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DA R PR B T FR AT NalO, AL B9 BE AL RN HEAT B K B, 48 T L LR i A SRR A

# Chol-Dex-CHO; FI RS R 50 MMM IR AL R B, E AR LB BRI ADRE - ACER _ TR
EEESHEEHBRHEYEE FORERE . B REDRL (3% ) FEE M IEF(Chol-Dex-Biotin) ¥ HFL M
(PLA)5 Chol-Dex-Biotin R EBF TR RERE T WEHEMTESH K EAMET PLA B TXRH,
BHOTFRMESEFHEMENARENFHOREEXSEH, BERENMEERR TFRESHESD
T E 8% Chol-Dex-Biotin 55 PLA FORR b, 1T L8 T ¥ B F A9 8042 (150 ~ 200 nm) , X-H$ 4% 36 # 7 68 i UF A 12
1 47 5 EFE7E Chol-Dex-Biotin. #E BL At F , A FITC $RIEH M BB (TEFITC) AW R L& oG MER LM
BEE T, ANES RN ERRENE-FERYHSSTHEANEN A REOEE PLA KRR RELGTEE
YA TSN, BREE TOH G NESMAY PLA TEHOE F (TE-PLA-TgG submicron particles) . I 34 T
FE TE MR 1gC M2 44 PET RN B HENN AR gCRR 3 E 4k E8 (I.G-HRP) B & KN L .

x@iE WEE RAR, IMRET, ®E, 9Kk

RGTWB FRFRERMYEE, EEXNE
BERKWERRE, TELEERRE, BEREN
BE, RN EEREY AT, BEORR
WIF—RIRBERT —REAYRERTR
AHAN A, T EHARBARW, WY
RN HGHRNBRTFERLDRESE
MEhREE FASEE, URAR(PLA) FEMM T
METERAARFHEWHERE, BHEWE
T KA R T RESRAEE TS
AN, MEWEN P E ST SRR, AR
ARAZEREDAG, AR RFAEHEFE,
AHEm, XE L SBERANARTRESR
Z —EEARAD B AE & 1R P BT A T R0 £ T B stk A
SR PLA THRETFREAMANTEDIE
BT RLEe Bt AEEENEYERX™.

#yREESRaNERE TS RBERIT
L 1 ) B AT SO R AR R B TS L LART R
SHTRARRTFRKBR RN ADNEL,
BREMKBREREER -FHERAZESR
BRERMREA BXEATERARIERETE
1 B #8118 SR 32 B 45 o A 400 T (i i 5 e )
KOO , BELRS T B 1 0CH) Bk s 4z , 8P A 47
MEREEAEEYE. —HERORRTERE

ETHBETFREIAZHIELE T, HPEM
HFreShFEdEnnNERELYRE, T
T B T WU 5 5 3 AR T ) B e e B

AFRERT EWR LA HE R KSR
3 18 ( Chol-Dex-Biotin) , i T H [ BE i i 7K 4 71 %
4 T &% i 25 /K 4, Chol-Dex-Biotin B 4 T E %
e, R AT AR KR A RENREALHWHET
Chol-Dex-Biotin &5 A9 PLA Tkl 7. YA E
% IgG(biotin-IgG) MFE K E B (TN AHEAEW I
BRF ARTEIEXNMEBERREYE-FRERY
BMEAFHNANERECE PLA FRMREE
H AT & 4 BT b .

1 B

1.1 AP SR

B F M (Dextran 40000) . RHEMEN K
(FITC), Sigma A ; HFHREA (T RANE £W
Zib a5 mBRE O (Biolin-1gG) AL 1eG-BR T £
L8 (1gG-HRP), SEEF/RBEYE AL R HE
R, AWra, FEAERAERA A, LBES
RGER; D, L RAM(PLA, 30Kda), WREST
SRRBT 9T BT s BEHIBR BT \NalO, , i 4, KB ik
ERA—T ;PR (+ D-Biotin) . LR
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W RE(DCC) \ N-BZEIEHI BRI 2 (NHS), EEBEH R
EYARAF;C ZBHE R E[10] 8 # ;i
B fF. " FEEM(DMSO) N, N-HFEP R
B (DMF) . Z 7.8, 4 i o, KRB R EH B A &
H,Y92TREXLH,HE.ZE. _REN
(SOCL ), - ¥ral, RE K FR RN AR, HEME
FB BT 4%, MWCO 14000, K M3 /A A .
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H NalQy, Light-avoid HO pH=54 (O=CHO
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H H —— H . l-E)HC — ') /
OHC :
S % HN,

135 FT-IR J5#% 4% ; Varian UMTY plusd400 NMR; Jeol
BT BB, B AW F ¥ (Jeod LTD.);
Nanoscope Illa # [/ F 77 Bt 4%, RERFMRHL
#] 3 90Plus/BI-MAS £ f R 2 W (X , X E Bruklin-
haven;970CRT % X643 X e i, L F % UH{E
PR E .

1.2 &4y 3 4L BB B B HE 7k iS04 3 3 X ( Chol-Dex-
Biotin) 1 & KX

HARKEKRWE 1 Fix.

