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# A Crispr/Cas9 #3& POMP ERF AR R ERERENH

Rndn AR ART, B 4 ERIC A& (310018 A7 M, i VL3 TR 232 4E A Bk 2 252 B ;400038 H P, 45 =
A VG g I B 4 ZE e R B 5 BT

(=] HM A A Crispr/Cas9 £ 4t #t 57 & [ B 14 il #2E 1 ( proteasome maturation protein,
POMP) B [K 20 J5t i ¢ G e i R Ge. Jiids #H# POMP-2A-mCherry-T 2 4 Jf- % ¢ HEK293 (human
embryonic kdiney 293 cell) iy ; i =0AH B 3 1E AR H mCherry BH FHP: 41 ; SEAT 28 6 %E & PCR(real-time
fluorescent quantitative PCR) ¥ {ll] mCherry B FHPEZE M A POMP B[R 54 %K SE- R ik 25 7 ; Western blot 6
W) mCherry [ BAPE 40 A v POMP 25 11 K35 22 5 LA & Huh7 Z0 il rh INK1/INK2 @2 467K ; 25 A TS
PRI A mCherry FIBAYEAHME D S I BIATE PR 22 570 85k mCherry FHPEZH AL POMP 25 3Rk 7K
V-1t mCherry FIVEZRMEE 1.3 £5 (P <0.01) (HHELR e SRk 122 5 954 8.3 (P > 0. 05) ; [A] i mCherry
FFE A iz 2R ALK L mCherry FHAPEARAL S 1.2 45 (P <0.01) 5 53 4b mCherry AP0 b 8 A A4S
PR P& & T HIEAAL (P <0.01) ; {73k POMP ) Huh7 ZH i, NK1 1 JNK2 852 16 7K ~F- 43 31
LS AN L4 5 (P <0.01) . &5 I POMP 24 ts R0 K R G T Huh7 4 j, & 3
POMP A] 2728 JNK1 JNK2 @21k K-V, Hon] Besd k. INK {5 538 6 ke 5 e 200 A i 38 4 DA S M T

[ X8R | Crispr/Cas9 ; & [ FfE 14 i EEE [ ; mCherry ; HEK293
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Construction of mCherry reporter system of POMP by Crispr/Cas9 and its
application
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University, Hangzhou, Zhejiang Province, 310018 ; *Institute of Clinical Pathology, Southwest Hospital, Third Military
Medical University, Chongqing, 400038, China)

[ Abstract | Objective To construct mCherry reporter system of proteasome maturation protein
(POMP) by Crispr/Cas9 and study the impact of POMP on cancer cells. Methods POMP-2A-mCherry-T
vector was constructed and transferred into human embryonic kidney 293 cells (HEK293 cells). The mCherry-
positive cells and mCherry-negative cells were sorted by flow cytometry. Real-time quantitative PCR ( RT-
qPCR) was used to detect the POMP gene transcription level in the mCherry-positive cells and mCherry-
negative cells. Western blotting was adopted to detect the POMP protein expression and JNK1/2
phosphorylation in Huh7 cells. Proteasome activity of mCherry-positive cells and mCherry-negative cells was
detected with proteasome activity detection kit. Results The protein expression of POMP in the mCherry-
positive cells was increased by 1.3 times (P <0.01) compared with the mCherry-negative cells, but the
POMP gene transcription level had no significant difference between the 2 kinds of cells (P >0.05). The
level of ubiquitin in the mCherry-negative cells was obviously elevated by 1.2 times than that of mCherry-
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positive cells (P <0.01). The proteasome activity was relatively high in the mCherry-positive cells (P <
0.01). The JNKI1 and of JNK2 phosphorylation levels were increased by 1.5 times and 1. 4 times,
respectively, in the Huh7 cells with low expression of POMP (P <0.01). Conclusion The POMP luciferase

reporter system is successfully constructed. After the system is applied to Huh7 cells, POMP can change

