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Construction and Expression Analysis of Micro-linear Vector
as a New General Gene Therapy Vector

Hongsheng Wang, Xiaoqing Li, Yuwen He, Bailu Xie, Wenying Tang, and Jun Du
Center of Microbiology, Biochemistry and Pharmacology, School of Pharmaceutical Sciences, Sun Yat-sen University, Guangzhou 510080, China

Abstract: The most difficult field in gene therapy is that vector system should offer both a means of successful transfection and a
maximum of safety for the patient. Viral vectors and plasmid vectors are traditional vectors; they may cause unwanted immunological
side effects resulting from the expression of nontherapeutic genes. Our aim is to develop a new general gene therapy vector which is
suggested to be called as Micro-Linear Vector. The gene expression cassette is capped by our designed cap, including promoter,
enhancer, objective gene, and RNA-stabilizing sequence, so it can defend the exnuclease in the eukaryotic cell, at the same time,
DNA not encoding the objective gene is reduced to a minimum. The GFP gene is separated from the pEGFP-N3 plasmid, and acts as
a reporter gene to construct the Micro-Linear Vector, then both the new vector and the plasmid are transfected to cells, the results are
tested by fluorescence microscope and flow cytometry. The results show that the Micro-Linear Vector has a high effective of
transfection and safety in 293, 3T3, CNE2 and B95-8 cell lines, at the same time it is less toxicity than the plasmid. We can get the
rudiments of conclusion that Micro-Linear Vector has high effection of the transfection and more safety than tradition plasmid in

eukaryotic cell.
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HAT, JEFENATT e s e AR 5 e . B
FRARFAAAE & ARl . &2 RN 3 IR YT 3k 2
LA SRR AT U B S . S BE A H TSR
ST RENA YT B FBEEAA . W EE RS AR T A
AT 55 5| R AL ™ A AN [ A B2 1 e g8 Sz, Tl
HAFERR AR AR EHOR . BEENR . AR E R R
RS NTE Ed Mg kb, 22 M nl ge il
TR, R A T et . ANBR SR i
AR il & A a5 o EL s 2 A AT T I R K
MESL: P, AR R AR RE T S B
LS AR, 1A ST Y P9 A N AR Rk S
G T W LR A ) 45 PG R TR A o R e AR R R
Jo e R B A FE R ) ek K HAE R RR T
PSR FANME . FoR, T #A RS 32 DNA Rk
FEYIRE R CpG 74 I K AEAE AT R 5 | & 1 32 ez
TN o FT DA R B ARG M L 2 AP R ) M Al
I3 B AR R BFIE H 25 32 B A

FATAUR E BT R G A, AR H R SE R ek
FIRMECE A B EER R 3+ M dlom 1. HIERA |
polyA Fa & ) Wi il b Cap PRIF 51, % Cap ¥
FIBLIL A% A0 (RNA FPHFaE 1Y ¢ BRI, 4]
£BPE DNA WSk vbBe 1, Al Ry b4k %
T &/ MU il 1% e fve 48 S T A A A R A 1) e
HAaF a0y — BBk R r 1/3 RN, AE
R AN 51, H AR S A A JE 5] & 3
RYA T S8 5 SN 2R R Y CpG Jy 80t TR,
AIFIFH PCR vk 47 S B 8 1 7 1k S5 s 2 1A 48 B ot
T P AN T PN B R Y [ R

B A1 pEGFP-N3 itk o ) GFP JE[HAE b4
LM E AR AR . GFP LM REAE ELAZ 40 i Fh 22
KGR A 1(GFP), ¥k {k 5 pEGFP-N3 it
R4 B YL E A 293 . CNE2. 3T3. B95-8 45 HLA% 4
JLRk, T FH 2 S S AU AR A A A A Sy TR LY
a7 AU ST &

