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Construction of lentiviral vector carrying neuronal nitric oxide synthase and detection of

the function
Zhu Xianhui, Zhang Lei, Du Ziwei, Xu Chu, Sun Nan,Zhou Yaping, Zhang Yu',Zhou Qigang’
School of Pharmacy , Nanjing Medical University , Nanjing 211166, China

[Abstract] Objective: This study aims to construct the lentiviral vector carrying the cDNA encoding neuronal nitric oxide synthase
(nNOS)of rat and to detect its expression and catalytic function. Methods: The ¢cDNA of nNOS was extracted by RT-PCR followed by
eukaryotic expression vector of CDH-GFP for cloning. After confirming the ¢DNA of nNOS by sequencing, cDNA of nNOS was
cloned into the lentiviral vector pPCDH-GFP for constructing recombinant vector pPCDH-GFP/nNOS. The plasmid pCDH-GFP/nNOS
was then transfected into 293T cells in the presence ofhelper plasmids by Lipofectamine 2000 mediation for packing lentiviral particles
LV -nNOS-GFP. The cultured neuronal stem cells (NSCs) were used to verify whether LV -nNOS-GFP can infect NSCs by co -
incubation with LV-nNOS-GFP Afterwards, LV-nNOS-GFP was injected into the dentate gyrys (DG )of the hippocampus to measure the
expression of nNOS and the generation of nitric oxide (NO). Results: The full length cDNA of nNOS could besuccessfully amplified
and constructed into the recombinant lentiviral vector pCDH-GFP/nNOS. The packaged LV-nNOS-GFP successfully infected cultured
NSCs and neurons in the hippocampal DG. The expressed nNOS was catalytic effective in catalyzing NO generation. Conclusion: The
lentiviral vector of LV-nNOS-GFP was constructed successfully with functional nNOSexpression after infection.

[Key words] neuronal nitric oxide synthase ; lentivirus ; neuronal stem cells; NO
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Wit , = A A— %L A (nitric oxide,NO), NOJ&
— PP AR 2t PR 2R T R, SRR — R A A
25T KRR G4 . NOEN—FPE S
S ILT 58 4 —F AU A B B SGE A vk
B, B AL S ORI A B 51 L 40 NADPH 8%
2 VUEE YA PG O SE R o RS
FEWI KA nNOS 5 s 2 rh AMABSE L RYEICZ R
IR S Z2 P A 2 D) ORI

H #5758 nNOS 119 T) E 3= 22 3L 1 H AL 2% 10 il
FILRNA T R A /N BRAF 7k, A i 3Ra8
SERETIRENE nNOS 19 7 T H . Zif nNOS HY LA
4211k 4 389 bp, PCR B 1) &y 3 BOI L AE B, DA 17 5
G 7 A LA L IE B 56 3% P B e A A s 3 5 o
BT A e vk DU A
FIE#H g% nNOS 42K cDNA , F- H i S He) 2 3118 i
BEAUA T, A0 %645 31 5 7% FE LV -nNOS-GFP, LV-
nNOS-GFP 5 7% BB % 5 AU YLl 22 T 21 Y (neuronal
stem cells, NSCs) FITEAR #2250 , I H it # 35 nNOS
HAMAAA R NO IIRE . A TAENIF5E nNOS 7F
FHOCEE T DI BESR AL T —Fl iy TH.

