5 SRP9/14 455 RS0 85 o B 4h
TR, AR AR G25C U2 fifi Alu RNA 2k 2= BHiFm
IRE, A4 G159C K2 Alu RNA R4 J: 8
PREIIHRIZIRE™ 3 AT Bt Fi TS AR EA
T HMA D RE— A DI 6E ; Alu RNA 478 /2 Alu
RNA 5 RNA &M 1 456 241, 4 Alu RNA
EHEE G JE T LAl e e 2. ARSZIe i i g3
SIRIEE T pAlu-M Fl pAlu-LA PIFP S 1A, 145120 ity
BEYLSZIOUE B pAlu-M 75 51 ROS /K- i 35 PRI, 42
JRTE AS49 AT Alu RNA 3 B0 i B A Al
PRk ROS A o 90y i — 2558 Alu RNA Xf
A549 20 E AL IEORN SAE A IS B T A
(&% k]
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