1 SR ArRAe T i

1.1 EEFRA. RFIREE

pEGFP-N3 Jithr, KIGFF Rk DHSa, 2 IR
CNE2, 3T3. B95-8, 293 4B ALK EAF . Cap
J¥41). PCR 519 B TAY TR AR AR
ONEIA AL, FRGIE DI EE Ase T A TTIE A 43648 A,
Exo II #MJJ i T4 % $£ 0§14 H TaKaRa 2y ], Ligation
High 420 H HA TOYOBO A+, Bifishik sk
H Shanghai Yito Enterprise Company, /N4 IfiL 1% 1)
A S = A W EOR A RS W], 40 i 2 e iR e 3 B
A YR R, H A 70 R [ 7™ 43 B 46 DA
b ¥R T EFRME( kb Plus Ladder, DL2000
Marker)lJ H Invitrogen /A H], FURLHRBGRF] A&, DNA
B MR & PCR P08 T IR & H - Omega
O] DG B A Olympus 23 /], PCR YA Gene
Amp PCR System 9700 £l Bio-Rad.
1.2 fHEEHK Cap FHIAI%IT

MO TTAZ A W AN Y (RNA AR EEE R ¢ BREk
P, A EEGEE PR AS E ) Cap P41, 40 Bl 7E HL
PRIVl 3 VAW ENE T Y (U B
1.3 EGFP EERIXERIKIT

FIF Ase 1, Afl 11 XUEY] pEGFP-N3 JFoki, BEVI4
R 37°C KR 4 h, £ 1%EIBEBREE I B Ik A
1 kb i) DNA marker, K[ 1.6 kb 2245109 B, By
SGRAh 1. EGFP | polyA F i H AL FIAHE
1.4 THEESRRIMEE. N R 18

T EGFP Rk HE J 38 2 (1) W i Cap (371741,
£ Ligation High ¥ 1/EH T, 16°C 30 min J )i,
WATEER: . R B R Bl A Exo LT A U) R EA 7
THALBE 2. R 3.5%R NG (PAGE) IR &1k 2,
WE(EB) YL (0 )5 58 AMETF AT W8I0 3] 342 122 1% ol 2 1A
AR S By ot R N BOi 22 5 2978 50 bp AAAa,
Witg Pt PCR N Al & fb 9 38 il ik 4004 .

*1 Cap MERHBRFIRE_HLEH
Table 1  The nucleotide sequence and protective structure of Cap
No. Nucleotide base sequence (5'-3") Protective structure
TG A :
T CTC GCGAT-5
Cap 1 TA CGCTC AGTTGGGA GAGCGC TAAT [ O N
G GAGCGCTAAT-3
GG A
TG A
T CTC GCGGAATT-5
Cap 2 TTAAG GCGCTC AGTTGGGA GAGCGC C [ |
GGG AGAG C G C C=3
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1.5 #RIEST

293, 3T3 4IMEAE S 10%/ME 1% ) DMEM K
FRHEF AR BRI 80% A 40, ] PBS i#
WA UE 2 IR, 0.25%JEF#1TIH L, 800 r/min, 5 min
B, AE R SR ERE ) E 3~4
NPT YRS 3R, AR 1~2 d T . CNE2,
B95-8 4 it FH [ RE 771 1640 K535 5L hn/NA if 1 R4
Hidvo
1.6 4ARmEES: pEGFP-N3 Siss s iRt L HENE
%40 B

£ 35 mm KSR AU AR 2 5 x 107 B, 4351
W SRR IR i 5 4E SRR pEGFP-N3 Rl BE 2 14 BH
BN oA A il R0 e 1R 6 P A A e itk A 293
3T3. CNE2., B95-8 4ffifd, FH 35 mm #1555 ML5;
3, W 24 h HTMEL
1.7 GFP FiZHIR N BRI ER &40 A 4E
MFRIKHE

UL 48 h )5, M2 BP0 W4 GFP 1
FIRNOL, R R T A 40 i R AT Hh g . fR L
NI 1 x 10°~10 x 10° £ 45 B, 540 i F
0.25%JEmF k)5, Fl 1 mL PBS &, HaC40iL
WML GFP By RIBEN
1.8 RIS EIEAMNX S EN I
RUE—S

i

A3 S B[R] 45 B8 JR R Y pEGFP-N3 5 (i 1A 5
Y5 AR 35 mm B59R MLeP 555, n A 40 s (i
i), as PO R, 48 h i A M T T$o Ge it Ly 24
M, 0 ANIEAE T g B .

