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Establishment of a screening model for compounds uncoupling the
interaction of nNOS with PSD-95
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Abstract: In ischemic stroke, increased level of neuronal complex of nitric oxide synthase (nNOS)-postsynaptic
density protein-95 (PSD-95) plays an important role in neuronal damage. We aimed to establish a screening model
to identify compounds capable of uncoupling nNOS interaction with PSD-95. In this model, human embryonic
kidney-293T (HEK-293T) cells were transfected with either pCDH-Flag-nNOS or pcDNA3.1-PSD-95 plasmid
to obtain the protein of Flag-nNOS or PSD-95. Incubating Flag-nNOS with PSD-95 causes formation of the
nNOS-PSD-95 complex. ZL006, a known uncoupler of nNOS-PSD-95 interaction, can disturb the interaction
between Flag-nNOS and PSD-95, serving as a positive control. The method coupling antibodies to magnetic beads
with glutaraldehyde was used to decrease the cost and increase the efficiency. To establish that our model is
suitable for selecting nNOS-PSD-95 uncouplers, we evaluated the ability of IC87201, another reported uncoupler
of nNOS-PSD-95 interaction, and structural analogs of ZL006. IC87201 and one structure analog of ZL006
showed uncoupling effect, supporting that our model can be used to select different types uncoupler blocking
nNOS-PSD-95 interaction.

Key words: nNOS-PSD-95; uncoupler; ZL006; screening model

ek H - 2018-10-16; &1 H 3 2018-11-17.

FEGIWH : K FARFHEEE GBI E (81373895); TLJ3 A S5 AR AL BT GME I ZR 1T RITHE (201610312048Y).
*JW T # Tel / Fax: 86-25-86868480, E-mail: zhangyu@njmu.edu.cn

DOI: 10.16438/j.0513-4870.2018-0935



gk S LAaNOS F1 PSD-95 AH ELAE FH S BEAR (14 fife R I 7] 07 i A5 284 (1) 522 3. - 639 -

o 25 R I AR T R A R R S A o T UL B
M, B m SRR A TR R, R A E
AFeAgRR, Forr B v 25 4 TARKE I, B AT
FEA, E SR R AE B N BEROR B A E R, A
JCN-HBE-D-R [ T4 2 B8 % /& (N-methyl-D-aspartic acid
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nNOS #1 PSD-95 A H./E H /2 i id & ML 1¥) PDZ-
PDZ 45 /) BT/ 5, Bl nNOS (1] PDZ %5 #4) 35 4E fe H1 ()
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MRS R ARGHE, I B E LR
Fo o), S5 35 Vil ARSI B A BRI Tk
WA B S IR A H KSR R B (glutathione
S-transferase, GST) pulldown Fl4ZH:TIE (co-immuno-
precipitation, Co-IP) 558 8] ¥ 2 Wt 7t 2 1 i AH B.1E H
1T 2 A SR I 7 7%, AW 9T 45 & GST-pulldown Al
Co-IP [ BEA J5 3, I B J0A% 2 A i R IA 1A &, o 3t
i E 75 IR nNOS-PSD-95 5 &4, Fi 45 T i A Bk 771
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Dok E A T A TREA R AR, GST R M2
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AR WM EARE R AR, %A pCDH-Flag-nNOS
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AEAMRIERER & A pGEX-4T-1-nNOS 33 it
KL A& 4 PSD-95-PDZ2-GFP Jii i i K i A1 B H il
B 4% 101000 A2 5 mL &4 50 pg - mL' &
B 2w M LB AR 72 5, T 37 °CHE IR H 180 r- min™!
PR . W H K W% 12100 i\ 3] 300 mL &4
50 pg - mL' 2R T & 2R 10 LB Rk B 9% B gk g 5
7 2.5 h, IMAFLBE 37 (KW EZH 5 mmol - L),
TEAFESEZE. 5h)5 GST-nNOS, ,, BEHE A E
EHENFE W, 1500 r-min B OUEME, F10 g
P AR E BT 100 mL B A 22 A 2% i [(50 mmol - L
Tris-HCI, pH 8.0, 60 png - mL' % 1 8, 0.5% Triton
X-100, 10 U-mL" DNA Ji§I, 1 mmol - L' 2 H & fisf [t
. (PMSF)] ', )R Z ¥l 2 7K. 4°CF 12 000 r- min’'
20 10 min, Y5 LG T 54505 .

