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Establishment of cell line with NOD1 receptor and enhanced green
fluorescent protein labeled nucleus factor of activated T cells 2
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Abstract: To establish the cells stably co-expressing NOD1 receptor and enhanced green fluorescent protein
(EGFP) -tagged nuclear factor of activated T cells 2 nuclear factor (NFAT2) (EGFP-NFAT2) in U20S cell, the
NOD1 (NM_006092) pcDNA3.1-3xFlag-hygro recombinant plasmid was transfected into U20S-EGFP-NFAT2
cells, which were screened by pressure of hygromycin B and then incubated with NODI1 agonist
lipopolysaccharides (LPS) for 30 min, and the green fluorescence intensity in the nucleus of the cells was detected
by the high content screening assay. There were 46 cell strains expressing NOD1 in U20S-EGFP-NFAT2 cells by
EGFP-NFAT2 nuclear translocation assay. Among these cells, cells No 4 had the highest nuclear translocation
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function. Therefore, it was selected as the U20S-EGFP-NFAT2-NOD1 cell for functional validation. The
expression levels of NOD1 mRNA and protein in the selected U20S-EGFP-NFAT2-NOD1 cells and the control
cell U20S-EGFP-NFAT2 were examined by real-time quantitative PCR (RT-qPCR) and Western blot. The results
showed that NOD1 mRNA was stably expressed in this stably transfected cell line for 5-20 generations, and
NODI protein was expressed in U20S-EGFP-NFAT2-NOD1 stably transfected cell line, whereas no NODI1 protein
was expressed in the control cell U20S-EGFP-NFAT2. U20S-EGFP-NFAT2-NOD1 cells were treated with
histones or LPS for 30 min, and the EGFP-NFAT2 nuclear translocation was detected by the high content screening
assay. Histones were found to significantly increase the EGFP-NFAT2 nuclear translocation in U20S-EGFP-
NFAT2-NODL1 stably transfected cells over a range of concentrations. The U20S-EGFP-NFAT2-NOD1 cells were
divided into the solvent control group, NODI receptor antagonist nodinitib-1+histone group, and histone group.
The drug incubation time was 30 min, and the specificity of the NODI cells was verified by observing the EGFP-
NFAT2 nuclear translocation through the high content screening assay. Compared with the histones group, the
nodinitib-1+histones group significantly decreased EGFP-NFAT2 nuclear translocation in U20SEGFP-NFAT2-
NODI1 cells (P < 0.05). In conclusion, U20S-EGFP-NFAT2-NODI1 cells stably co-expressing NOD1 and EGFP-
NFAT2 are established, which can be used for screening antagonistic compounds targeting NOD1 pathogenic
microorganisms with mechanism study.
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A AR AE B . SE R )% R G HRAEX e N AR
FR S — BB 2, FL7 AR R 280 0 A 3 R (n e A
YT 4 i SR ) s R I 52 B 1 2 I T R
5. 1990 4 J5 WA T4 g F e Rk RE R
H 20N %2 K (pattern recognition receptors, PRRs)
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M Am X FI A EZEMEE U20S-EGFP-
NFAT2 41 g 4 H 3¢ [E Thermo Fisher Scientific 23 ), 4
E R A7 ; pcDNA3.1-NOD1-3xFlag-hygro = 28 Jfi }i (3
i 5 NM_006092), 5 4= ¥ Ft £ A B & A
DMEM ., opti-MEM #% 77 5 Fl iy 4= ifiL 3 , 55 H Gibco 2
Al IR 204 & B, 3 E Sigma A 7 ; nodinitib-1,
AbMole 2 7] ; Power SYBR Green PCR Master Mix
(2x), AL ER AV AR KA A R A\ PBS K,
POICZELE IR B B2 )5 ok B B ) &, A6 R AR
W FE AN T Trizol, 3% [E Merck 24 @ ; Lipofectamine
3000 % 4y ik A L W % F (hygromycin-B, Hygro).
Hoechst33342. Oligo dT18. RNase inhibitor. reverse
trancriptase M-MLV . & F 8§ 47 i 7] cocktail, 3
Thermo Fisher Scientific /A 7] ; 6 LR F1 96 fL 2 1,35 J&
AR, 55 E Corning 24 & ; FHEE L G /K & B Al 5 A BE,
] 24 B P A 23 A FR 2 5 30% PR A7 19t frig Y5 V0K 4
Z4f# W  5xloading buffer. Tris (pH 8.8) 1.5 mmol-L" 2%
M 10% SDS. i #it B2 %% - TEMED. Tris (pH 6.8)
1.0 mmol-L™" 2% 3 ¥ . 10xTBST %% # ¥ Al 10xSDS-
PAGE HL¥K 22 M, Jb 1 i 5L B R AT BR A 5 5
5290 PVDF JE, 22 [E Millipore /A 7 ; B FAE R, Jb 5t
e M S B B R A IR A )5 /N BT Flag 525 B Bt 44
(B3111), 3% [ Sigma 2w ; /N Bt - 20 8 (5 v B
Ptk (37008) F1 HRP #7 ic (1 th 2 1/ & 1gG $i 14
(5470), 3 [H Cell Signaling Technology 2 7 ; 7500 Real
Time PCR System, 3£ [E Applied Biosystem /A @] ; PCR
A AL AR QBT A VR A IR 2 W DY Y-8C 2 LK
A%, AE BT N —AX 28 ; Nanodrop # i & 73 6 6 it
2 [E Thermo Fisher A @ ; = W4 L 7381 R 4, 2
Molecular Devices A 7