2 SHER

21 Cap FIIBIFIERIGE
72 H 3L A HEP SN Cap P37 41 34141
DNA APl 17, BT %087 1k FA% 20 3 P 4 A% 1R Sk
VIR B A 56 DR A7 R S 1 A A, BELORT A% 12 1
IR VE FH, 5L DOIA) ok AAZ N k. A
BT A (RNA IESE ¢ IR, i
Cap HAT RAFMPLINIIEGIEF . Cap MIAZIT R )T
I 1, 1R M Cap 200l H AT Ase 1, Afl T i 1)
785
2.2 pEGFP-N3 Rhi iR BN R EGFP £ FE YIRS
FHB A vk R R BRBUTORL, 4lifb 5 2 540y

CE RIS 5] pEGFP-N3 Fikizy 2 mg, kil
ik 1. pEGFP-N3 JFikiZe Ase I, Afl 1T AUV 5 15 21
17 pCMV-EGFP-polyA [JJ3EHFRIAME B, KR
ZU7E 1.63 kb, BEREFISATTSENZ A By, A&l 2 B

Ase
(8) SnaBl
Apal. 1 (341)

MCS
(591-665)

pL‘.\!\" IE

Eeco 0109 1
(3852)

poly A sEGFP-N3
4Tkb gy

Kan"/ poly A /7=
Neo™ gy4pori fI A
AT 11 (1636)

Dra 111 (1870)

BsrG 1
(1385)
Not 1 (1398)
Xba 1" (1408)

Stu1(2575)

1 pEGFP-N3 FHLE &
Fig. 1 Restriction map and multiple cloning site of pEGFP-N3

bp

EGFP 2000
1000
750
500

200
100

2 EGFP £ & ik
Fig. 2 The determination of EGFP by gel electrophoresis

2.3 SR

JH Ligation High % 4 1% 4% J5 4% Cap J¥ 41 [F] H
O BE DR SRR AE R AT M e, M Z S R I BR AN
fitt Exo 11 X§ A £ MLk 1Y DNA Jr B HAT SO0 1
R BRI B IHE 37°C A FAEH 2 b, ffi45
KIEEPAE Exo LI WIFERTT FEMN BT IR,
JH PCR #7110 &% Exo I AMIT 1A R 4 11H
alide, 15 R)REEBUA R AL o Al AT R TR 4R
MWoRE R 3
2.4 THEEERAYIE

it PCR 5% 5" ACAAGTTCAGCGTGTCCG3',
IAGE 5 1) Taq 24 B, ANTP S 20 2% W, 50 uL
R ZR AT PCRY™ I, 153 2 (k2K R Y14 74, PCR
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PRI TGN AN 4. FIF 3.5% PAGE HEHEFTHLTKAG:
W, KrMEEHANPE 5. PCR Clean [FISCRHEE A .

Cap Cap

: CMV GFP Gene Po]yA: :

B3 MugsAEaREE

Fig. 3 The conceptual diagram of Micro-Linear Vector

1 2 M

bp
2000
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100

E 4 PCR #1884k
Fig. 4 The amplification of Micro-Linear Vector by PCR
1: EGFP gene; 2: product of PCR; M: DNA marker

1 2 M bp
2000

1000

750

Bl 5 3.5% DNA-PAGE % X 28 KF1 GFP & H
Fig. 5 The difference between Micro-Linear Vector and
GFP gene expression cassette in 3.5% DNA-PAGE
1: Micro-linear vector; 2: GFP gene; M: DNA marker

