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Abstract: An arginine modifying nano-hydroxyapatite (nHAP) was synthesized by hydrothermal synthesis. The
morphology, structure, crystallite size and Zeta potential of the Arg-nHAP were characterized by X-ray
diffractometry(XRD), transmission electron microscopy(TEM), Fourier transform infrared (FTIR) and Zeta potential
analyzer. The binding and protecting properties of Arg-nHAP to DNA were tested by electrophoresis experiment. The
results show that the Arg-nHAP is very fine and well distributes, the mean diameter of the nanoparticles is 50—80 nm and
its Zeta potential is about 30.89 mV at pH of 7.4. Arg-nHAP/DNA nanocomplexes can be formed rapidly by electrostatic
interaction of nanoparticles with DNA having negative electrons. The nHAP modified with arginine can effectively bind
and protect DNA and may be used as a potential gene carrier.
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) F BELAS T G A N 23 gk A B 1 % Ay
FEDRE i R R AL TR IR R VR, H T T 2
LD/ SR NS SR =R A 7/l 1L SR 7/ R (ER )
FPAERE Je AR AN B 3, LA AR YR 5 A 55 1)
JBIO, 9K F2 KA /K 41 (Nanohydroxyapatite, nHAP)5
NARBEL LR TR AL, AT AR (K A= AR 75
L0 (R A MR L, HAT T AR R EA T 5
D ErERe, ISR LR 2RI RE R A 0%
PSSR, UL E R, ORI AT R A 5
FLAT IO 40 M A= K AR Y. S B A A3 2 — P
KRR ARE, e 2 AN ! S
I, AR IR LA I A ORL (nHAP) 1] by 3 R 3
T, Yt 9 R RS FE IR R Y SR mT s 31 ) 2
AN BE AR 50% . FRAYSSINET 25131 ] 49 K 54
FEWE AT TR AN DNA JEUTE RO G LacZ #4524
MM, BE—20UERH T KR A I R e )
TAN ZUH R, SfaRs i MBS, 9K
IRATSE R ekl g — 04 . AMITSES gk R 3k
AT TR G NT-3 JE[N, R IUA T 4% G 3 A 7
BRI/ IR 20, i FLAE S B e BTSRRI
HIRAH 0N, IXUEI T UK FRIE 0 A B AAE PR A
AANI BAG S G RPFIREE R B )y . LIAwT
TR, GUKFR BRI AT OB ] BE A2 — Bl s s 4 1
BER A R (U, T — AR X R AR R
(R R e 2.

A SJ2 56 3 ORGS0 18 (Arginine) VE by 40 K 34 1
RS, — 7, TR K RS R A T
FLHLH—(CH,);NHC(NH,) , Z5HLSoh 10.76, £S5
ZAFT, RV pH K — BN T REZIRIK 45 T,
DA T 70 3 S NI P PR 2 R iy IE s o 59— 7 T
1 R R R DTS 7 R 10 ol A B R 2880 2 3 4 i L
U, W 7F DNA 538 2140 i 4 (¥ 3ok R 15 5 A i 2
(PR, B e RS 2 R K R A 5 bt oo o DR s e
B, AHE RS R T KA 5 3 DR A e R LB AR SR A K i
&, WA MTZEN FHREE . ARSES B
TERR T RS GRS M (1 7K 0B BUBURE (Arg-nHAP) [ T
PR, MILHREHMLEERET

1 SLIG

1.1 SEIbrd

AHE TR 0 SE S MR R B R S
Ca(NO3),4H,O(AR,  [H = 254 [ g b 22l m &
Al), WEREE(NH,) PO, 3H,O(AR, H[H [ 254 [4] [ty

WEFRAN A F]), FZBR(Arginine, Sigma A #]), B4
WM % B 1 (Invitrogen A7), pEGFP-NT TR0
TR JE A TR R A R]), DA AT I iR
22 Eh VM (PBS)F HEPES 22 5 VAW (HBS) o

1.2 Arg-nHAP #HKBI7KAE K

23 W EURE R 45 Ca(NOs)4H,0 . IR A &
(NH,),HPO,) (1) 7K 9 o K 22 R PO S I N 21 B 1R 2R
H, FRA RS SRR S, Ca B P IMEEIREL N
1.67. SMNIERES 60 C, KFHZ /KR 2 U5
pH . FF805 . BRI A G, PRI N 2K
e, TEB0T KRS T RESE RN . 7K I
SV 5E 4, BRIL AR T 40 2 B KRG K U
g, BT, SIS AA R R .