B AE 7R RS 2 K Flag-nNOS, PSD-95,
(His);-nNOS _;; EERIIZ AN HEK-293T 4l i & #L 15
TR EH 1% 5 H = MRS R K 10% it 4 13 1
DMEM ;77 %, B T 37 cCHEHEMFH , BAEH 5%
CO, f195% O, IR &< o FRAAET 10 cm AL H1C
A Ik 3 70%~80% I, F F Lipo6000 ¥ 4% i 71 ¥
pCDH-Flag-nNOS .pcDNA3.1-PSD-95 . (His),-nNOS, 1
JFRL 3 ) 5 e B HEK-293T 4 g, 6 h J5 B8 i e 15
Frdk. 24 h G HURERFRIN, 77 R 8597 2k, FH 74 1) PBS
TE PR3 U, 4] SR 408, i\ 3 mL RIPA % fif i)
HE YL E, B K L 2#E 30 min, 12 000 r- min'.
4°CHEL 10 min JEWUSE S S EHAEAN LG, HT)E

GST-pulldown B 120 L 25 I H ok 44 i VR 20,
FH %4 PBS 1 ¥k 3 3, 5 6 mL GST-nNOS, ., 41 B 24
fR T 4 CCHIBEIVR G E 6 h, 3 LG, A 3 mL
PSD-95-PDZ2-GFP 4 & & R Wil T- 4 *CHIEIR & 1 &
MR, WH, 7 L3, FA PBS i vk 3 kg 5, 1
&4 1.5 mL EPEH, #R EIF, 200 pL {4 PBS
=R, 2 BIIN ZL006, fii 2 289 FE 43531 N 3060
90 pmol- L™, 4 °CHIE/VE &7 & 8 h.
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4000 r-min™ &0 3 min, /MO 190 uL b 2 T4
EP & H, I 50 uL 5x 85 [ B REGR P, I A b
Ji€ 30 s J5 100 °C & 5 10 min, 1§ 8 [ i 78 0 A2 1, R )5
4T SDS-PAGE HLUK, ik &5 W Ja F 25 1 M7 5 W Qe Wi
Pt 7, Yk H BRI )E, HER.

(His)¢-nNOS, 3, & B BV SR A 24 R AR IMRFEEL 2
I HU (His)e-nNOS, 53 2 A 1 mL 535 ¥ J5 1 120 uL
R AT NI-NTA 24k A 35 E 6 hJi5, 4 000 r-min' 55
O, 3 B3, T4 PBS I Ve JIE 33, 1 mL PBS &4
Jig, #14r 2 44~ 1.5 mL EP & 1, 4 000 r- min™' &0, FF
R L3, 200 pL T4 PBS B2 ig, 25 0 A\ ZL006,
fifi 2 2R B 43 531 N 30,6090 pmol - L, 4 °CHi 3] VR &
B E LR . KH, 4000 r-min' B0, F T, HEDOR IR
FA Y4 PBS & Ve 33, A 1< A LR ve i 85 (1,
MTEBA ST R,

ETF Co-IP RIEM K IMNEIBELSCIIE 12 1:5000%
Flag H/4 5 Flag-nNOS & HA IR A (S 44F1200 pL),
4 °CHUEIJE A 1 h, NN 200 pL % 0% R Bk L 08%, 4 °C i
R A F A . T4 PBSTEVEREER 338, I 200 uL
PSD-95 H H AW, 4 *CHUER &M & 8 h, 3¢ Lk, Tl
7 PBS 5 BE G2k 3 3, SR J5 B G B R ER B A 5 oy B
4/~ 1.5 mL AR Bt B0 H, 200 uL PBS R0 AER, 0
N\ ZLO006, i 2 2834 £ 43 514 30,6090 umol - L', 4 °C
HER A E L

EARBERENE B H R IREER, 7725 B, T
7 PBS U6 336, I\ 40 uL H &R AW (100 mmol”,
pH=2.3) JeMt, LRI M 4 pL Tris %4 (1 mol- L', pH=
8.0) HF A, B HL_EiE, InN 10 pL 5x & 1 L RELE ph ik,
WAL I iE 30 s 5 100 °C 3 5 10 min, 1 & 14 5 78
4348V, 34T SDS-PAGE 43 & ), #51EL, 5% i IR Wk =
M5 E P 2 h, HLaNOS HLik (1:500) F14i PSD-95 i #
(1:500) 4 °CHg & i %, PBST 22 ph PR JEE 5 %, I
HRP #5111 = ft /N B P& (12500) 37 °CHEH 2 h,
PBST 22 M Ve 5 7k, ECL AL K6 B i .