JNK1/2 phosphorylation levels, so it may affect the cell proliferation and apoptosis through JNK signaling

pathway .
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12 Z AL M B 2 4t (ubiquitin-proteasome system ,
UPS) JE 20 N F= Z R B 1848, 25 T RE2 8L
HEHRWER . ZRGEH—RINEARERZ S, K
Bt A E AR, 2 1> 208 0L HEFT 2 4> 198
WAL R Z WIE Sk, ERMASS TIFL
2 G < 0 DT A R A T ey
12 (5B %, B A AR O S A B R
PEVEG AN JAE RBARSE Y R B 5 T
LRI L KR, BN 22 Rk R e A
O SR ek R R A N, W
DT 1 BAT — 2 B B T 2 1 A A
( proteasome maturation protein, POMP) & g I 55 , 7+ 25
P AR P A K i b A i 3 SC AR T, el St mT /Eh
67 B AR T K OF B FE AR . Crispr/Cas9 &
i1 Ay A ST IR 5 Y T L, AR S 1ok
% 2 G0, 76 #5340 i HEK 293 41 Jifg i) 2 P9 41
POMP JE PR 2GR 4E 7, % sl A A 35 D12 ik 2A A1
mCherry Z1(85¢ 48 [ 3L PR, DA A 38 o i = 40 LAY
431 mCherry , 3 3J45 POMP =5 2 35 B 41 0, E 1M A A
5% POMP X 25 (A A4 52 ), DL K 28 F il A 72 A ] e
TAANAE P ROFE SR A T S R Tk

1 HRSH®

1.1 #4

HEK293 il 1 W H 5 [ b 1 25 9 o A8 0
(ATCC) ; Huh7 4l A< 2 S i s ik ok px330 3K
T Addgene ; KIZHT i Topl0 Btk i A< 2 KW IRAT 5 IR
HIPE N VG Dpn | ) H Fermentas; Tag DNA ligase,
Phusion DNA polymerase, Bbs [ W H NEB /&) ; TS5
exonuclease I H FEpicentre; RNAiso Plus, SYBR,
PrimeScript RT-PCR Kit, T-Vector pMD19 ( Simple ),
DNA Marker T4 [ K& E 4 Y) ( TaKaRa) /A 7] ; DEPC 4
H#x K; KOD Fx, T, DNA ###1 H TOYOBO 2

5 2GR T P A I ) &, e T it ) & 14 T
Promega 7\ w5 i 4= IfiL 5 W H Biological Industries 23
H]; DMEM 5535230 H Gibco 2\ 7] ; QTAamp DNA Mini
and Blood Mini, #4487l Effectene Transfection Reagent
5 H QIAGEN;0.45 m NC &I H Merck Millipore 2y
A AT Ub B0 F Santa cruz 28 Al fght POMP £
Yill B Sigma; Py 2 GAPDH Hi &) H Cell signaling
technology 2\ & ; ¥t INK1 + JNK2 B2 1k Z 3ty A
Abcam 23w BARBEFRIC L SE 5T 16, AR AR IC 1L
FAR TG Pk, —PORBR I A A2 847 s Hofl o b
ARy I T AR TAE A A
1.2 px330 Fikeg it
R A px330 FHFR A 1E N UIRE Bbs 1AL, 283
EWEEEIE B UK M, - 20 °C R4, i i
P BT 5 POMP 5K (R 41 20 1k 5 15 T & A
NGG BRI} 20 > 1k F M 59 A% H 12 7 51 ( single guide
RNAs,seRNAs) , JF¥s 0 Bbs T BYEGEEIN S, W3+ 1,
H 0T T AMFF LA E SRy 10 mol/L AR FIR 5,95 °C
%9 2 min J5LL0.08 C/s EIBFFIRTLZE4S C, WS L
BIG= Y 5 px330 2K B U 7 W) #E 47 % BT R Ak
Topl0 JEAZ AN, Y H PRI TR 75 #E4T LB WA 55
Fi, FRUBORL, F U6 I35 [ W4 PCR %7€ , B S
JEORLA T 5t 4 30 B A WD R R W Y, 28 2 IS Y 2
1A 44 7 px330-POMP-gRNA