1 HRFTE

1.1 A

T 9% CSTBL/6 /N (7~8 JE, 22~25 @) L) K
AT dGAER B (B Rt RESLwm sy ) .
293T 24l ff 0 i 28 T 40 i ( i 40 M %) . DMEM/
F12, # 4 F b 55 32 3 B27 (Gibeo 28 H), EH ) 5
TRIzol A8 B 1A% Yk £ Lipofectamine 2000 (Invit-
rogen 3 A , 52 [ ) ; 2xPCR MasterMix , DNA Marker
(JE AR AR A B ) s Xba T FINot T B
PEPI DI . DNA B DGR /N BT Flag-Tag B 5w
SR OB pHelperl.0 (VSVG TG ) 44 | i ki
pHelper2.0 (RSV Joff) # A& | i ki pHelper3.0 (MDL
Jof) (A T A TR B2 A ; BeyoFusion™
Plus DNA Polymerase T4 #4506 ( i3 = RAEDF
BA PR F]) s pCDH-GFP 44 (|- 13 755 WL RL A Ak 2
FARA R F) 3 Bt nNOS £ 58 B Bt 14 (Thermo
Fisher 22 7], 9% [H) ; /N HT GAPDH e T4 ( I
TR LN /) 5 2R P05 TeG BUiR  CEPT/N R TG ik
(IR A D) 5 HAbi R M /i 4l
12 Fik
1.2.1 2mmAEH AR pCDH-GFP/MNOS #) #y 2

P B4 A K U 5 89 145 1K 18] (dentate gyrus,
DG, KA TRIzol IEHEIUE RNA F386 5% 1 c DN A

VRN . AR FE GenBank H ok Bl nNOS 2 K 4115
519, 35 5 25 PCR I AE nNOS JE K7 91 1 N iy
Gl A flaghps . 55— PCR EF519 0 . 5'-GAT-
GACGACGATGAAGAGAACA-3', FilFg1 ¥l :5' -
ATAGTTTAGCGGCCGCTTAGGAGCTGAAAACC-3,
Ci5 | A Not T BEVIN 5, PCR P2 A 4 420 bp,
JEZEAF IR :95 CHUAEE 5 min; 94 C 30 s,60 C
6 min, 72 °C 1 min, J§ 30 ¥ ;72 CLEH 10 min, 2
5 PCR S — 5 PCR W kiR, FlEo |4
4 :5"-TGCTCTAGAGCCACCATGGATTACAAGGAT-
GACGACGAT-3', NIE519°4 : 5’ -ATAGTTTAGCG-
GCCGCTTAGGAGCTGAAAACC-3' ,N¥#5| A Xba |
R A5 ag 25, PCR =4 KB K 4 453 bp, U
2T 195 CHIZEME 5 ming 94 °C 30 5,56 °C 6 min,
72 °C 1 min, JEFF 30 ;72 CLEMH 10 min, PCR =4
AT 193 RE M EE I FL UK , 22 AU ASCT U102 el i
4 453 bp AL EEHL , DNA B2 [T & [ e
Yo 189 aEEA pCDH 5 H S A Xba 1 \Not 1
WIS 1 P A2 i P9 1) Tt L), 190 B R AR 26 Js L 3k, V)
JEE I H ) R B o FH T4 3 B2 RpK 129 2 2% A& pCDH
5 BRI  BRE i b2 SBI3 ISz A iR
RO EAR, PRI TR TR AR SR SR R
1A PCR J7 =20 e B Fa b, 26 250 P 285 o I 1
B B BE kA 44 4 pCDH-GFP-flag-nNOS/StBI3.,
122 BImEBIKLV-nNOS-GFP 49 &% Fa i ] 2

V412 0 B UKL 1Y 2 2H 955 2 BURL (LV-nNOS-GFP
JEKE ) FJECRE pHelperl.0 (VSVG JT 14 ) 244 | i kL
pHelper2.0 (RSV JT4) #ifA | B ki pHelper3.0 (MDL
TO) BAARIX 3 Pl By A ke STk 2 AR ok o S A T
PEBY A Hh4E , I BH B 7 B8 i I Lipofectamine 2000
LAY 203 T 4HMI , 54 UL S5 8 h B4 Ry o et bk, 45
FE 48 hi , WA & 75 1% s 1 0RE 1) 40 A 135 W, X
e AR 5 45 3] 15 T B 1S TR MR 45 T, TE 293T 2
JiL SR 2 FLAR RN 2 A e o BT o
1.2.3  nNOS & ik #n|

MALER YL 1 293T 21 i 4R LR IR . R
AR 20 wgo K Western blot 1) J7 2 #E 4746
I, 43 SR nNOS 43l flag 431
1.2.4  125% 3B 4 ib 2 F n fo A= 2937 2 i