NOD1 #8255 4HAatR R4 32

B gL 2 N R ER TR B U T B 3R B pe DNA3.1-
NODI1-3xFlag-hygro Jii ¥ . # U20S-EGFP-NFAT2 4|
MM 2 6 om 15 7% ML, 755 240 i 25 52 1k 3 80%~90%
J& , B F Lipofectamine 3000 it 7] £ # %t pcDNA3.1-
NODI1-3xFlag-hygro i ki, #% 4 6 h J& 5 # 41 g 15 77 2%
N 10% FBS B DMEM 1 952 . 2 2 RALAC ] 6 FLAR
AR YT 5 A B 80%~90% Ji&, 5 9% 3L HON I
Hygro 200 mg-L™" f% 10% FBS K DMEM £ 77 3 4k 45
B FR 10 R, MR AR 4 B AR KAB OB 2~3 REEH 1 IR
Hygro (357 3E, 5 EHIEF, ¥ U20S-EGFP-NFAT2 4f
FeRh B [F — B 6 FLAR Y, VE ST HRZH IR i3EAT DA R4 o

A PR R T B AL BT 77 40 PR 40 e D i 10 R
Je WA, R4 I % 2 AT 5 0004, BFL 200 pL

BERh B 96 LR, 9% 1 B S, 76 s T g IRl
s H 0 B IR A R, AR A AR 2 K 3 80%,
100 uL DMEM #% 77 56 7 P40 i 1 X5 WAL 4i i, 25
2196 FLAR 1, 455 40 Mo < 36 )5 K LT Ak, B 43 2 M 3
A1 8 Rl 7E 96 FL 2B €38 IS 40 o AS I AR 3 R A
EGFP-NFAT2 #% ¥ A %5 52 H 14 v B 41 il

11 AR AR Y 43 BT & Sk il EGFP-NFAT2 4% %% A
RN o8 BEAT 2 A R RN 265 20 . 20 PR B i 15 25
15 80%~90% Ji, FEALII 100 pL DMEM $5 77 5 Bt
VRAMA 1k, X HEZH BEFL N 200 uL DMEM #% 77 %
I 404 5L 150 pL DMEM 1% 57 3£ £ 50 uL g %
B (29K 4 0.002 pmol L") BEAH & B (KXW E N
20 mg-L™"), 37 °CH¥ & 30 min. 9% & 45K 5, FALINA
12% I 100 pL, = 3 [ 5 20 min. [A 7€ 45 W5,
BEFLIIA 100 pL PBS 2% M % 40 i 2 7k, 111 J5 &5 AL
BTN 100 puL Hoechst33342 (1 pumol-L™) ¥ ) %« #%
30 min, FH & P IRRAE AR 20 AT R GEAE 10 £ B T AL A% Y
WHTRE, KITRE S TR SRR R . B
REVEVE (%) = (2454 4L 40 B A% ¢ 't i B — o) 1 2 2 P %
¢ 58 FE )T R ZH 40 R R % 5 FE < 100%