Flag iR &L HEEHIZ SRk E KL —F
“w FH T () 2R X0 T B A2 T R, B D 1 1 B O AT o T R
Schiff il HRP 5 Hi 44 DL LB M i #2k R UL, AR 5T
¥ Flag ik 5 10% B Bk 18 2 3% 18 1050 19t o] 1
4 °CH#E 8 h, fili Flag fL A M M REER b PiAk &5 & 41 A,
B8 Ji5 K 2.5% % % 43 10 I NHLRT T Flag 344 (6 1
BRIBEE A, TR 10 pL, BT FERFSE2 h, Z Ja ¥t
PR ¥ % % pH=8.0 ¥ Tris-HCI 2% i £ 71 /F A1 30 min, 5
A PBS VE 3 K, £F K 5 min, 57 {517 4 PBS VAT T,
KIARFE T 20% SBEH T

HIEAIE A E R 3R L, B R e e

5% F Image JHEA4T B85 £, 2048 7 B K F Student's
t testo
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Xl

i 95 % B, nNOS 11 N ¥ 133 /™2 & g #1 PSD-95
ff) PDZ2 # ik N & nNOS 5 PSD-95 £ & [ i 11921
(E 1A), #1-F nNOS A1 PSD-95 # Wi K A E A,
DAL I 75 S W 9 ) 46 B B 0ok 5% 3R 18 1 GST-
nNOS, 5, f1 PSD-95 &5 #435k F B 2 (4 PDZ2-GFP 1 A
W 5E 5%, A FH GST-pulldown $3 A G 7. fif H8 156 77 7 12k
RER, [E 1B A CEW DRI IE T GST-nNOS, 5,
PDZ2-GFP H 41 & [, K N HE 4 5 [ GST-nNOS, 5, (£
43 kDa) 5 GFP-PDZ2 (%) 45 kDa) 4 T Jii &= # it ,
SDS-PAGE HL KR HME¥E PR & 43 I, B LLACHIT 7 3 ik %
SRR G LIS i 3 PDZ2-GFP 2 & R0 iR
WA R, | 1D A AE ZL006 T4 F, AN fE 5 GST-
nNOS 5 4 & 1 EiE B 1 PDZ2-GFP A & . 45
H IR GST-nNOS, ., Al PDZ2-GFP [a] /7 {F £ [ Jii A B
PEF, A2 I NS [R] 94 B2 119 ZL006 FAS BE A7 2k b BH W
GST-nNOS, ,; f1 PDZ2-GFP {55k .

T HEBR 5250 4 4 FT RE G R e 22 5, B R 5
9 GST 3% (26 kDa) K, T nNOS 3, 45 19 38 1) %
FROR AR 2 5, 2% Z1L006 45 A A A, 843 ZL006 A~ BE K
VERRARICRUR . T E R (His) AR 20 6 MR R
R, SEmaE /N, BRI AR 7 S5 A8 FH 20 SR s 25 SR AR
A
2 HEK-293T 3% (His),-nNOS, ,,, ¥ PSD-95 g%
SN PR IR B

TE )G 22550, ¥ GST 5 28 58 4 4 /N 1) His A
2, FECA T B EZREE AT E TS BEERIA
A A REAEAE I 22 S, P L AX 4 M R IE 1) (His),-
nNOS 5 BT R A ST . T HEK-293T AR KA
nNOS ] 3 3 1 77 7F PSD-95 K1 £ i5, K I A HF 58 )
#9770k (His)-nNOS, 5, FUR FE N HEK-293T 41 Jifg
o RO, RS E A, R AR A ik (His), -
nNOS, ;[ [F B PSD-95 i 2 B4 4E . PR 4 T
AN TR AR B 1) ZL006 Ak HE 5 L 40 i 12 h, {H 72 475 58 Jo i
BHWT (His),-nNOS,_ 5, F1 PSD-95 [\ 4] HAE ] (K 2A).

I 2 15 S A A AR T 2 I FE R2 I T ZL006 (1 fiFE
AR FH, DR A Wt 0 1 48 B 3R R b B 2 D N AS [
FE 1) ZL006 14 41 4b BE 8 h, B 5 8L AE 4> & (His),-
nNOS, 55, 45 R B n % 47 (His),-nNOS,_;; f1 PSD-95
IRB IR R A% g M2 7 (K 2B).
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Establishment of screen model targeting the domain interaction between nNOS and PSD-95. A: Mechanism of the interaction

between nNOS and PSD-95; B: Induced expression of GST-nNOS, ,, in BL21(DE3) containing pGEX-4T-1-nNOS, ,,;; C: Induced expres-
sion of PSD-95-PDZ2-GFP in BL21(DE3) containing pET-28a-PSD-95-PDZ2-GFP; D: Uncoupling efficiency of ZL006 in the protein inter-
action model of GST-nNOS_,,,-PDZ2-GFP. 1 = 3, x + 5. nNOS: Neuronal nitric oxide synthase; PSD-95: Postsynaptic density protein-95
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Figure 2 Uncoupling efficiency of ZL006 targeting interaction of (His),-nNOS, ,;; and PSD-95. A: Uncoupling efficiency of ZL006 in
HEK-293T which co-expresses (His);-nNOS, ,;; and PSD-95; B: Uncoupling efficiency of ZL006 in protein interaction model of eukaryotic

expressed (His),-nNOS, ;; and PSD-95. n=3,x £ s
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SR AL T nNOS 1 N ¥iig J Bt K PSD-95 ] PDZ2 45 ¥4 35,
ERARE TR ENAE A TELEMNILFE S, Hik A
W 70 5% R B A% R34 19 42 K nNOS fl 42 K PSD-95