B 9% 203 T 4H M AN #2240 AR . 293T 4 g 85 5%
Z 60% , I 25 W 48 W LV -nNOS-GFP &% ,4 d 5
Tl N MERZEE, MR . JEAC 2T g B 7 4%
FIE DA LV-nNOS-GFP Bt , 5557 4 d J5 AR
INFNIGTEAE L o
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g/ INERURR I 18 2 T 5 2 o FAR &, LLRT X
S B LIS DG AL (RS —0.28 mm, 42
£7+0.25 mm, | F-0.29 mm) , PEET 5 S8 1 T 4
B, FELS min JEHRER , /DNREER G IR IF RS
1.2.6 LV-nNOS-GFP it & A #5iE

1E/N B TEE 55 DG X 33 5 LV-CON %5 2 F1ik 4
ALY LV-nNOS-GFP 5, 7 d J5 F2 BN DG X figg
HE, —PiRPnaNOS(1:1 000 Fi ke ) , “Hi Fhith
IgG (1:2 000 % % ) , K I LV -nNOS- GFP fig 75 fiff
nNOS IRk,
13 “it¥FriE

I FH Statal 1.0 Ge T H 80, Jor 3 $500E 39 F ¥ 8+
brifE2s (x =), R K, P < 0.05 W ERAH ST

2 &

2.1 BRAFBARpCDH-GFP/MNOS # PCR %2 A=l 5+

IEHAE R B DG X 4L 405 1 33 sy SR As 4
£ nNOS 7 Be (& 1) , i3 3 PCR J7 2U7E nNOS N 3
1 A flag b2 T Xba 1 BEYI07 15, 7 C diddi A Not 1
it V) 51 13 (& 2) , PCR 7= W) 22 Tl V) 5 1% 3 15 4014
pCDH-GFP % , %1k 1832 25 SiB13, BRHR 6 1~ v b
BEBLZR 5 1~6, AREHR 557 , R B A PCR I
YerE B TERE 2 5 3 565 (A 3) , I F45 R
(18l 4) & B 5 20 k7 flag-nNOS ) DNA J¥ 51 5
GenBank " K2R B 4 7 51 — 20, HLEEHE IEH , flag J¥
S R IE A 4 A E nNOS 781 (4 N St , T IE 32 112
WA pCDH-GFP/nNOS Y s EF
22  FMJF A pCDH-GFP/MNOS %5 4 293T 48 it j&
# 3¢ A

H 5 %£ H nNOS fil & GFP 3k [/ 3k . pCDH-
GFPMNOS FU4 Bl ook 2 [F]5% 44 293T 40, 55 44 Je
48 h 7] DL 29O 630K R, DOt B it
(El'5),
2.3 Western blot #- pCDH-GFP/nNOS #9 & i&

pCDH-GFP/nNOS Fi4 By Jiokr e [ 4% Y 293T 41
Ji, 48 h Ji5 $E HUAH AL 2K 11 i BT nNOS It FLAG
— Wik T Western blot #6101 FiZ 484K & i
flag B JFF , FIFLATT LA FH flag 3K B e H (85 11 1Y 2834
TEBL o 255 B 7R control 2H (TCHE YL 4l ) oS 4R 4H
JC 4 , pCDH-GFP/MNOS % Yt 28 7] L WL £< 5] 170
kDa Ff 3 4b A 47 AE 25707, HO/ NN B BE Rl 2R
HAW A (E6). BHIES IR (Positive) i 7R flag 17

4000 bp—
3000 bp—

1:DNA Marker;2:nNOS,
El1 RT-PCRIEF=HHIBIKLER
Figure 1 Electrophoretic result of RT-PCR amplification
product

