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Signal peptide of human nerve growth factor is better than signal peptide of mouse nerve growth factor in

mediating secretory expression of beta-endorphin
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[ABSTRACT] Objective: To clarify whether the signal peptide of human nerve growth factor can mediate secretory expression
of beta-endorphin and whether there is difference between the efficiency of signal peptides from human and mouse nerve growth
factor. Methods: Two kinds of eukaryotic vectors containing human or mouse signal sequence-mediated secretory expression of
beta-endorphin were constructed. The culture supernatant and cells were collected 48 h after NIH3T3 cells were transfected by
the two kinds of vectors, and the cover slips with single-layer cells was prepared. The concentration of beta-endorphin in the
culture was determined by radio-immunoassay. The total RNA was extracted from cells and mRNA from fusion genes was
assayed by RT-PCR. Cells on cover slips were subjected to immunofluorescence staining. Results; RT-PCR showed that the
fusion genes were expressed in NIH3T3 cells; the expression of beta-endorphin was mainly in the cytoplasm of NIH3T3 cells.
The concentrations of beta-endorphin in the supernatants 48 h after transfection with pcDNA3. 1-hEP and pcDNA3. 1-mEP were
(280.33+24.16) pg/ml and (191.04=47.96) pg/ml (P<C0.05), respectively, and they were significantly different from that of
the blank control group (P<C0. 01). Conclusion: The signal sequence of human nerve growth factor can mediate the secretory
expression of protein and the efficacy of human signal peptide is higher than that of mouse signal peptide.
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Yy 55 Fe B 5T ) 0 — B R S Y JBOBE AR 1 (the
integral membrane glycoprotein), J§ & 5 5 i T
(translocon) &P T . 42 P BT M | B 15 5 ik A2 44, X
SRS U B 5 — AN R AR AT B
o ) i B B S A B R SR AL EE RS SR L R
FURI AR 5% 26 R B B R SRR Y R B
BERGE AL R AF T IR R E AR T KRB R AE T
AT F BT I By mT A W 2 L OF
BRI N N S ME B R — A & s
S5  N-ri Ay 1 H A7 A 20 HE R AR BE P 4 (n X, 1~5
ANEIEW , bR BT K R L (h X, 7~ 15 A2k
M), LA e C-diml & — D HATE 1AL 3 A2 R AR 1%
IR ALK BE (n X ,3~7 NEIERD .

AR H HTA RSB G T 4 A K ISR 0 S
kAR IE L H 2 A O H R I8 7 81 b A5 5 IR 51 9 41 3E
R, A SMIF T K A A 5% 4B C I 52 BRLUE i+ 28
R P55 IRRE S A 5 p- P MIE R 1 43 0 6 5K
NS N A AE BRI A 2 A K I 15 5 KT 50
X IO AHL 1 T8 AT 32 IR X L 4 B B 5 L I O
I HL3X WA X N FF F TE 5] 5 43 WA 3R 3K I 8 AR 0%
KRIUL BRI TE . TEARBETE o VR 55 B e NS
PRI 20 SR IO R i 28 4 K B 715 5 RO 91, O 7 I A
filh FoRF N B-PA ME JIR 1 2 35 17 81 55 22 AR (] I 7 4
SALTRINT Furin 7K ff B 09 35000 )5 50, NI BT
RERS 7P AR IB N B- I MERR A il & B K, BFE 45 2Rk
SN e o N v I I (IR 7 NS 1 e 2 A
NIH3T3 40l N5 g- MRk 59 73 R ik, 5 IR
F T IRAE RO — 2, B NIRAE 5 Ik iy 4 &R 2
TR K

1 MBFFE

1.1 BHZEatifemiizik Escherichia coli DH5-
a R (Gibco BRL, UK)E LB £ 3% 3 v i 17 55 5%
A A PR AR ARG M Tk, B
F T ATCC(Manassas, VA, USA) K NIH3T3 4i
MAE & A 10% BG4 i (PAA, Germany) I
DMEM(Gibco BRL, UK) H1 8% % , 52 46 v 5 41 B A%
IR BRI Yz A M S AT AR OGRS T