HEAT R R ST

Co-IP 45 1 W, 7£ HEK-293T 41l i  Flag-nNOS
fie 5 WYRYE PSD-95 & AR 8 AR BAE A, H ZL006 fg
8 A 2 AR 1 AR T 1 o R R IBG (11 3), 13 B ZL006 fE FHL
t7 45 K nNOS F14: K PSD-95 [a] (i 4 HAE FH, thidk— b
PEAIE T 45 5L 1.2 Hh R A SRS 5 I B

B T 75 0 8 368 A A W E AT 0 18 3 7 A PR R S
FER RIEBONEB, I BAEEY KA 7% 75 E 5 ik
A Py s I AE B G 1 1) R, DR AR A 7 55 i S AN B
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Figure 3  Uncoupling efficiency of ZL006 in HEK-293T which
co-expresses nNOS and PSD-95. n = 3, x + 5. "P<0.05 vs control
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VR, s AR A L E U7 2 SRR E A . SRR
AL A R R KE Flag PR RS BXLE Protein A/G G ER
b, BT S BREER A E B A

gE IR KW, B R Flag UK S MWL ER BE A 1R
1312 51 Flag-nNOS-PSD-95 & &4, I H. ZL006 7£ —
SE VR JEE S ] 1A B 0% 94 52 40 6t s BHL ST nNOS AT PSD-95
HIEAEH] (1 4A). Flag b5 % 4l A6 14 Bk 75 42 1 pH 8.0
Tris-HC1 H 1. PBS & ¥k 5, FF R H 5256, 1558 e 2
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VYA H a4 BAA s K 45 & % (K14B).
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)18, Hm i BH B nNOS Al PSD-95 [ A1 H.AE H & %
AR e . &5 R SA Fios, EAHF 78 L il
R 1C87201 tH E & 4% 38 ALL ZL006 HY i 5 BBk A
BE— PR TR AR T — . IF HASEER %= R A
G EEVE N 2 e ik T 4 N 5 ZL006 45 ) AH
LEIA &, 73 99 9 B2 B 5 (palmatine) . it & 45 2 B
(dehydrocorydaline) & & 1 (hesperidin). [ Jii 2 £1 B
(chelerythrine). HE4E ZLOOG fif I R ok B A s, 5 4
AMMEE VI TAE W 13N 90 pmol - L 34T f # B S
PRV, &5 B R (A SR L0 AT BT ) AR AR G R R
(K 5B).

DL b 25 SR B, A58 B8 FH T nNOS-PSD-95 fi# #
FER TP 075 32 o

g

nNOS 1 PSD-95 [ AH B A1 72 i 2 1 % A8 ke
T LA, B ORILCUR, B2 BRI TAEE 1)
EA. WEREM, T4 nNOS Fl PSD-95 (A HLAE I fig
TR U b o i 2 vp 5 L AR 284, HF AN = R s
PREE IR 5 AR BRI 7 AR AN R R 2SY, TR S 7
H HOGCHE i AL/ IN o) T AR REIAL 5, a0 1C8720113241
ZLO06! 21, (H P Fh 2454 HAT S /K MUK, AN 5 i85 1
oG 7 e F R o, T B IE O 5 M O BT R I AL A
TR B IR & SRR R &4

T 0T ) S5 R R it 9 AR 1 A B ) E A
w IF HA K A RS [F) 25 A 4k 2 A A7 A5 5 AH L RE I,

Binding efficiency (fold of control)
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Figure 4 Improvement of screen model. A: Uncoupling efficiency of ZL006 targeting interaction of full-length nNOS and full-length PSD-

95 in vitro; B: The binding efficiency of antibody magnetic beads during recycling. n =3, x £ 5. "P<0.05 vs control
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Figure 5 Uncoupling ability of IC87201 and candidate compounds. A: Uncoupling efficiency assay of IC87201. B: Uncoupling efficiency

assay of candidate analogs of ZL006. n =3, x £s. ‘P<0.05 vs control
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Figure 6 Schematic representation of the screening model. The nNOS-PSD-95 complex were formed by co-incubation in vivo, then ZL006

candidate uncouplers were added to disturb the interaction, and Western blotting technology was used to evaluate the uncoupling efficiency
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