%1 POMP-gRNA PCR F3|5kfE

K
(bp)
POMP-¢RNA IF X4  5'-CACCCCATCACAAAGCGAAGTCAT3' 24

POMP-gRNA Jz X 4% 5'-AAACATGACTTCGCTTTGTGATGG-3’ 24

5149 52

1.3 POMP-2A-mCherry-T & #) #
PL_[3& POMP 1) gRNA $[m] J3 51 Ry A, 43 51 3
3T PCR 814, ¥ B H M2 1 000 bp (3 41E K
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Jr S H A Y [R) IR , R AR BT W R IR b ) B4 A
2A-mCherry J781] . 47357775 F Al Gibson sufEHIA , 1E
I b ASFEY 3G R BeZ B R B S S i E A X,
514550 W3 2, Hoh POMP_E i 7] U6 1E 4%,
POMP T iz [] P58 S 4%, 2A-mCherry 1E 5k A1 2A-
mCherry [z X%, 73 31 & 45 20 45 mCherry g i 4E L)
S POMP SLRA W) & )75, DA BRI T 24k 5]
Yy, T AR OE SRR M H R LR R 2, BT o A
20 4~ 5 POMP B A By E & F 4. ¥ 1K 4 4>
PCR 7=, ¥ 45 He A9 i A Gibson Jz W A& & 77,50 °C
Pt 30 min, 5% 4k Top10 J&3Z S0, U H Pk HCER TR VR
HEFTWRAR G S, SEUBORL, T 2 AR 514 M13 fif
PCR %78 , BH M o 2 JBORi 26 0 1, 44 2 4R A5 1 2 AR i
44 A POMP-2 A-mCherry-T,

&2 POMP EEEH S| MFINESKE

A1 9 KL

(bp)
POMP-upstream 1F 5 5'-AACTCAGATTTGCTGTAGTGACCCT-3’ 25
"-AAGTTAGTAGCTCCGCTTCCCAGTAAACCA-
POMP-upstream J57 S 5 > v OCTCCOCTTECCAG e 41

AGTTTATATTC-3'

5-ACCGGCGGCATGGACGAGCTGTACAAGTA-
3 S\ b
POMP-downstream IEXEE )y o GTTCATGEAAACCGAGGGETGEAS!

POMP-downstream Y47 5'-CAAAGATGTTCCTAAGAAACTGATA-3’ 25

1N
Iy

- 5"-GAATATAAACTTGGTTTACTGGGAAGCG-
2A-mCheny 1F X GAGCTACTAACTT-3' 4

5"-TGCAGCCCTCGGTTTCCATGAACAGCACA-
e
2A-mChery [ 3 TTACTTGTACAGCTCGTCCATGCCGCCGGT-3! ¥

- S-TATATTTTGATTATCAGTTICITAGGAACA-
Trector IL AR TCTTTGATCGTCGAACGGCAGGCGTGCAA-3'

" 5"-ATTGAGGGTCACTACAGCAAATCTGAGTTT-
T-vector [ CTCTGGAAGATCCGCGCGTACCGAGTTCT-3! ¥

1.4 M f4sk % HEK293 /0

HEK293 Ziffi7F 10% FBS () DMEM £33 5%
CO,,37 CHMFHF . BB KK HEK293 4
JILL 4.5 x 10" ~5 x 10°/FL4EF0 T 24 FLAL, FF4NIE
L BER] 40% ~80% , 4% px330-POMP-gRNA 5 POMP-
2A-mCherry 4% 0.1 g, ¥ 1: 1 FL {956 YL 40 o, 4k S B 55
12 h J&, 25 B & A 55 e i 700 0 3% 35 3L, i A KT £ 1
10% FBS [) DMEM £ 5558, 4k 2215 5% 60 h, i =040 i
%5335 mCherry BHPYE) HEK293 il
1.5 B3 %2 % PCR #m POMP 3 B 4 %K -F &

mCherry 3k B 20 241 L

It =X 4t LAY 4 3% 3K 45 mCherry BH A4 1B 1
HEK293 Zfifd, i3 40 5 RNA, JF 9047 e 5% . R
SEFAE B PCR AGHEAT Y31, Hl SYBR-Green £l LA
GAPDH N INZ: K 4% 2H 20 AL ) mRNA A9 £ 357K,

SIYIFHIILER 3. ISR cDNA L POMP I il
mCherry T ilF5 1) 7 51 48 5E mCherry 75 PF 2H v (1% 5%
G, PCRYHFLT Hy:94 CHIALPE 2 min; 94 C
A5 30 5,60 Ci & 30 5,72 CIEff 30 s,45 MEH;
72 CHEAH 5 min, FEFEASH POMP fil GAPDH & &
3We NS HT , 1 it 42 H B PCR I A 4
S
1.6 Western blot 4|