2.5 pEGFP-N3 i 5l fik 2k A F% 3 293 2R AR

VS5 EER M B 2k 5 pEGFP-N3 [ i %
Yegb AR, HLERIKE GFP 7E 9 GIM R BE B 1
SRt ot, M ¢ I 251G B0 AT DL A5 4
YRR 48 h 5 98 6 WA MR R AR WA 6
7R o

4 4 umol/L Tda% 2k A4 F1 46 it 5t 1) pEGFP-N3 Ji
BB A 293 4 R, 48h J5 7¢O WM B g A
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SR 7 PR .
2.6 pEGFP-N3 Fuhi 5k &k A% 3 3T3 4ka

85 55 TR B e AR pEGEP-N3 B0k 3% e ik
A 293 2, 48 h 5 9t U B UL SR A ROR A ]
8 FIR o
2.7 pPEGFP-N3 R# 5 k& k¥ 3 CNE2 4HH

P55 i D IS AR A pEGFP-N3 JB ks 2% e i
A CNE2 #liffiH, 48 h J5 20t i (U B AR R IB RO N
&9 FiR o
2.8 PEGFP-N3 R#L 5 sk & Ak B95-8 4fE

W 55 SR O IR 2R A pEGFP-N3 JT0RL 4% et
A B95-8 41, 48h Ji5 5t i Sl B WL 58 FRIB AR
K10 Fis o
29 HRMANGNE GFP EEZ MR RE
7£ 293, 3T3. CNE2 fifa B RIEWE

(1) kB B o M bb e L e SRR OR, FRAT]
X R A B 2 A S pEGFP-N3 FORiFE L) 293 40
ML EA T R LSO ER, Kl GFP 3 40 M4k i &
ALY T 435, A5 B LA YRR . R R A A R
283 24 h, 48 h, 72 h FEATULEE, B 3 HEU AN LA
A ) S 20 8 e 3 S5 1 - S5 500 B ) A &, 0L T
11, Aty i ot W4 2.

(2) X} 3T3. CNE2 4 fkA 7 [mIFE iy Se e, A e
S5 AL A3 2855 24 h, 48 h, 72 h R, HER
ST VR, DL 12 FE 13,

2.10  fR$E 4R 7E A5 [B) 2 B o 3R 0 HF 4L A B) Y
U2

Sk B B AR TE A TR 4N Rk PN 2235 GFP 4
ZEifIE], A pEGFP-N3 Rk b f7 % B8, 4% Yy )5 &F
W 24 h JEA 790 R AR WSS GFP 1YRIE, 1l
SEARVEK AT, 45 R anE 14,

M AT LA AR [ 0 4 Mk 19, GFP
FEIR M FFLLI (AR 22 80K o AR, GFP 76 h st
AR YL b A IS GFP 138k g i ) JE A 5 5
BL YL R AR, BoR TR R A R B R Y I
FEAN[F) 20 Ak 9 B Re R Hp e R ik .

211 TEEEEIAF pEGFP-N3 FUAE 5 340 A
R MR

FA 20T 0L W ER T RE 2k AR 1 pEGFP-N3 ik
SR E A0S X 293 41 B s AE , 3 At
JitL 22 2 e e M A A (B A R0, 48 h JE iR H Al



FLLERE: BEPRATT Rk AR i) 22 0F 5T 1337

MAET-E 8, BULEEER 15, KBdERE ARMIAE. 4500 74 s pEGFP-N3 Jit
XA GRS e pEGFP-N3 JORiRE /I, (HAERc R k5 e 8 A X 40 it A 384 (2 JC A 8 52 )

6 ZEEREMSESHIKRS pEGFP-N3 B 4N 293 4B
Fig. 6 Equimolar of pEGFP-N3 plasmid and Micro-linear vector transfect 293 cell line
A: pEGFP-N3 plasmid; B: Micro-linear vector; C: control

7 ZREMMEHIKF pEGFP-N3 Frhudt it 293 408
Fig. 7 Equiquality of pEGFP-N3 and Micro-linear vector transfect 293 cell line
A: pEGFP-N3 plasmid; B:  Micro-linear vector; C: control