LB E 8 PCR (RT-qPCR) #& I & %% 40 ff1 &k
NOD1 mRNA FRikKF  # U20S-EGFP-NFAT2 4 fifd
1 U20S-EGFP-NFAT2-NOD1 £ fifg 53 5] $2 Fih 1] 6 LI
1, K Trizol V282 HU4H H 1 0 RNA, R4t
P 8 o RNA VR BE . DA RNA SRR, #F 1T 30 5% 5%
SEEG, 20 puL 1R AR R W1 5 RNA 1.0 pg. 5x il #%
SEBFZE M 4.0 WL dNTP JE A4 (10 mmol-L™) 2.0 pL.
RNA J #1417 (20 U-puL™") 0.5 pL. Oligo dT18 5|4
(50 mmol-L™") 1.0 uL.M-MLV ¥ # 3 i (200 U-puL™)
1.0 pL, H A& FFH DEPC b BE /K 4 A2 o S B 2% A4 Gl
F:42°C 1h,70°C 5 min. ¥il RT-qPCR Jx 5 5 #)Un
N : NOD1 f 1E ] 5] # : TACTGAAAAGCAATC-
GGGAACT, /2 [1 51 ¥: GTAGAGGAAGAACTCGGA-
CACC; GAPDH [ IE 7] 51 #: GCACCGTCAAGGCT-
GAGAAC, % A5 ¥): TGGTGAAGACGCCAGTGGA .
PLNODI1 A H B3 K], GAPDH A A 2 & [H], 6 I
NODI mRNA M Xf & & . Je N4k & U T : 2xPower-
SYBRGreen PCR Master Mix 5.0 uL.cDNA 0.6 pL. IF
A 51 % (10 pmol-L™") 0.2 pL. & A 51 % (10 pmol-L™)
0.2 uL.DEPC 4bFE/K 4.0 uL. MNIEFEWR: @ 95 °C
2 min, @ 95 °C 155, ® 62 °C 10 s, @ 70 °C 30 s,
® 72 °C 5 min, H FEFREOHAT 1 MEH, TR~
@FEAT 40 MG, SHEOIEAT | MEFF . L2
mRNA X FRIAKF. 25,10 15REE DL F 505
BRAEDIR
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Western blot 5 # Il NOD1 EEH MW RIE ¥
U20S-EGFP-NFAT?2 41 ffi il U20S-EGFP-NFAT2-NOD|1
Y R oy A TR R 6 FLAR Y, fF 4 i 25 B IA 1 90% B,
F & 4 cocktail 1) RIPA 40 g 2 fi# ¥ 100 pL, # 40 M fic
T EP & B B T 0K -2 f# 30 min, 7 B H R
2%, 4°C 12 000 r'min &> 15 min 45 LiE. &
BCA & H € & E M E FIREE, I\ Sx ERE&% i il
J&, S min. FLH] 10% 7355 i 5 SDS-PAGE #i it H
VKGRI, AT UK S ES, EAEE 15 ul (10 pg &
1), 43414 U20S-EGFP-NFAT2-NOD1 41 fii 41 . U20S
EGFP-NFAT2 4 i 2H 1 2 (A 86 B 458 7= 7 41, Ok 4k A
85V, 20 min; 110 V, 60 min. HUF &R I # 5 L 2 R
HEAT B B AR, AR N 2 AR O 40 T 2
4Bk JPVDF 5 2 8 4K 4, 2 A0/ 0 K
SR, B JE I IAE RN A h g AT R B S
I % 1 9 185 V.200 mA.2 h. #EE KRG, BF
PVDF fi§ ] e 3k 5 P13 3 47 20 min B9 3 5, B H
IxTBST #F A7 ¥ ¥, J5 I A anti-Flag 5. 52 [ $T 14
(1:1000) 4 °CHE BRI B IXTBSTiEYE3 X,
K10 min, J5 M HRP FRic B 2P0/ BT (1:5 000)
FEIPEE 1 h. TBSTIE PR3 G &5, FH LA &5
WL B i T % PVDF B LT B giE. B
B 5, H TBST bk, JBE P A2 )= i T 3 % 5 min,
TBST H G MG & . I p-actin—3t (1:1 000) =
IR & 1 h )5, HRP bR i 1L =E i/ BRPTAR (1:5 000)
FEIRMEE 1 h, FIRETERE.