P& IO B S B 1, #E4T SDS-PAGE HL ik, HAK 4N
T B 10% 23 BT 5% Hedi e, d e b . REAS |
FE AT RLUK , LUK 2 SROHE B 0 2 A IS 2 i v, s
HFEEERSE NC |, NC EZE 5% BiAS 0k 2 i &t
M2 h, —HilEH 4 Cilfk. PBST ¥R 3 Ik, Bk
10 min, A Z$0, ZiRWEF 2 h, PBST PEfE 3 Ik, &
K 10 min, F{R A,

#3 RT-PCRE¥FFISKE
519 751
POMP-RT iF ¥4k
POMP-RT fz X 4
mCherry-RT [z ¥ 4%
GAPDH-RT 1F X 4k
GAPDH-RT fz ¥ 4%

K (bp)
5'-TTCCAGCTCAACCAAGATAA-3’ 20
5'- ATCCAATAGTCTCATCATTACCCCT-3" 25
5'-TTCAAGTAGTCGGGGATGTCGGC-3’ 23
5'- ACCCACTCCTCCACCTTTGA-3' 20
5'- TCCACCACCCTGTTGCTGTA-3' 20

1.7 7 G BgiRk & A

A RAS ) mCherry FH:FIE 4 HEK293 4
Jig, L2 000 A~/ FL A 3 Fh 2] 96 FLAR, 5 40 B I BE )5
H Promega 2\ ] £ [ il A4 I M A U0 £ P ) 3 FBUIS
Yoyl PBS 3% 1: 1HBIR AT, BEFLAINA 200 LiR&
W, ZE RSO 1S min AR ASCRG D HC SIS TR 2, 1 i L 2 B8
H B A R A 2R Bl 3 Fhil A BT 1
1.8 POMP & B 403453 RAR 2 & e td 5 A

¥+ px330-POMP-gRNA 5 POMP-2A-mCherry 4%
0.1 g, 4% 1: 1 He %5 Yt Huh7 400, 4k 221555 12 h )5,
LB EA YR IG5 INACH &Y 10% FBS 1y
DMEM }iF ik, gk 2 8555 60 h J5 , #2847 3 48 rik
gifb I RIEFRAF 2] 70 2 19 mCherry PHA: () Huh7 41
H, 8% J5 Western blot £ ] mCherry [H £ X FH 1 19
Huh7 ZH g INK1T F1 INK2 AR kK
1.9 S8t s%

TEIT R 1,
1.10 %t 394

AL, x s 2o, KR H SPSS 19. 0 it #fiitr
J7 2500 B v K
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Fy7d: POMP-2A-mCherry-T K7 ppx330-POMP-gRNA

SR HEK293 20 , AT IR I3 H 20
ZYC o ikalifl

POMP JH 2 5457 mCherry 22
R G

qRT-PCR Western blot: T A BEHA TS 1
POMP, UB

B1 IREHTARTEE

2 #R

2.1 Ak H A4k px330-POMP-gRNA PCR % % o) 5

POMP-gRNA Ji{3i 147 A £ px330 Sk i, S
KiAs A 11 U6 Ja 211, LA S gRNA R A/ & PCR 5
WES Y. A SRk AT, W] px330-POMP-gRNA PCR
ALY HE 1 24 100 bp K/NRI AT (B 2A) 5 2 2k
W, W TEY 3 4671 o FF B SR Y (18] 2B) |, S5 5 5%
B, POMP-gRNA i )4 A | px330 ki,

2 000 bp—

1 000 bp—
750 bp—
500 bp—

250 bp—

< POMP-gRNA
100 bp— (100bp) @
P 10 20 30 a0
Sa_]npl(—)*’ GTGGAAAGGACGAAACACCCCATCACAAAGCGAAGTICATGTITITAG
POMP-gRNA—> | ~=------------- CACCCCATCACARAGCGAAGTCAT--—-

A:POMP-gRNA #9 PCR /= 8 fic ¥ vk 52 45 ;M DL 2000
DNA #7431 = 3: px330-POMP-gRNA PCR = 47 ;4 A M3t
B ; B:px330-POMP-gRNA PCR = i 5 5t bk

2 px330-POMP-gRNA PCR % 7E MBI Fr 45 58

2.2 POMP-2A-mCherry-T 24k #9 % 2 & n) 5

# POMP-2A-mCherry %423 T 44K &, I H T 2%
438 P51 4 M13 547 PCR %7 . nSRAg s i,
W PCR w] LA™ 44 H1 2y 3 000 bp K/NE) 454 (181 3) 5
A A EIN, ] PCR 724128 7/INTF 100 bp 457t o K B
SRR K I e, L X 45 SR R ], 5 POMP-2A-mCherry
S BR T8 58 A AT, RIS Hu A A2 T #dk