1.2 PCR R mAitreg#l & M1 ZEEHENINE
BRI L B & EDTA /Y250 8 5 B 300 ] #
Jik e A B 0% N L i Tris-Cl(pH 7. 6,20 mmol/
1)900 pl RGBS EERIFF 10 min, 13 000X g
B0 20 558 20 pl BIESMR R EEWEN AA
JL 5 Jin oK 3544 1) 40 2R 600 pl RIS 3 pl B
FIE K, 55°CHHEEA 3 h 2 i e #E =M. 3

pl JC RNase ) DNase,37°CIFH 60 min; B &=
WG 200 pl BERR B, RIZIR GRS, T 4CF
13 000 X g 4.0 3 min; LIFH A 600 pl 779 B
HEOENRAFEEIRL3 000X g B 1 min; 7 b
5 1 70% LB 600 pul, BUEI B, %3 T 13 000 X g
B0 1 ming 3% B2 BT DNA JUIE. A 100 pl
TE (pH 7. 6) ¥ i il 745

1.3 RBaFEhamE MIFEARMZERETH
T AR T 2 &5 E Rl 1 5'-CCG
AAG CTT TTC CAG GTG CAT AGC GTA ACC
ATG TCC ATG TTG TTC TAC AC-3' [ 514
I 5-CGC TTG CTC TTG TGA GTC CTG TTG
A-3', BU1 pg NEEH 4] DNA BN PCR B Y B
#2, PCR JZ W #E Primer-STAR polymerase ( TaKa-
Ra) 16 T # 47, Z % T . 95C 3 min, 95°C
0.5 min,58°C 0.5 min,72°C 0.5 min,72°C 3 min,
AT 30 NG W AT HLIKE T QIAquick gel
extraction kit(Qiagen) UL 392 bp K/N#J DNA K
B, R 2 519 DR Bk pTCNE Py 3k BUA
B-MMERK 9 DNA J¥ 1. iE [ 51 % 11 5'-TCA ACA
GGA CTC ACA AGA GCA AGC G-3' I 1 5] %)
I 5'-CGC GAA TTC ATT ACT CGC CCT TCT
TGT AGG C-3".PCR W Z 4t F . 95°C 3 min,
95°C 0.5 min,58°C 0.5 min,72°C 0.5 min,72°C 3
min, #4730 DM, W #HATRIKE H QIA-
quick gel extraction kit(Qiagen) [FI 132 bp K/NHY
DNA H B, B0 2 4~ PCR B W= ¥R &R 1E N
95 3 4 PCR R MY IEY . 51 W) R e m 514 T F1 )
S, R 280k :95°C 3 min, 95°C 0. 5 min,
58°C 0.5 min,72°C 1 min,72°C 3 min.,3L#E4T 30 4>
TER, 7 W) #EAT L VKOS TR RE 1T 499 bp K/ DNA
REBLREHR S Hind |l F1 EcoR T (NEB) {H 4L B VI 5
i AF| pcDNA-3. 1 (+) (Invitrogen) N 7= 4 1 AR
AR EFESIKG S0 3R K N B~ ME K Y L%
FIR AR pcDNA-3. 1-hEP, JIE [ 514 1 F1 )[4
5140 11 AR Bk p TCNE PN 2K B BRUJR i 28 2F K
H 55 K51 550 W R B Rl & 5L B R B PCR 2
NS BEET P24 Hind [ f1 EcoR 1 (NEB) 141k
il U1 J5 W RE AR A3 peDNA-3. 1(+) N i i BLUIR #
SR A5 IRG] 0 RIE N -PIMHE Ik ) B A% %
K AR pcDNA-3. 1-mEP,

PV PCR #k E BH M 5 B . DNA I ¥ 31 5% B A%
FEIBEAR IR A B R 3k R B IE B B S pcDNA-
3. 1-hEP.pcDNA-3. 1-mEP #1 pcDNA-3. 1(+)3 4
AR AT K E P 1, I+ H Qiagen Plasmid Mini Kit
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(Qiagen) #142 Tk T /5 2L 0 0 52 56,