1.3 Arg-nHAP ki B9 FRAE

KA B BI(SEM, JSM—6360LV, JEOL Japan)
3T Arg-nHAP ZKRL A TE SRR (ORI, SR X
SERTHH(XRD)X Arg-nHAP #E4T 940 43 7 (Rigaku
D-Max/2550VB®, Tokyo, Japan, Cu K, #& 4t ,
J=1.54178A, 40 kV, 30 mA), FIHfiffi % FH % K H
25°~55°, 2.4(°)/min 8% 5°~75°, 5(°)/min, {H37HL14E
Y61 Nicolet Nexus—470, KBr o

1.4 Arg-nHAP iR EiRB%| &

HURS & BRAE 1 J5 [) Arg-nHAP #3K 0.5 g, JRN
O, 2B T 7K 20 mL, ¥REE K 25 g/L, FEFS 4y
# 60 min (Ultrasonic Hemogenizer 24710, USA ),
EUEL 2 h, FREEE A KPR BTE 7 )2, 25
o FYEKBORIR B E AN 50 mL BE, & KR
JE&M . B 1 mL ORBURIRERREA, A 8
min J&, HiES HE5(TEM, Tecnai G2 20ST,FEI Co.)
WS YN KR B ARURRL R 73 HCRAS

15 Arg-nHAP &Y Zeta BL{L E

pH=7.4 i, KM UE Malvern Instrument 2 ]
Zetasizer3000 HS ZUAHLJE A AL BT ACHI E nHAP
K 4R & R A& M 10 Arg-nHAP [ L3k i B R
(Electrophoretic mobility, EPM), MIifiil5H Zeta Hi
fi7. nHAP FAEZIRIEMT) Arg-nHAP % 8 %1, %3
FEARMAREL 3 Ik, BCFIAME.

1.6 Arg-nHAP 5&# DNA B4 & K16

EANTE pH {H F, ¥ Arg-nHAP & pEGFP-N, itk
DNA #%fitth 30:1 WA, [FEE pH=7.4 I, ¥
Arg-nHAP 55 pEGFP-N, i ¥i 537 #% Arg-nHAP 1 DNA
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JFEELE 014 10:14 30:1. 50:1. 70:1 A1 90:1 7 B0
WA, o DNA PR E N 0.1 g/L, =HiFtE
20 min, BREIAI G T4 CH#E 30 min, 12 000 r/min
250 10 min, S0 FH_EIEW 10 uL, 0.7%35 fe it
i HL¥K(80 V)45 min, EB #4ff 10 min, K& B

1.7 Arg-nHAP #J DNA $#ZBRES (R 1P 238

Arg-nHAP 5 DNA #% [ Bk 485 SRR
BRI BTN 5%/ N2 I3 A 5% 2 13 (i3
LEAE K] A DNA IR E R, 737 CHIE 8
h; 3# % Arg-nHAP-DNA K &1k 5550 DNA
¥ 1 mU [f) DNase [ V&4, f£37 CHiE 1 ho [AI R
F4 555U DNA FEXT . BUEEES 10 000 r/min 2.0
10 min, 250 5 BPTIE FYEN (20 mmol/L Tris.Cl,
pH 7.4, 1 mmol/L EDTA, 100 mmol/L NaCl; 50 %]
L, FHIRORAPTENE, B0 JE I A, BRI
LGRS s SRS IOk DNA 20 B 3% F B R b e v
VKA 6

2 HR5E

2.1 Arg-nHAP BRI 5R

Kl 1 Bios kG B HAP Jokift) TEM 4. &
1 AR W, REABM BRI & SRR, [F— ok
(PR AR T ST 34040, 2978 50~100 nm. fEKJE T M) 1,
TOORE ) RS} Z2 S 800K, 207 50~200 nme IIAKE IR
S WURLRSTRCN, & 07 0 R 22 48/, BRDIR,
FiAe2h 50~80 nm. 7EKIGAE R A HAP [fd 2
o, B TR RRAESS S HT H HAP S 28 1 (10 W B A7
ST (R E R PE, SEM T HAP SR R IAT N 2%
PHESAT T HAP AR AL A K T7 10 {0017 717K
N R R R W E M I 3 R
—(CH,);NHC(NH,)" 1] 55 HAP(001) i #f & 1) 77 e pE 32
FL(—OH)RAH AR, S SORS 20 00 ] -1 PR
HAP [1J(001)1f, PRI, A 20 P W B B R 82 B A
TV T IAE HAPOO ) H T I, f#45 HAP &%
sl PR v R AR AR 2 Sl S, A% Tl R RO 22
SIS 550, T8 i T A [ 2
B — B BRI R, HAP WA K20, sk £
PR RURLIEAZ AT i, DAV W R R o = A%
BEARTRAF A0/ ) HAP kL.