-

4000 bp—
2 000 bp— W/ «~—POMP-2A-mCherry

(3 000 bp)

500 bp—

M. Hindlll DNA 4% ;1;POMP-2A-mCherry % PCR ¥ 3% /=
My 32 T AT R
E3 POMP-2A-mCherry-T PCR £ E4£ R

2.3  mCherry [/ 5 F7 M 28 i 04 5 ik

px330-POMP-gRNA FlI POMP-2A-mCherry-T 3t [i]
g HEK293 4Afi, 5557 72 b, i U4 M AAGHI H [m) Pt
HHMER, 45 R B~ , mCherry JHEE L F K 1% . R
o 3 58 I A B 20 M E AT S 2 S g, FR AT X ax
mCherry FAVEAN B AT 3 %870 2 AZMRY KIEFR, Wit
ORI 45 R 7 g IS 41 i b mCherry FH A4 40 0 L 491 3%
BT 45.6% o FORUER B4, A1 o3 5 o3 i H
H110% ~20% (¥ mCherry 35 [ 240 i 11 934 240 0, 1)
ERCE LESEDR

Cherry-A subset-1 Cherry-A subse
120418.6% 12.8%
90 1
E
30
0

0100 100 100 10°

Cherry-A
Cherry-A subset-1: mCherry B & 48 fi; Cherry-A subset;
mCherry [A/M 48 f6

4 #5EE mCherry BA P 4ER

2.4 mCherry #9405 457

it PCR A, K] mCherry 75D Hh %8 51
O, K PCR =Wy AT BRE A BERE LK , 45 R B, 94
PR B — W15, R/NZ Ry 470 bp(E15) , 5 5EBR AR
5, 304 7= Wk M, e 40 e 45 53R B mCherry 7
(1% 5 2] POMP JE K ZH
2.5 mCherry FA A 20 g ¥ 69 POMP 3k B 45 K -F

£5F
i ) S 5Ot PCR AR, 6 I POMP i [ 7
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mCherry B4 1 FH 2 20 i 1 9 RNA 3238 7K OF 22 5
PSR R PGS i R R 1 AR S ik,
55T W BOR P A5 v i S ip— HLARHB, 4
B Tm (W AR S — , B H B 5L H AN 2 3L
R AR R DL 5 | — Rk, S AR
7R, 7€ mCherry BHPEANMH, POMP JEL[H ) RNA ik
JKF-(1.08 £0.33) AHE T 40 (0. 88 +0.26) , 2%
RIG IR (P>0.05),

M 1 2

<2000 bp

<1 000 bp
— <750 bp
<500 bp
PCR 724 — R

(470 bp) <250 bp
<100 bp
1 ; POMP-mCherry # PCR 473 = 47 ;2 : A M 34 1R

M:DL 2000 DNA #7f&
5 mCherry 2&51ERH PCR EELER

2.6 mCherry I Fa /P 2m it POMP & & K- &k £ 5%

Western blot £ il 2% % 3 7~ , POMP & [ 7F mCher-
vy [ B PR 0 ) Rk £ 225 S 3, 7 mCherry
BRI 20 b s T mCherry BIPEARA 1.3 45 (P <0.01)
il H Az A ACE W 4 A B, mCherry BH M 240 M =
TRAVEAAL 1.2 f5(P <0.01,6)

mcherry” mcherry*

—(0~250) x 10°

B 6 mCherry FHFHTE40E POMP UK UB & HKE

2.7 mCherry FAFa b 2m e ¥ 5 & BRR &P £ 5

A A IS PR A I 25 5 7%, mCherry BH P 48 it
AR AR Y 3 Ff 2 1 I R, 28 PR AR 1 8 ( teypsin-
like) (288 3 11 Ml ( chymotrypsin-like ) |28 K4 24 12 fif}
(caspase-like) ¥J It & 5 T mCherry BATEH M (P <
0.01,87),

