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ABSTRACT Objective: To investigate the DNA-loading effiency and the capability of protecting the plasmid of the nanoparticles
with diffirent molecular weights, to observe their shape and size using electron microscope and to detect the transfection effiency of rab-
bit articular chondrocytes in primary culture using chitosan-pEGFP nanoparticles. Methods: The articular cartilage of 3-week old rabbit
was digested by diffirent enzymes, primary chondrocytes were cultured adherently in bottles. Eight kinds of chitosans with molecular
weights between Sk and 800k were used. Chitosan-pEGFP nanoparticles were prepared by complex coacervation process with the report
gene of plasmid expressing enhanced green florescence protein (pEGFP-C1). The DNA-loading effiency of the nanoparticles with dif-
firent molecular weights was detected by agarose gel electrophoresis and ultraviolet spectrophotometer when N/P ratio was changed. The
particle size distribution was detected by nano zetasizer, and the shape was observed under transmission electron microscope and scan-
ning electron microscopy. The expression of EGFP of CS-pDNA nanoparticle transfected chondrocytes was detected by florescence mi-
croscope,and the transfection effiencies of different CS-pDNA nanoparticles were detected by flow cytometry. Results: (DThe plasmid
can be inergrated totally with chitosans of all molecular weights when the N/P ratio was 4; The plasmid can be inergrated partially with
chitosans of molecular weights of 5K, 50K and 85K.and can be inergrated totally with others when the N/P ratio was 2; The plasmid can
be inergrated partially with chitosans of all molecular weights when the N/P ratio was 1; The plasmid was totally detached with chitosans

of all molecular weights when the N/P ratio was 0.25. @ The average diameters of chitosan-pEGFP nanoparticles with all molecular
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weights were below 1y m. @ Diffirent shapes of sphere or irregular pattern were observed by transmission electron microscope and

scanning electron microscopy. The high expression of EGFP in transfected chondrocytes could be observed under florescence micro-

scope. @ Detected by flow cytometry, the transfection effiencies of CS-pDNA nanoparticles with molecular weights between 170k and

800k were higher than those with molecular weights between 5k and 85k significantly with P<0.05, of which the CS-pDNA nanoparticle

with molecular weight of 800k had the highest transfection effiency similar to positive control of Lipofectamine 2000. Conclusion: Com-

pared with Lipofectamine 2000, transfection efficency of rabbit articular chondrocytes was high using CS-pDNA nanoparticle with

molecular weight of 800k, which can be the first choice of the gene carrier in further transfection experiments in vivo or in vitro.
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Fig. 1 the obersavation of the binding efficiency of the nanoparticles when the concentration of the plasmid was fixed while changing the concentration of

the chitosan solution. The DNAmarker was located in the first hole, the blank plasmid was located in the second hole, 3rd -8th represent the nanoparticles
when the N/P ratio is 2/1, 9th -14th represent the nanoparticles when the N/P ratio is 5/1
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Fig. 2 The DNAmarker was located in the first hole, the blank plasmid was located in the second hole, 3rd -8th represent the nanoparticles when N/P ratio

is 1/4,9th -14th represent the nanoparticles when N/P ratio is 1/2,15th -20th represent the nanoparticles when N/P ratio is 1/1
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Table 1 the average diameters and binding efficency of CS-pDNA nanoparticles with different molecular weights when N/P=4

Molecular Weight/dalton Sk 40k 85k 170k 250k 800k
Average Diameter/nm 654.4% 1423 457.6+ 57 430.4% 68.9 306 158.4 254.4% 58.2 4452+ 86.5
Binding Effiency/% 90.3+ 2.4 92.5+ 0.8 94.3% 1.2 95.2+ 22 93.5% 1.7 95.8+ 1.5

1 2 3 4 5 6 7 8 9 1011 12 13 14

P 3 4K iR 1R pDNA IIRE ST HOEL . 45 1 L7929 DNAmarker(DL2000, 44545k /NE AR H , 547 /bp) |55 2 LN R ZS B0k C1, 43 F&k Sk,
40k 85k 170k 250k FiI 800k 1) CS-pDNA G KiIk 52 DNA BHH LG 2R 3-8 fL, B DNA BEHAL/G P EZ Fe SN AL 45 R 9-14
fl
Fig. 3 the obersavation of the capability of the nanoparticles protecting the plasmid. The DNAmarker was located in the first hole, the blank plasmid was
located in the second hole, the CS-pDNA nanoparticles with the molecular weights of 5k,40k,85k,170k,250k and 800k after digested by the DNase was
located in 3rd -8th hole one by one. After digested by the chitosanase,the CS-pDNA nanoparticles digested by the DNase with the same molecular weights
was located in 9th -14th hole one by one.

P 4 R BB T A WA CS-pDNA DKL 5t s /9 2 49 9l i 1 I 3o B8 WL 48 31 19 43 1 4 O 800K 1Y
ERAGIEZS, ] WRAR A/ 400 nm (GERIE SR th T, AR CS-pDNA RERIERS , il WACASRIARAE 200 2 500 nm 2 [6] 4§34
oy ANIE N/P LU{E A CS-pDNA GOKGIERAYIESERL, # BREBAE/ MG .