2.2 Arg-nHAP B8 R AE
Kl 2 Fio A PR XRD 1. MWK 2 W LLE

BBUE, S AUKIRIEREACH BRI AR I B XIS SR 45 STk RE 1205
(a)
f®

Bl 1 /KA HAP R TEM 5
Fig.1 TEM images of HAP crystal synthesized by
hydrothermal method: (a) Without amino acid; (b) With

arginine

J

25 35 45 55
26/(°)
2 160 CI/K#i A B nHAP [¥] XRD 1%
Fig.2 XRD patterns of nHAP particles synthesized by

hydrothermal method at 160 ‘C: (a) Without extraneous
additives; (b) With arginine
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e BTl &1 nHAP FE 5 XRD #5AHZA K, FEIE
WA R, W B A% TR R i 1 45 AR R B LU
o e e . AH R AR SR A AR AN 2 S, A
X (002)0, Arg-nHAP A 5 11 (300) U6 11 58 5 16 K
Arg-nHAP Ff i (1) (002) 0 5 21 1)U LA PR, F 22
REAE PR ARDN 5 5 HAP FRifER K R JCPDs 9-432
(R B PR o IXUESEPE 1 BT R Arg-nHAP FE &
7 1) RO R T30, B AR BORDREIRRR A I 5 1) 5
WG .

3 Fios A K K nHAP A7 2048
HIE 3 iEH, PRARES LM GRS B ARRL, 1
Hh S B A B AT ] BRI U2 HHILAE 565.25.
604.21.1035.78.3 441.75 cm ' A7, IFAE 1 106.57.
1420.30. 1 631.24 F13 570.12 cm™ " 25407 B 1 B30 4
JHAT B gL . FES PO 4 FhREh T
X I TRV B0 U R e vy WEEAE 960 em ! HIT, v, U
i T 470 & 440 cm ' X3, vy A7 1190 £ 976 cm™!
X4, vy WAL T 600 £ 560 cm ' X, Kk, 565.25.
604.21 11 035.78 em ' (58I LI K 1 106.57 em™ (1155
WS nHAP ' PO HRPZA o A% P K 4 TR AE
I L ELAE 3 550~3 200 em ' (X4, (AL, 3 441.75 il
3 570.12 em ' AL AU K K R A R R (OH )
(. 1631.24 cm™ AMHFAEIGE HL0 HIHRBHIE, F
WD ACRE i 2 T W B /D BB 1R 7K 48 o 3 (-NH) R REAE
U HHBLAE 1 400~1 420 cm ™' [X 8], 1 420.30 cm ' I A]
e /Do AT IR R IR A AR (NH, D) 25t

W 5% B DB FLAP 0 S 6 T AR SRR B
TR TR (b)), A7 (R
M.

(b)

—
e
=)
<

1035.78

00 2000 3000 4000
Wavelength/cm™

=
=

3 JKIAG H HAP IS 2LAM 1%
Fig.3 FTIR spectra of nHAP prepared by hydrothermal
synthesis: (a) Without amino acid; (b) With arginine

2.3 Arg-nHAP BifiAY Zeta FE{L

4 iz’ pH AH N 7.4 I Arg-nHAP (1] Zeta Hi
il B 4 nEW, 7RSS T (pH=7.4),
Arg-nHAP [{] Zeta HL474(30.9+8.2) mV, i R{I&1Hi1
nHAP ] Zeta HLA7 K (—12.5+£6.5) mV. X i B4 pad
TR ZR B N4 nHAP F0kL 22 1 5 HUR A K
AEARATE AR, d% I nHAP ()47 Zeta FUA (AR K
Arg-nHAP [P IEAH . 1IX—8 2 Ky Arg-nHAP Btk &
T PR T S SRR B S R IR R B W . ARG IR,
P WIEM Arg-nHAP & SR ZK B A o h 32 004
J, FEHEAThR T, BT RS 2R 52 HAP R 7K A4
A AT A R T A RS IRER 2 LB