O Trypsin-Like
121 Chymotrypsin-Like

Caspase-Like

a a a

M
>
T
=
_

OF
N
~
.
_

il
-

|

I
o
(3]

mcherry+

|
mcherry—

a:P<0.01,%5 % & mcherry-b 4z
7 mCherry [8FH %40 i B | B BRIRE £

2.8 POMP & R0 45 3¢ B4R 4 2 % /£ Huh7 @ pe
#9 5 )

FAVH A B ) 0 VOGRS TS
Huh7 4ijiif POMP (4 4E FH, Western blot ;i 4% 52 i
/N, {EFE 1k POMP /) Huh7 28 g, INK1 F1 JNK2 (55
AL K24 7 R (NKT SRR AL TR 1.5 £, INK2 iR
T 1.4 f5(P <0.01,18 8) . iXUtHH POMP AJ 520
INK 5538 %, Honl fie 5 Huh7 40 M9 0 18 58 A 4 1=
LiiES

mcherry” mcherry*

b 54 10°

~ |—46x10°

GAPDH—>| We-— — 30 x 10’

p-JNK1— £
p-INK2— |

B8 mCherry FBBR A Huh7 4HREH JNK BEES 1L 7K T

3 i

Crispr/Cas9 Fe o B F A LA Lt AW+, B
BN T EE LA S DNA A S e B i fe 11 . B
HWFFEHIABIRA, A& BUK tracrRNA ( trans-activa-
ting RNA ) : crRNA ( CRISPR-derived RNA) {E Jy 5| &
RNA(gRNA) i3 3% gRNA 19T 10 75 1T, Al R R i
Cas9 £ |71 & i T DNA J¥ 51, X DNA #1755 V]
1, WIS B3 IR 2110 58 1 2 0T L oAb, i T
Crispr/Cas9 RGLA & BRI HRAE R | g 2805 1w S
PR HR ) S e, A H A i — AR R 2 S B B , 1
SR A DR 20 S R RN L R R S . R R
AR IR Z (HHAZBRZ R0, s
T gRNA By L+ FE DNA J5 51 193t Cas9 5 gRNA
K5 5 107 LA R H g T S R S S
F Crispr/Cas9 RGH RN H mfm R E N HT £
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FiAY A4 A R BT SRR AN o TR
AN G 12, W 4 A 28 00 47 4 e 5 DX A i
B AL LR R R S B R A R 2 2 DBV E A T R 3
B AR RAb 2= s 2 2l A PR R SR Bl
ARIGAW & J& , 32 B v 5 =X, il an mr LA 24
gRNA 7471 ] s #01 ) 32 PR 4 22 A AS Tl 457 s 10615 40
] DIE A 25 A N RN SRR B 1, X R SRR Y
Il S AT O S R DA R L R 4L s s R Y Y
R Crispr/Cas9 ZRGERR T AT LA T35 8 41 2 1) 2 5, o
AT LU TR DR 2 i 5 R WL 35t A% (9 R 2 b e e
Yt A 5 L R L PR 2H B S RE AR e 45 L AR WSl
AR POMP JE K4 J5 4 98 Je iR R 40, LUk
VERBRGEE 691 R4 5 POMP 78 4% Rl b 8s 40 it Hh () 18
FHAF5EFT T it

A 5% 3l 1 43 i A48 i px330-POMP-gRNA Al
POMP-2A-mCherry-T F- L4564 HEK293 4 ffa 14547 =] 5t
A, P2 2 0 A e Al Ak F < i a] 07 28, DA T AR
7% POMP JEH 41 JFi (i mCherry 38 96R45 2%, B Rk
BATHAT T IZ R G R %2 . it PCR Ny 45
SR~ , mCherry HERf 938 4 %) POMP SLF 4, A
HAARBE AR R A A TR 0
mCherry JEH (34555 L5 POMP [ % 5 2 A5 AH SC Bk
1,3 BT LAiE st PCR AT 555 . A 2% A, N
AR /MR R ) — 2507 s 2 R U R 4
RIS R 1Y 5 455, T H. mCherry 85 11 335 AN RE 52
4= POMP ()5 557K o MRIERATEE R LR R
H mCherry LR (13 515 DL il RE 23 G, MR T
BRATER AT IR GEAIE . SR 586 i PCR 2521
7R, POMP E&[KIFE mCherry B B 40 i RNA 3Rk
IKFIFICHA B 25 5 o (B AR K OF 22 5 W) B, X g
ST mRNA % 5% 5 845 K L 5\ A p L A
] 74, mRNA #% B [ At , 1 B0 8 1 B s o B
SE 1 LR SR A T D RE Y AR A, i A o 2R
KPS Ak AT LA ) W7 X6 A I 2 BE A 52 . mCherry-
POMP #& [F & — /il & & 1, mCherry AN 347 55 31,
12 B POMP J& 8l 30 , Bl POMP {17 55 B 2% 1
PEATHE S BIPE, BT L) mCherry 25 1R 35 5 POMP 25 1
FEIREIEAHSE i BRI R 5 Z AT . B Pl
PATEPEAGE I 45 SR Al R WY, mCherry [ 4 241 i v 25 1 il
PRTEPE A 5 5 1 B 40, 3X U B mCherry 26 68K 1
() 2235 7K ] 267 4 P I POMP 1) 35 7K -, BRI
WA T POMP 5864 248, D & POMP
YA R Z )G, AT IR T Huh7 41 s POMP