8 HREMMEEH KT pEGFP-N3 FURISE i N 3T3 4HAE
Fig. 8 Equiquality pEGFP-N3 and Micro-linear vector transfect 3T3 cell line
A: pEGFP-N3 plasmid; B: Micro-linear vector; C: control

9 ZREMMEEH K pEGFP-N3 Bk it N\ CNE2 4
Fig. 9 Equiquality pEGFP-N3 and Micro-linear vector transfect CNE2 cell line
A: pEGFP-N3 plasmid; B: Micro-linear vector; C: control

10 ZHREMMBEHIKRTN pEGFP-N3 FRAISE N B95-8 4HAH
Fig. 10 Equiquality pEGFP-N3 and Micro-linear vector transfect B95-8 cell line
A: pEGFP-N3 plasmid; B: Micro-linear vector; C: control
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29.53 29.17 -
c m pEGFP-N3
Z a2 23.93 plasmid
SIS

‘9 = 14.37

£ Z 500 @ Capped

[{B = linearized
M vector

24 48 72
t(h)
11 pEGFP-N3 Bl S sk iA %t 293 HAEEE R TN B R
Fig. 11 Efficiency of EGFP transfection in 293 cell line

% 2 pEGFP-N3 5kt 293 AR AY#E L% (%)
Table 2 The ratio of EGFP expression in 293 trasfected by
PEGFP-N3 plasmid and Micro-linear vector (%)

pEGFP-N3 plasmid

Time (h) 1 2 3 Ave ige 1 2 3 Ave ige
24 12.8 15.6 147 1437 209 19.6 247 21.73
4 3.7 85 76 25 7 1.7 57 12 29.3
72 189 27.1 258 2393 30.3 27.1 30.1 29.17

Micro-linear vector

32.00 1
. S 2460  24.80,3 g7 MPEGFP-N3
T = 24.00 2243 plasmid
2.2
R s 1716.77
% é 16.004 1>.
a_.) (5]
z £ 800 @ Capped
8 linearized
0.00 - vector
24 48 72

t (h)

12 pEGFP-N3 BT STEEEART 3T3 4RAE LA 52
Fig. 12 Efficiency of EGFP transfection in 3T3 Cell line
6.9 63

8.5
I 73
’ 24 48

13 pEGFP-N3 BTt ST H A xT CNE, HAEEE R MR
Fig. 13 Efficiency of EGFP transfection in CNE2 cell line

—
\S]
)

9 8 W pEGFP-N3

plasmid
Capped

linearized

vector

5 S
72

O
s

Average ratio of
EGFP expression (%)
N

W

(=

H pEGFP-N3
plasmid

@ Capped
linearized
vector

14 TEIZHREAR AR EE S R FI R AL FIX GFP AYHF4LRT (8]
Fig. 14 The last time of GFP in different cell lines
transfected by Micro-linear vector and plasmid and

Micro-linear vector
1: 293 cell line; 2: 3T3 cell line; 3: CNE2 cell line; 4: B95-8 cell line
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15 fsEEIKF0 pEGFP-N3 FrAL T £ B {8 A9 52
Fig. 15 The average mortality of cells transfected by plasmid
1: pEGFP-N3 plasmid (12.1%); 2: Micro-linear vector (11.6%); 3:

cationic lipids (6.5%)

3 i

FE RE YT B 1 42 A Pk () LA A5 0F & R 48 4]
HE RO S AR B LA B R YT A Y
BT o B BEDRNIA YT 3 S A 1 1 AR AR R R
PR T B s B S o 2 B AR G A B Jk e
FEIP 4 AN IE B I BE D 2 A A0, SOh FE R
Juid BN 5 S B g (2 Y o X BEIR BE T TE T
0 P S TR S 5 | R LA 7 A AN TR R ) B 92 S
N, I H AT AR AR S0 . B . AR
B R L e Dy AR T B 2R, (H R AR RE
A PE N, T H QSR AR . £ Stanford
University [ Kay MA & HILTFAEIERE F
DNA A 7> i % 3¢ DNA J& i (Minicircle DNA
vectors)®! (R IMEREARTERE YR il BAE