Ik I —5Kk 7> 7 85K ) CS-pDNA 4K HERIE R . K

P 4 FET QUANTA200 73 4 BT HL B, HEIF A A7 SRR K S iR Ok

R Pl 5 TSM-6700 V237 A& SHHAFH HL - W R L i Sk T e SRR TR
Fig. 4 the image of the high resolution transmission electron microscope of Fig. 5 the image of scanning electron microscopy JSM-6700 with cold
FEI QUANTA200,and the CS-pDNA nanoparticle was pointed by the field emission, and the CS-pDNA nanoparticle was pointed by the black

black arrow. arrow
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5 pH {4 7 WA 24 E4% 4 B i Qe RCR A BT IR, HLA%
HERIAGIT A L (P<0.05),

&1 6 KR G5 Rk G A DG AR A AT, 24 FLH(300% )
Fig. 6 The expression of EGFP of CS-pDNA nanoparticle transfected
chondrocytes in 24-well plate(300x )

—+—FH=6.5
—a—FH=T.0

1 2 3 4 5 6 7
P 7 AR AT R QR X 1L, 1-6 43 5IARER h Sk F) 800k
BNy F CS-pDNA kiR, 7 £43 LP2000
Fig. 7 the transfection effiency of different CS-pDNA nanoparticles

detected by flow cytometry, Ist -6th represent CS-pDNA nanoparticles with
the molecular weights of 5k,40k,85k,170k,250k and 800k,7th represent
LP2000

3 g

RN G YRR R 2 207 1, AL FG A0 A2 A A i 7
1 pH {H A TCINE SERAE > TR KN [DNA HR AR 10,
Zhao X PSA Ny, 4+ TF-5 > 800 [ CS-pDNA 4l K isEk £ N/P (i
1.2 D) A, pDNA BV R 58 4 A FEAE ORI, AT 4 Hh 19 6l
BRA/INERFITE 150-300 nm 2 [A], Kiang TMAE A NAFSYE T B 2
P EXT 3T 390K 11 CS 15 pDNA BRiyszm, A ML
BEEE 4331 90% . 70%F11 62%F) CS 5 pDNA 5% 4 Bk T 7g

B N/P (B0 3.3:1.5:1 F1 9.1, FRATAYSEEEH N/P /T
ET 1B, BT K R AT s B R B 43 B, A5
HI45185 Zhao X A BT A

IR A T2 I LIS A i e A 2L VR AR L (HLt
Jer B S 08 U8 I 16 375 %o 7 R A e A R R i
10% A4 1375 AT BEHUANAR Y A A BRERBS | (8 IR G et 19,
IEFRAT A SE 5 FH ) DMEM B35 BRI Y74 5 10%
JIIRGS

Zhao XE pH=6.8 1 7.2, il 800K ) CS-pDNA 43 Bk
IKEN T 50%MFE YL, T Sato TMINTAK pH=6.9 i 154 G
BRI 7.6 BFE HIE £ . Nimesh SU2H] 10K f) CS-pDNA 42k
Tk, e B Yol 7 R A SR Y 20 Bl B e ik
FIREAE pH=6.5, 2 J5 1 38 B B s 4 pH=7.4 (35550, 15
PR RCR . AT pH=6.5 I, CS-pDNA FK IR
ST 1 ML AT, 55 A0 =2 [R] ¥ W B g B3, i) pH=7.4 I 5%
TR Y pEAR 7 BT AR FRAR S MM T Mt/ N o AR S0 e 20 I Y
A pHA 6.5 F1 7.0 754 4555 Zhao X 25481, pH=7.0
A B YR L 6.5 W, {5 Nimesh S Bf it 4 %% J4iatsn) pH
R 6.5 B ] A5 A R AR YRR AT AN TR

TR MG YA R 32 N B RS A R B T, B
T KA P T T - SE SRR 23 T A 2 R . Huang M
WFSE T AHXS 40 i 10-213k. i £ M6 46-88%(1) CS-pDNA 4
KAERXS ML IR G, NI S BEEE 88%., 43 F i
213K ) CS-pDNA FK IR 15 e i, iR+t
2L BERE 46% A5 1 (1 el 3 Ak . Sato TMIUTAK 15K Fil
52K [ CS-pDNA i K Bk (1 5 YL 303R 11 100K (1 =5 HiF 2,
AT AEAAT T SR 50 T, AN [ A IR A 5 e 25 SRR A
[, Zhao XUWE HLER T 75F 40 F 1 ) CS-pDNA ZKIER 195
YRR IF NN, ez Hodth, 85K T 800K by ml 7= A I 25 45 v 1
PROR  SRIREEIIE AL T SKL 173K T 425K 15T MR 1054
PRIG, IAK SK Y CS-pDNA KR 7T $45 5514 30%0
YL W s T I Ishii TORUGACK 40K Fi 84K [1)5¢ FRAH
YRR BR B A B 1 e Y A% . Morris VB 19 H 50K
CS-pDNA g3k, 76 N/P LWAE > 5. pH=6.5 B 5 YL 3R 40 15
Lavertu MU 72 ) 40 T A B b A 725 & % 1, TP 52
THRZBERE S 98%.92% . 80%F1 72% . AHXT4>T-4 A 150,80,
40 11 10K N/P =5 1 10 . pH=6.5 F1 7.1 B} 3L 64 Flsk BRIE O
KIS pH=6.5 IiF, 43Tt 10K, WELMERE 92% N/P HU(E A 5
ForT5 10K B L BEEE 80% N/P FU{ A 10 A, CS-pDNA 44
RAERIE AT BAT5 BHMERT BRI e ORI R iR A
SRR ST DUA I S B0 25 BOR S B TR A o i,
TREE A SRR AR, 2N S50 A R B s e e i
I 40K F1 84K 1157 TR B AN KA ER 26 FRATT 1 52 48 v 20 e B R
FE, HAT 800K iy A] 7™ A=t 28 15 (R Y s 3R - SRR ST AR AH 2
i Huang M [ SCB0 25 AT, B O BRI BEFRAE 90% AR iy
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