FIVE FH A 5T, e 45 31 2 7R, POMP () 24 A5 7] 52 i)
JNKI JNK2 @ fb /K-, NifiE f INK {5538 % 52
LA HETE DA SR T Al = 3Rk POMP {2 E A
R, AT INK BER AL RS o BLAb, B A =
TEPEIRAS PTG P A 1-«B, fiff NF- «B 36 M0, 410
INK A~ S dnf -0,

BB A BERRE IR T M A9 2R 4 (E S B A 15 M
IEE AR R SR T ARG k4 R R . i R R
1 A T Ll 535 0T i 9 248 L g 2 B, sl 2 e
YRR T I A R SCHER A I T A e b &
Bt AT A TR R IR A, Rk POMP 1 45 7 41 g
DB BTG P B 8 B, BRIV AT 285 5 AR BF 58 0 2 15 2R
[F) 2 1 Pt A 0% 1 ) AT B, 2 — 25 AR 9 B A X e 9
A i A A DL R R T A T VR FEBILA

S Xk

[1] Lonjedo M, Poch E, Mocholi E, et al. The Rho family mem-
ber RhoE interacts with Skp2 and is degraded at the protea-
some during cell cycle progression[ J]. J Biol Chem, 2013,
288(43) . 30872 —30882. DOI:10.1074/jbc. M113.511105

[2] Paniagua-Soriano G, De-Bruin G, Overkleeft H S, et al. To-
ward understanding induction of oxidative stress and apoptosis
by proteasome inhibitors[ J]. Antioxid Redox Sign, 2014, 21
(17) . 2419 -2443. DOI.10. 1089/ ars. 2013. 5794

[3] Tmai F, Yoshizawa A, Fujimori-Tonou N, et al. The ubiquit-
in proteasome system is required for cell proliferation of the
lens epithelium and for differentiation of lens fiber cells in ze-
brafish[ J]. Development, 2010, 137 (19) . 3257 - 3268.
DOI:10. 1242/dev. 053124

[4] Chen JJ, Lin F, Qin Z H. The roles of the proteasome path-
way in signal transduction and neurodegenerative diseases
[J]. Neurosci Bull, 2008, 24 (3). 183 - 194. DOI: 10.
1007/512264-008-0183-6

[5] Portbury A L, Ronnebaum S M, Zungu M, et al. Back to
your heart; ubiquitin proteasome system-regulated signal
transduction[ J ]. J Mol Cell Cardiol, 2012, 52(3): 526 -
537. DOI.10. 1016/j. yjmce. 2011. 10. 023

[6] Wertz I E. TNFRI-activated NF-kappaB signal transduction;
regulation by the ubiquitin/proteasome system[ J|. Curr Opin
Chem Biol, 2014, 23. 71 - 77. DOI; 10. 1016/j. cbpa.
2014.10.011

[7] Mao X, Pan X, Peng X, et al. Inhibition of titanium particle-
induced inflammation by the proteasome inhibitor bortezomib
in murine macrophage-like RAW 264.7 cells[ J]. Inflamma-
tion, 2012, 35(4). 1411 - 1418. DOI. 10. 1007/s10753-



http ://aammt. tmmu. edu. cn

S = BRI, 2016,38(2)

147

[10]

[12]

[13]

[14]

[15]