M, A SIS A BT — R AL T AR R YT
AT 34K (Micro-Linear Vector), % #0044 ty KK
KHEFN 2 XS FRHESN Y Cap (RIPFHIA AL, Xl
2 MIEFIRE Cap #4 RS 74 9 GBS BUAA SME A
GRS R, HAL RS 27 M 3R . B R R
polyA F2 & J¥ 41, MIMJLFA & AME R, {45 fesis
J N [ B AR A . [FIR, R REEH & B
P14 5 DR SRR AE IR S R B 3, ORIE T H S R
TER SR I vh A S 3R, AR B o 2 Y
YER JF B, B TR 8RS 11/, 55 4
JBE, A N BT RE, REdE M R IAROR . K
AL EAZ AN N (RNA R ¢ L5 Cap 7
G, B TR RR A5 0 TR RO R e, R AR
BB 5T EAZ AN N AZ TR STV ], B4 1
TRIP LR IAHME . EGFP JEHRIAH GFP &, fig
108 3 2 ' I G AP O X A S A Ay T B T B
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D) B8 e g% [ R R A e 1) o FFD R B s i 2 1
s JBORE P S G328, 45 52 36 B 10 WY ] A8y [+ B
WO THAEMEL

25 UL T R AR I e YRR A B R . 3
PP B 52 n] A FH e 28 A ) 1 5k DR N 81 4 A%
TTfRRE o AL B RSB Iy 2 IR B 2 B A a2E A 2] 4t
1% Foe 3 L1 Bt I B8 5 R L2 o) o5 1 2R 2R AR b
PRI FIRBOR O DNA HEA S0 % 5 2 AR R/
A, Bk PR, REIEARIANIEZ N LS
SR DTS SRS RN, B YOSCR R B 4k
Darquet &% H[F S5 2EE i FisE #ik s 75
HUR S BB AR 1/3 EE ) T HH R LR
Shky, WA A TSI N R, RILEE
RUHR R LR R B 5 A — AN T
SETERSAMRDENRF LN CpG 74, Bk
257 83 TR AR ) R TSR YT AR SR A B
i) CpG J¥ 41 o CpG JTHIHIN A A T 35 e s vy 1) E
SRR BT BoR, B L G G R S
A PHES T BT pDNA Jibs S 80k 4, LD
Jili Ty 68 T R FUARS Bt 5 5K A A 3R 0 R AR 3 AR
F g AR BT SR IR TR 24—k CpG Y
A 1) Jo R 2R A B AT R RORE R AR, (R i T
B R, W R R FA A EL AR i el 24 T & A
) CpG JPHNHEH b, ]k i Sy & A A%,
HABKMIGRE o [FEE, i T Gless 2 A 0 3545
Al TE PCR 973, HEBR T ORI ALY 3 A G
P R AT N #E R Y )

WIEXT Cap JPF &M, AT LAEASHH A # )
RO, DT A — 20 4 o AR Sy i DRIV 97 44 17 1o
Y (B o 3k FH P 200 B S 1 o i v S 0 2 K 9104
A Cap TRIFFHIRIEEL, REMZMEEER LA R
) R T A e A S o

B, ARSI A UE ST e RO SE R R
7 AR B B R R I R IRROR . BN TR

LM 2 ) 2 A T 3 5 A Y R 5 v A R
AN, $Ee TRGAeR . B S A AR E =
PESEN I, I AT 8 T B R Z M E A &
Pk o DA SOE A B 14 A ) 2 A PR R AR 114 B e
JEbk . e, JREE T PCR #EA7 K& 1Y, wf DLk
B % Gt JORE 2 7 3 O i mp 45 0 40 B P B N B
o BRI HA B 2 ek, TR SCREPREF R
o BB Qe RO, IF HA B IT & HA B 1) e e P Y
A BEE BOR BRI TR, HAT AT RER N
FERRTT 9 —Fh il B, fedtBEDIG 7 i A R
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