1.4 REHRAG@mBESE 6 fLH (Corning) K
NIH3T3 (ATCC) H & 10% M 4 1 & 1Y = b
DMEM F 37°C MR8 5% CO. M8 FHigR, R
¥ Lipofectamine2000 #% ¢k ] (Invitrogen) r= & 14
B, B #% % 38 # 1K pcDNA-3. 1-hEP, pcDNA-3. 1-
mEP Ml pcDNA-3. 1 (+) (%5 1 Xt B 43 51 5% 4
NIH3T3 4 ffd, % Y ni 1 d.6 LA 25 fL N 3 Fh
NIH3T3(2 X 10" cells/well). H T pcDNA-3. 1-
hEP fil pcDNA-3. 1-mEP # %f 43 F Jit & JLF # 55,
I pcDNA-3. 1(+) B HI X 50 7 B s RS /N, 0 i £ 4
AL N e G BORL 1Y 53 1 30— 30, B AL N peDNA-3. 1-
hEP, pcDNA-3. 1-mEP Ji %0 [ F 3 ¥ 3¢ &= N
1.6 pg. Tl pcDNA-3. 1(+) %5 [ 2 0 B8 3% e it
H 1.4 pg. H Opti-MEM I Reduced Serum Medium
(Invitrogen) 250 pl #i B # K DNA, Lipofectamine
2000 e Je izt 300 Y [] o [m) it 0 W HEAT R RE L BRI
5 min; 1B G 2 M BRIFIRS) . HERIFH 20 min;
6 FLACAEFLANZIR A W 500 pl, 558 X5 sh B fili
RO 5] 3 A L AR ST 37°C 1 A AR B B R AR
W% 48 h,

1.5 #4F PCR A B FYJ5 48 h ISAE ks % Y
B NTH3T3 40 i1, F] ] TRIzol 43 & ¥ (Invitrogen)
R 40 M B RNA, I I % ¥k B, Superscript First-
Strand Synthesis System for RT-PCR kit (Invitro-
gen) Wi 5k A B cDNAs, RT-PCR KL 519124 1E 1]
1 T B W 519 11, 300 %% sk A U cDNAs 7B 2
MR, S B F . 95°C 3 min, 95°C 0.5 min, 58°C
0.5 min,72°C 1 min,72°C 3 min, 3L¥E47 30 MEH,
FEWIAE 1Y B W RE R AT HLUK

1.6 @miefA®xk WEEMNEIHAET 6 LN,
PRI NIH3TS 40 s 23 A 4 BOH K 1 40 i 1Y) 25
A PBS ¥k 3 K. BIK 5 min  FifFH A% Z R H
B [5 2 15 min, FFFH PBS #i% 3 K, &K 5 min;
1%BSA B H 30 min; % 5% BSA 1 PBS i B 11
BBt - MERK 9 £ 58 B P 1A (ABcam, ab43825),
4°C I F ; PBS ¥ 3 X5 min, Cy3 bric IFEHT
%t 1gG (Sigma) E R #E LI F 1 h; PBS YEik 3 X5
min, 1 pg/ml i) Hoechst 44 1 min; PBS ¥E% 3 X5
min, £ F J57E Olympus 1X70 8] & 2¢ 6 W B T Wl
% (10X 20),

1.7 AT »H FR ALY 48 h J5 W5 40 i 1
& B, I ED 5 000X g 5 min; B0 BIEHER AH
B, B THRRIARE SN 200 U Y #0IKES, B
il P B- P JER Ve B SR ) 1 1 50 48 B KA i

MR BT AR RIA 100 & A7 I , Al it i
FUEAR ™ UL A HEAT 5 A5 B A v it LA
NATGFH AR 3 AME R R 2 TR

2 & R

2.1 RBABAERGHE A HE ARBE
R AR N R MERK Rl G JE R DNA R B
AFNEAK peDNA3. 1) WA E T 230 B A 5k R
A2 E K W FA5 5 A T W R IB W A RIB
& pcDNA 3. 1-hEPHI pcDNA 3. 1-mEP, i # pcD-
NA3. I-hEP & T N 2 4E K15 5 Bk peD-
NA3. 1-mEP H A il A 56 B AY 20 36 28 35 J2: i RO
E2:0a ol NIPS B Al R0 I S U S I DI o = S A
JEH CMV Bsh Flash &k, T p-rmEK M 2
A, 20 0 B L, 9T 63K Y B- N MR R 0 400 28 1
155 RAY 5 1 43 b 2 36 3 i e 3 3 40 i A0 A i & 5
TER. BT 928 2 A3 N B-P9 ME BR 19 4 o 26
ik VEE A 2 AR FEAES K514 515 A p-PaHE
JUCHH 7 42 B e 1k 6 L IF B T AR IIE - PN ME K R
g AR I HT AR LBUR] 53 8 A H SR S kS -
MERK 16 77 50 2Z (8 AT B8 4% 8 B8 (1 K fi# i Furin fit
PUN A & 4 DEEER T,