012-9454-5
El-Hashim A Z, Renno W M, Abduo H T, et al. Effect of
inhibition of the ubiquitin-proteasome-system and TkappaB ki-
nase on airway inflammation and hyperresponsiveness in a mu-
rine model of asthma[ J]. Int J Immunopathol Pharmacol,
2011, 24(1): 33 -42.
Pratt G. An oral proteasome inhibitor for multiple myeloma
[J]. Lancet Oncol, 2014, 15(13); 1417 - 1418. DOI10.
1016/S1470-2045(14)70372-9
Matsuo Y, Sawai H, Ochi N, et al. Proteasome inhibitor
MG132 inhibits angiogenesis in pancreatic cancer by bloc-
king NF-kappaB activity[ J]. Dig Dis Sci, 2010, 55(4):
1167 - 1176. DOI.10. 1007/510620-009-0814-4
Frasco M F, Almeida G M, Santos-Silva F', et al. Transfer-
rin surface-modified PLGA nanoparticles-mediated delivery
of a proteasome inhibitor to human pancreatic cancer cells
[J]. J Biomed Mater Res A, 2015, 103(4) ; 1476 — 1484.
DOI.10. 1002/jbm. a. 35286
Wu W K, Sung J J, Wu Y C, et al. Bone morphogenetic
protein signalling is required for the anti-mitogenic effect of
the proteasome inhibitor MG-132 on colon cancer cells[ J].
Br J Pharmacol, 2008, 154 (3): 632 - 638. DOI: 10.
1038/bjp. 2008. 115
Yoo J Y, Hurwitz B S, Bolyard C, et al. Bortezomib-in-
duced unfolded protein response increases oncolytic HSV-1
replication resulting in synergistic antitumor effects[ J]. Clin
Cancer Res, 2014, 20(14) . 3787 —3798. DOI.10. 1158/
1078-0432. CCR-14-0553
Fricke B, Heink S, Steffen J, et al. The proteasome matu-
ration protein POMP facilitates major steps of 20S protea-
some formation at the endoplasmic reticulum [ J]. EMBO
Rep, 2007, 8(12): 1170 — 1175. DOI.: 10. 1038/sj. em-
bor. 7401091
Cong L., Zhang F. Genome engineering using CRISPR-Cas9

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

system[ J ]. Methods Mol Biol, 2015, 1239 197 - 217.
DOI;10. 1007/978-1-4939-1862-1_10
Hsu P D, Scott D A, Weinstein J A, et al. DNA targeting
specificity of RNA-guided Cas9 nucleases[ J]. Nat Biotech-
nol, 2013, 31(9) . 827 —-832. DOI.10. 1038/nbt. 2647
Zhang F, Wen Y, Guo X. CRISPR/Cas9 for genome edi-
ting: progress, implications and challenges[ J]. Hum Mol
Genet, 2014, 23 (R1): R40 — R46. DOI: 10. 1093/hmg/
ddul25
KR/, skiSr, TR, 4. CRISPR-Cas9 /i 31k K]
RO ]. YR BEE, 2015, 5
(1):1-9. DOI.;10.3969/]. issn. 2095-2431.2015.10. 01
Heckl D, Kowalezyk M S, Yudovich D, et al. Generation of
mouse models of myeloid malignancy with combinatorial ge-
netic lesions using CRISPR-Cas9 genome editing[ J]. Nat
Biotechnol, 2014, 32(9) . 941 —946. DOI. 10. 1038/nbit.
2951
Cheng R, Peng J, Yan Y, et al. Efficient gene editing in a-
dult mouse livers via adenoviral delivery of CRISPR/Cas9
[J]. FEBS Lett, 2014, 588(21) : 3954 —3958. DOI:10.
1016/]. febslet. 2014. 09. 008
Konermann S, Brigham M D, Trevino A E, et al. Optical
control of mammalian endogenous transcription and epigenet-
ic states[ J]. Nature, 2013, 500(7463) . 472 -476. DOI.
10. 1038/ nature12466
Nishimasu H, Ran F A, Hsu P D, et al. Crystal structure of
Cas9 in complex with guide RNA and target DNA[J]. Cell,
2014, 156(5) : 935 —949. DOI.10.1016/]. cell. 2014. 02.
001
Tang G, Minemoto Y, Dibling B, et al. Inhibition of JNK
activation through NF-kappaB target genes [ J |. Nature,
2001, 414(6861) : 313 -317. DOI;10. 1038/35104568
(75 :2015-06-03 ; f& [ :2015-08-06 )

(%h# K 4)