A [F 3 5 71 % U20S-EGFP-NFAT2-NOD1 48 fifg
INEERYEZME % U20S-EGFP-NFAT2-NOD1 48 fitd $2 Fih
T 96 FLR Y, A£48 1.5.10. 15485, ¥EH NOD1 3#3h 7
HE A B2 AT % AL SE 58 VF 4 U20S-EGFP-
NFAT2-NOD1 4H il 52 74 3 14 o S 58 43 20 Je i 5 =0
R S E X A LA 200 L DMEM K 35 2
HEE A EA: LI 150 uL DMEM £ 7% 5 Al
50 uL B & 1 (R E N 20 mg-L); HE 2 M AbHE4H -
FLAI 150 uL DMEM #5 75= 3£ #1150 pL fig 22 4 (&K%
9 0.002 pmol-L™), i i%& A 2 ¥ % U20S-EGFP-
NFAT2-NOD1 48 ifu (1) 3% 20 77 4 85 13 FH T 5 2 B sk
56 B AL NN 150 L DMEM K5 9% £ il 50 uL 4 2 A
(1.25.2.5.5.10,15.20.25.50 mg-L"), J& 4 # 1F [
“NODI1 Fa i Mk A 2R, T S AH X AZ B A 8 50

U20S-EGFP-NFAT2-NOD1 4H il NOD1 Ijj &€ 5§
IE ¥ U20S-EGFP-NFAT2-NOD 1 £ fifd 432 fth - 96 L HX
o, A 4 i 5 R OA B 80%~90% I, NODI % #7171
nodinitib-1 5 3 A4 & H 3L R & A5, 17
A7 5256 PEAy U20S-EGFP-NFAT2-NOD 1 4 fitd 7 20 25

14 NOD1 (I BEE R« S 36 20 20 Bk 75 =00 R
25 IR A B LN 200 uL DMEM 85 973, 37 °CHi?
H 30 min; 48 (AL AH: FEALINA 150 L DMEM 5
FREEM S0 L H B (AW E 7.5 mg' L"), 37 CHE
30 min; nodinitib-1 4 ¥4 : & FLI0 N 100 uL DMEM 5%
725 F nodinitib-1 (29 £ 10 umol-L™) %% & 10 min J&5
IO A (LWE 7.5 mg-L™"), 37 °CH % F 30 min.
J& BB AE [ “NOD1 o i 4 fa bk i Ae 8, v 5 A X%
TR

FJIFEOM LI E RHIE Dy £ s KR, Gl
B {4 >Ny GraphPad Prism 5.0. RT-qPCR SZ 3 5% F] 5
K 211 (one-way ANOVA) Xt 22 41 18] #5478 i3k 47
4t it 43 1, U20S-EGFP-NFAT2-NOD1 4 Jiil 52 {4 i 14
VAN SEU0 K A T AR 2R 18] U3 7 v SR 40 A 71 s — 2 it
28, A LT 2 B R EOR BOR B (EC) -

%R
1 #3E 8 U20S-EGFP-NFAT2-NOD1 724 ¢l ik

pcDNA3.1-NOD1-3xFlag-hygro % %% U20S-EGFP-
NFAT2 4 fd )=, Hygro (200 mg-L™") J& /7 ik J5 & A IR
PR 1A B 95 315 1) 46 MR SRS FE AR MR . 20 I AR
Z B (0.002 pumol-L™) &, i it M % 41 Jiiy ¥k EGFP-
NFEAT2 ¥ 5 A 35 M43 W K IR 4 'S 20 B bk A2 6 o7 35 Pk e
(B ). EFIZRAI A (U20S-EGFP-NFAT2-NODI
Y PR) 3E1T NODI1 33k K A h BERE 7 R 560 IE
2 U20S-EGFP-NFAT2-NOD1 ZHAtl NOD1 mRNA %%
RIKFE

U20S-EGFP-NFAT2-NOD1 2H fifl 7£ 3% 845 44 5~
15 fCHf, RT-gPCR 45 % (K12) f78: NOD1 mRNA Ff %}
F 3k K T A 6 IR 4 g U20S-EGFP-NFAT2 ] 300~
400 f% (P < 0.01, P < 0.001), FikfasE, AR EHE n
AR T W% 52 AR 1 mRNA KF.
3 U20S-EGFP-NFAT2-NODI1 4051 NOD1 & [ & i&
KFE