ampR CMV

human NGF-SP
pUC ORI

BGH-pA A
Neomycin

ampR CMV

mouse NGF-SP

pUC OR1 pecDNA3 1-mEP

Furin
B-EP

: BGH-pA B
Neomyeim

1 EZREHEEMTEE
Fig 1 Schematic representation of construction
of two eukaryotic expression vectors
A:pcDNA3. 1-hEP. The signal peptide of human nerve growth factor
(human NGF-SP) was inserted between a promoter and a fragment of
polyA; B: pcDNA3. 1-mEP. The signal peptide of mouse nerve growth fac-
tor (mouse NGF-SP) was included. Furin: the recognition sequence of

furin hydrolytic enzyme. B-EP: human beta-endorphin sequence

2.2 NIH3T3 A B-A"Ek mRNA #nl K240
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19 NIH3T3 4iig N %A p-INHEKAY % ik, RT-PCR
SRR OR B Y T Y B R IR #UA S NIH3T3
AR P BT AL Y B-PN MEBK 9 mRNA (B 2A)

RT-PCR j2¥) R 499 bp, MLAL, e Y25 F1 0 IR 4k
pcDNA3. 1(+) %) NITH3T3 40 M N 3% A K il 21 4 [
hst7/

B 2 p-AHEAKFE NIH3T3 40 il (9 B9 R %
Fig 2 Expression of beta-endorphin in cultured NIH3T3 cells
A:Detection of mRNA from fusion genes expressing beta-endorphin by RT-PCR. M: DNA marker DL.2000;1: mRNA from pcDNA3. 1-hEP;2.
mRNA from pcDNA3. I-mEP;3; mRNA from pcDNA3. 1(+) ;4. Positive control;5: Negative control. B: Immunofluorescence of beta-endor-
phin; Intracellular localization of beta-endorphin was detected by immunocytology in NIH3T3. Nuclei were counter-stained with Hoechst33342.

Bl: pcDNA3. 1-hEP; B2: pcDNA3. 1-mEP. One representative staining out of several independent experiments is shown; B3: pcDNA3. 1(+),

as the negative control. Original magnification: X 200

2.3 B-A"kEAAE NIH3TS @i ne ik HTH
TEHT R 0 il 5 R g % % A= 3RS L FRATTR) A A g
PG A T7 VL AT T Rl BE R 2587 ) 3- I ME K7
NIH3T3 40 Mg b i £ ik, W T 78 K & 40 2 1Y
NIH3T3 i g v B A7 o9 J5 M g-P ME Ik i) 3R 35 L vl LA
TA R 76 S 55 v BT ARG I 2] 13- PR R T A S 1) il
B R B Y, KD 45 2R W, g- N ME IR TE EL A
FOR AR e iy NTH3T3 40 5 N A F & i ik
(FE 2B) T A8 2 Y 25 1 0T JETORE (9 48 A o I 2 45
) B- P HEBR A7 AE L $5 7 BT RS S 0 fl S R R A S A
NIH3T3 diffirh &2k TRk,

2.4 BHEKREARRG IA/ERE NS L
PRLRT 26 35 13- M JIK B8 75 4% 5% iz 3] 40 B2 51, peD-
NA3. 1-hEP, pcDNAS3. 1-mEP #1745 4 %} & pcD-
NA3. 1(+) 2 5% T 6 FLARE; F7 19 NTH3T3 41
L. B-PMEK B A LA F TR A OE KGR, T A
TR A B VIR 1A 05 PR Y 3- P ME RO 8% 4% 42 % 4
LA, B LA Ab Y 3- N MEBR2 A I H Bk, 23 B B-
M K7 20 1 35 75 b0 b i vk B SR R TS S A3 A
¥, pcDNA3. 1-hEP 1 pcDNA3. 1-mEP 43 %] %% 4t
NIH3T3 4 s 48 h i, W& 40 i %5 5% 17 . RIA %
W5 1) - PN M K Ve B2 43 30l J2& (280. 33+ 24. 16) pg/
ml AI(191.0447.96) pg/ml. ¥ & T 25 4 kX If
ZH[(4.2444.28) pg/ml, P<C0.01], T pcDNA3. 1
) B e JT = A (R 15 57 3 v (SR T 380 AR it 1Y -
WHEAK B8 2 D RlE SRR AEA N RB B T -
ME R, HL Rl 25 DR Y 2 3 7 W) 76 A N A5 5 K A9 1
T BB 3 I oy Wi B 0 U ds , HL ) AT DL R A

pcDNA3. 1-hEP #il pcDNA3. 1-mEP % 4 fiy
NIH3T3 4045 77 135 v g- Pk 9 7K 7 18] 7 72 .
FW 2R (P<0.05), H¥ 4% pcDNA3. 1-hEP Hf >
Yy B i T peDNAS. 1-mEP 5% YL B9 7= 9 i
B — 24 s NRE 2 A K R 15 5 K9 1B F &k
R T BRIEAE 5K,