4420 bp— k'_—‘_,J
(-

— 4000 bp
— 3000 bp

1:nNOS;2:DNA Marker,
2 E—HPCR™Y
Figure 2 Product of first PCR

1~6: 1~6"5 5Ef% PCR 455 ;7. DNA Marker; 2.3 .6 ykifi A FHE 7E 5
El3 Flag-nNOS f PCR£7E
Figure 3 PCR analysis of Flag-nNOS
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A File:ZB17011300398(n4)3P(011300398.P)[010905253 ] _Z_A07.abl Run Started: Jan 15,2017,4:57:17 Signal G:628 A:1144 T:1035 C:1487
Sample:ZB17011300398(n4)3P(011300398.P) Lane: 63 Base spacing 14.71 1001 bases in 12139 scans Page 1 of
10 2D 30 40 S0 &0 70 LT EL] 1a0 110 120
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File:ZB17011300398(m4)3P(011300398.P) [ 010905253 ]_Z_A07.abl

Run Started: Jan 15,2017,4:57:17

Signal G:628 A:1144 T:1035 C:1487

Sample:ZB17011300398(n4)3P(011300398.P) Lane: 63 Base spacing 14.71 1001 bases in 12139 scans Page 1 of
EED] BED 870 BED EEL 300 B 320 530 Fa0 350 ]
CATGACTTCCGAGTETGG AL CT CECAGCT CATC CECT ACECBEECTACAMGCAGE CABAT GECT CTACCT TG GEGEAT CCAGCCANT BTGCAGT T CACGEAGATCT BT ATACAG CAGH

P - e A

AP 2528 (B3 ) s B Ja 2B - PP 28 2R iR A1) o
4 LV-nNOS-GFP §Jill 5 4> #
Figure 4 Results of sequencing of LV-nNOS-GFP

A
A HIRLET ; B ZOLAET
E5 M Flag-nNOS B 293T ZHAf (x100)
Figure 5 Fluorescence analysis of Flag-nNOS in 293T cells
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1.8: Marker; 2, 7: J56 YL 41 293T;3.6: 45 4 /& 41 ;4. 5: pCDH-
GFPMmNOS#Je4
El6 Western blot#:illpCDH-GFP/nNOS &i%
Figure 6 Western blot analysis of pCDH - GFP/nNOS ex-

pression

A

293T 21, 3 k5 75 1Y BB (K 7) o
2.5 RFAFETmietoR S Rk D g 6 R Ak

FHLV-nNOS-GFP /B A HFHBE I NSC, 3 d
JETEDOL WA LS i B AR NSCRCR R
U BRI TR B AR ST A e A R 5 ) /N U S DGL T d
JEVE V) R SR e 1 AL /N B 5 DG 2 ifd
R (E8) , X Le 45 R B LV-nNOS-GFP HA 84t
OJASEES €
2.6 LV-nNOS-GFP & % J5 nNOS & & £ i 49 4L
Faker |

A3 528 /N BRI T DG X 5 LV-CON Ji 2 A1 LV
-nNOS-GFPJi#E, 7 d J5 82 UM DG X ZH 2L 7
B AREAKZ I, 73 5 LV -nNOS - GFP %5 B 1) /)8 B
nNOS 5 [ # ik &8 B o = TR ST LV-CON Y% 5 (19 /)
B, [RIF , VR LV-nNOS-GFP G 7 F /)N Bl flag F63K 1E
# , LV-nNOS-GFPJR # ik A £k (1819) .
2.7 LV-nNOS-GFP & % J& NO 42 4y T4t

A3 45 /N BURE 5 DG XV B LV-CON J5 2% Al
LV-nNOS-GFP i, 24> A JE - BUNR I DG X 4147
PEAT NO & B A, 7 5 LV-nNOS-GFP % 5% 1 /)N il
NO & 5 TS LV-CONFRHERY/NMR (K 10)

G
A BARFBEMEE (X100) 5 C. D« A BEIILE (x200) 5 A \C: LR s B D - SEOLHET .
BE7 NN LV-nNOS-GFP B 293T 4HA0
Figure 7 Fluorescence analysis of LV-nNOS-GFP in 293T cells
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A JRYPRZ T2 (x200) 5 B /N U 5 DG XA (x100)
B8 %A LV-nNOS-GFP B 2240
Figure 8 Fluorescence analysis of LV-nNOS-GFP in nerve
cells
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Figure 9 Detection of protein expression of nNOS
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Figure 10 Detection of concentration of NO
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