Western blot 44 5 it /), U20S-EGFP-NFAT2-NOD1
4H M 7] 7E 43 1 5 B 240 95 kD Ab W %2 1 B 2 NOD1 %
i, K IR 4H Mg U20S-EGFP-NFAT2 H 3% A+ il 5
NODI1 & A 4 i (K 3), 1IX — 45 3 $2 /8 U20S-EGFP-
NFAT2-NOD1 4ff fg i} 5 2 & 1A NOD1 £ H »
4 AEHEHFI% U20S-EGFP-NFAT2-NOD1 4 ff1 1)
A

7£ U20S-EGFP-NFAT2-NOD1 4 i | 45 ¥ ¥ 7
J&i , U20S-EGFP-NFAT2-NOD1 4 ffi & % 4 EGFP-
NFAT2 #% % A7, % 6 FURL DL 20 Mo o 9% 5 7 A o8
NOD1 @75 £ B (0.002 pmol-L ) ZHEE 1 (20 mg'L™)
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Screening of U20S cells co-expressing enhanced green fluorescent protein labeled nucleus factor of activated T (EGFP-NFAT2)

and NOD1 (U20S-EGFP-NFAT2-NOD1) cells by high throughout assay. Cells were treated with LPS (0.002 umol-L™) for 30 min. Activity

(%) = (nucleus fluorescence intensity in drug group —nucleus fluorescence intensity in control group)/nucleus fluorescence intensity in

control group x100%. LPS: Lipopolysaccharides
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NODI mRNA expression in U20S-EGFP-NFAT2-
NODI1 cell by real-time quantitative PCR. n =3, X +s. "P < 0.01,
P < 0.001 vs U20S-EGFP-NFAT?2 cells (control) group

Figure 2
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Figure 3 NODI protein expression in anti-flag by Western blot

£ | T U20S-EGFP-NFAT2-NODI1 41 iy J5 , EGFP-
NFAT?2 43 6,75 5t B B AZ A, %€ S JUkL DA 2 i A% 23 A5
N (Kl 4A); U20S-EGFP-NFAT2-NOD1 4 ffl f£ 4K 5.
10,15 #F— 25K fig 22 4 L 208 0 6 NOD (1) 375 AR
H, & B fG Z #i#£ U20S-EGFP-NFAT2-NOD1 44 fif1 1%
10,15 J5, EGFP-NFAT2 A% i {37 1 2. )ik 55 (K 4B), 41
HE N NOD1 i 7E H AR £7 #8 5€ , EGFP-NFAT2 #% #%
£ & (E40).
5 NODI1 #5415 nodinitib-1 %t U20S-EGFP-NFAT2-
NOD1 A0 Th gE £ 0

U20S-EGFP-NFAT2-NODI1 41 ffl #£ 45 ¥ 41 & A
(1.25.2.5.5.10.15.20.25.50 mg-L") J&, 4L & Kk E
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Figure 4 Effects of LPS and histone on nuclear translocation
of U20S-EGFP-NFAT2-NODI1 cells by high throughout assay.
A: U20S-EGFP-NFAT2-NOD1 cells were treated with LPS
(0.002 umol-L™") or histone (20 mg-L") for 30 min before being
treated with Hoechst33342 (1 umol-L™") for 30 min; B, C: U20S-
EGFP-NFAT2-NOD1 cells passaged for 1-15 generations were
treated with LPS (0.002 pmol-L", B) or histone (20 mg-L", C)

for30 min.n=3,x+s

6 #i : 5 S EGFP-NFAT2 m1 41 g i #% 47 21 41 i #%,
EC,, & 9.6 mg-L" (& 5A). 5B.C &, HHEH
(10 mg-L™") ¥ & U20S-EGFP-NFAT2-NOD 1 4fiff! 30 min
J& , B R K B L 5] 2 EGFP-NFAT2 B A% #4 4r (P <
0.001). Nodinitib-1 (10 pmol-L™") i % 45 % 10 min J5
o4 & e, wr RLB R 0 ) 4B B 5 S 1 EGFP-
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Figure 5 Effects of nodinitib-1 on nuclear translocation of U20S-EGFP-NFAT2-NOD1 cells induced by histone by high throughout assay.
A: U20S-EGFP-NFAT2-NODI1 cells were treated with histone (1.25-50 mg-L™); B, C: U20S-EGFP-NFAT2-NODI cells were treated with
solvent (control), histone (10 mg-L™), nodinitib-1 (10 pmol-L™") + histone (10 mg-L™") for 30 min. n = 3,X +s. "P < 0.05, ""P < 0.001
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