3 i it

{5 5 IRAE 2 1 BT Y 23 0 32 3k bl 6 R Y
EM . 1EfE 5K h/c S AL LA RO +1 L 1Y
TR B HE 1) A TR A 5 KA 5 37 0 89 DD A7 A — E
AR i, e Ah, 1R T IR 2 52 B TR 3R Ok Ry T
PECO RS ER Y S AT RS A A A
SR, A ECRZ AN, 4 0 BRI R R TR
Hh R A — BN B 1 L 2 PN BT IR T AL i B AR S
IS A RS IO IS RSN R = Wiak 7/ Bl NG S iR 4
JE W 1Y, ST TGN Y 3- A R AR N O i3
T 7 W PR SE D FEAE AR TS R A R O T 7 f
SHHE S IR R RCR . 555 IR RTIR & 1 E
Je A S WA B AR BE A AR sl B T L R T K
TEAR 5 KR B9 VR R AR S A L O TR,
MRS A TR

L= SR N R N N S B R R S
5T AEL T A B B i i i TR R AT R
JURTHR P e S B DD (S i AN [ . T 2 5 I — A
2 /SEIE3/ 9] SFbRZ NN e Y HE SN
O T T1 A 5 A S 7 A 3 i A 48 A ) S 40
AWFFE P FERE S IR T 1 85 Sk, fER R
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T 2L 3 40 240 L v L N AR 18 G BRI 43 0 A 5 b AR
R e 0N == NN 1N =R =R =3 N R R LA
ARSI S R 2R 3 0 2 2k KD AR, R T
W A5 5 IR B AR B 10 (fF 5 KRB B P HE KD | 55 1)
TR ABESE P BT FAA 13- HE KA RE B B AT T
PER R 1, A0S SR B- I HERK K 5
JIE R A 5 0 0 VR T 803 v BE R OG . 96 i 0
ANFRB R 2 A K R {5 5 IRF A 42 & g- I ME KT
B Wi B At A 3 RS A 40 S 56 R A R 52 56 R 34 4IF
S H AR A K FF55 BRERE A S 3- 9 ME K (Y 43 1%
FIRT TR R B E RS NN DA —
A BRIE A 24 K 15 5 K% 51 09 % R 4 (R AT

A AT T IKFIE R A

NI L= 0 RS N S L AR R Y
KW 7155 BN DNA P8 Ia T 2 X 5]
P, AL 41 DNA S BHE 3 3 ¥ PCR 2 1%
2T AR A K TS BRSSO g-PIHE R
MFBEEN, BEREESIET 2 B RE K
pcDNA3. 1-hEP 1 pcDNA3. 1-mEP LA B #i A
G K TG 5 7 912 A AT A AN BRUR (5 5 ik —
A3 B MERK Y 43, IF HPE Y Lt g T AR 5K
FEIRAE 5 BT 519 TAERC%E . peDNA3. 1-hEP 43
T T NBERE A KK 75 5 8K, peDNA3. 1-mEP 43
FREMEAERKHEFESRK, RN 2 M5
K DNA J3 91 B H BT 803 1 22 IR L R I )
Ja . B 2 S DNA Bl L5 51 60 AR 40 55 ik
83% AR A LR 7 5 AR PE WA 2] T 80% . fH 2
AME T BRI I ROR 2k I A7 76 18 3 25 5L X mT g
5575 50 ep AN [ 1 35 43 1 R XTLiﬁéﬂ“ﬁu HEAT IR A
MW 5T A B T I 05 5 IR A 1 FE AR A

,wz,ZIxﬁﬁmﬁUFﬁﬁaﬁEmy‘ﬁﬁ%ﬁwﬂW B-N HE
JIK 22 KA /N BR824 4k 40 Mg NTHST3 40 i)
ES U T/ 79 N SR (VA 110 T 2 17 Vs 3
W, BlJEH RIA 800 T 40 M 855 5% L35 W o
FIRNY B-MERE Y 7K OF L & BAE 25 R R A 52
B MIARAEAE 3 25 . MLAR LA 2 AN SEEm ALY B-
P ME K 8 KT 22 B A7 A B 2 22 L DA AE A 3 -
DAL K 1 4 0 22 35 vh NS 5 IR 1 R 2 v
RS 5K,

[Z % X #k]
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