-200 -100 0 100 200
Zeta potential/mV

4 pHHN 7.4 I Arg-nHAP /] Zeta FA 112k
Fig.4 Zeta potential curve of Arg-nHAP at pH of 7.4

2.4 Arg-nHAP 5JR#%I DNA B4 & ke
Kl 5 /s i Arg-nHAP 5 DNA(pEGFP-N1 Jiiki)
A2 A B R B e i vk el o AR B, 4 Arg-nHAP

M 1 2 3 4 5 6

5 Arg-nHAP/DNA 545 ¥) iRREI i vk S A

Fig.5 Electrophoresis photos of Arg-nHAP/DNA composite
(M: Marker; 1: Positive control; 2: Mass ratio of Arg-nHAP to
DNA 10:1; 3: Mass ratio of Arg-nHAP to DNA 30:1; 4: Mass
ratio of Arg-nHAP to DNA 50:1; 5: Mass ratio of Arg-nHAP to
DNA 70:1; 6: Negative control
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L5 pEGFP-N1 Jivki i & Lb 23 1 24 30:1.50:1 F170:1 1,
RN AT BT I vk B o R A3 DNA 2%
FWIFTAT ) DNA C.5642 5 Arg-nHAP 454, H 30 pg
Arg-nHAP £/D454 1 ug DNA. RIS MHEEE T
D 5E 1 260 nm G R IER T [RIFE 45 5L

DNA 5 Arg-nHAP 4G5/ Arg-nHAP/DNA
SEY, WA DNA K. Bk, mdd b s
DTG WAR S DNA KR ER FIW DNA 2/
Arg-nHAP U4 & « AWFITH I DNA 454 55560 B
Arg-nHAP 5 DNA JiifElboh 10:1 XSG il &)
DNA, Jii b KT 30:1 A &R Arg-nHAP JL P45 &
T4 DNA.

2.5 Arg-nHAP %t DNA $ii%EsBs B9 R P 14 E

I35 TP AEAE W] B4R DNA Ry, 428 50k DNA
LIM57E 37 CILE 8 h o, &Il DNA Cieai
fi#; 1M DNA 7F5 Arg-nHAP 45 a7 2414,
5 5% 3G 37 CHIRE 8 h 5, P WEilakER
HIk 45 7R DNA 4077 KD RS, B RIS (L
6). DNase [ VWibseiturmiix—454 . X
Arg-nHAP 5 DNA 4545, BEfTURY" DNA, iz
AN MLV Fh R BRI e A o

b Arg-nHAP 5 DNA JFiit LU A, Bkt
DNA Hit%IREG 1 Be AN I, Bkl 30:1 1,
DNA LKA A WAL M35 5% DNase T WAL B .
TEF AR FE R PN 7 1T, Arg-nHAP itk 5 2
MBS T REDE U, A7 IEH Arg-nHAP $ifk
L 47 Hi ) DNA Sl i i 51 77 XN 4h &, W4 DNA
i NEEABA/DNA S EYAR, NIk 24 34 &
IFOR4r DNA Sl A% IR KRR .

-P-LnJN—z

6 Arg-nHAP X} DNA {4 B 5EHE F ik i A

Fig.6 Electrophoresis photos showing protection of
Arg-nHAP to DNA (M: Marker; 1: pDNA mixed with
Arg-nHAP in Dulbecco MEM (DMEM) supplemented with
5% fetal bovine serum; 2: Single pDNA in 5% bovine serum
with Dulbecco MEM (DMEM); 3: Single pDNA in 5% fetal
bovine serum with Dulbecco MEM (DMEM); 4: Single pDNA

in fetal bovine serum)

3 it

1) KA BOEFET, ISR &R A+ 315 R
RESE NI TR TR NP S e ST Y/ EF b TS

2) FEEIRFR B A nHAP 3R 1 FEaf [ H Pk,
H Zeta WA RBI(—12.5£6.5) mV 28 N 1EH 5
#1(30.9+8.2) mV.

3) 4 30 R HAALN Arg-nHAP Al 7k E /0 1 A4
JotE AL [P) JSORE DNA, 173501 DNA W HUAHAX 12 g 1)
W
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