Fig. 1 Synthetic route of Chol-Dex-Biotin

1.2.1 JH & BF-3-2% 5% 30 AR Bt % ( Chol-Succ-COCH)
R & 1 mmol JH [ #% ( Chol ) % 20 mL kB
B, A S mmol BRFAREET ,70°C T LR 6 h, MIER
Hiagee MR EKTKFE(I0OPER. B
Fz B P ESRIEAGEE -3 RHRE
Chol-COOH. _

¥ Chol-COOH ¥ F /& CHCL, ¥ ,3&—COO0H/
SOCL, (mol/mol) = 1:2 B B & L B HF T 10 mLT
M CHCL , BB RmB ik R P SR E T
F 6T, KB 4h, BEFOER SRR EENM
RERE SOCL, , 15 HE [ BF-3-2 3% 71 AR Bt 4 ( Chol-
Suce-COCL) , =¥ B ¥ T IL/K CHCL, , HEHFH .
1.2.2 HAEME-EE{LA EHE (Chol-Dex-aldehyde)
KH & 0.5 g BB (0.0125 mmol) B T 20 mL°
FEFAH, ¥ 10, 85T (mi/mol) = 1:3 X
HE W N A NalO, , 1 2 7E 7K ¥ T 8 b 5
8h, X & B FKBH (cut-off = 1.4 x 10° g/mol)
Bh,HENSTEYLH TR, =F91.6% . LIk

BERBEEEN AR RENBESEN
2.21 mmolfg[u] . .
BIAKTEAEREST 40 nl T#
DMSO W, i iE & = 2 Bk, I—CociE 5 ¢
{mol/mol} = 1/10 & B Chol-Suce-COCY i I A BE 4k
B BRI B, BSAR Y 80°C L 8 h, =3 &
BT K BEH (cut-off = 1.4 x 10* g/mol) 48 h, ELTH
YUk T 1%, 18 Chol-Dex-CHO, RE B =X N
89.5% .
1.2.3 M [ B9 5 W5 -BE B ( Chol-Dex-NH-NH, )
1B [E BE-3# % 8 -4: 97 % ( Chol-Dex-Biotin ) B9 fil
&3 BB Chol-Dex-CHO ¥ T N,N-—
AP B (DMF) 1, Z B HE MBI C BB K
Na,AC (5% ,pH =5) B WPHEB T, EWEN 24 h
BULH BEULTE, % % T 178 Chol-Dex-NH-NH, . %
Biotin: NHS:DCC = 1:1.5:1.5 B9 bbbl & T 4%
DMF 1" K 7 24 b, 1 3, K SE R N =
& Chol-Dex-NH-NH, BT DMSO K&+, R Bt
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T, % R WX 35 B K B T (cut-off = 14 x 10
g/mol}48 h, FE T W ¥ % + M, 75 Chol-Dex-Biotin.
#: 4 Biotin 5 Chol-Dex-NH-NH, &9 Bt k. 3 %l Biotin
R BACHE :
R &P W4k 1L FI-IR F1' H-NMR =1 .
1.3 Chol-Dex-Biotin ¥ B # f i PLA TEf# T
wE
40 2, % Chol-Dex-Biotin 5 PLA ¥R B by
¥ TF 5 mL DMSO #,%f pH=5.0 Na, AC Z MiF
VBT (cut-off = 1.4 x 10° g/mol) 48 h TE LB E M)
WL BARR BRELCFEFFHE, ZH
345 4 Chol-Dex-Biotin, 8 32 [ Chol-Dex-Biotin &
Mif9 PLA ¥ $0B. 7 (Chol-Dex-Biotin/PLA I f{ i
F). UL 90Plus/BI-MAS 2 £ H B 42 ) 2, 130 0 =0
F Ry 5 Rr1R ) 45 ; TEM L AFM WS T OB, T-/Y
e, HE Tt X e B (XPS) B iE & i b &
T2 PR ATE, R PR AL 77 Bl 48 XPS %45 .
1.4 Chol-Dex-Biotin f§{ff PLA ERIM FRE &

B BEHXBRFHERE
FITC #7080 Tf B % IgG 7 bRl &Mk &
HEERREWE 2 i .
PDLLA Chol-Dex-Biotin

S

() Transferrin

DMSQ solution
lDialysized against water

Avidin Biotinylated IgG

Remark: Cholesterol; «— Biotin

HO

Fig. 2 Schematic representation of the forming of PLA nanoparticle
and its bi-functionalization
¥ NalO, & 1k B9 FITC 43 ic B & & B (FITC-
T M A Chol-Dex-Biotin/PLA ¥ #OR F 2 #UIK F ,
ZERBE 2L BEELEMEULEWBEESE

HIRUBRERESH L HREES BT pH
=7.6 FETPER, MAFEFE,37CHI1h,1.8
x 10° t/min FRE.OIHFBAEBEE 3 RUBRERE S
EME,EAET pH=7.6 HEWPHEW, ALY
FihH % 1gG,37CH4L 1 h,1.8 x 10* vmin F 5
DHBEERIRUBRERSE SR 16, BREMN
I i 4k A B BB 4 PLA TEROR T

FAREEMENE LRMEMBRET,
AT LA B E SR R FITC 3718 Tf M TE; T A HL
IgG-BiR i & 1k H 6§ (1G-HRP) #1434 8 3 W )
B 9E A M Th BE L 4L 35 5 IR R T IgG MFTE.

2 HR5WR

2.1 A% 4L AB E B 5 ok 2 14 7 3 9 ( Chol-Dex-
Biotin) # 5 3 R 4E

of Pk b REL D R e e A BROM MY HEAT 4 A1 SR
fF ,7F 1733.1658.1550, 1462 cm ™" &b H B I it e,
K 1733 em™ N EEE-3- LR H RS HEE TP
y(C = O) R ¥R 3 MR 94 5 1658 1550 . 1462 cm ™' 4
B 1w I A B I R o, S BH e
Dextran T4 b B¢ 0 B — BEAk.

B 3 34 Chol-Dex-NH-NH, 7E DMSO-d; 9
"H-NMR # B, B & 0.6~ 1.1 X5 T B BE
FEPEE18.19.21.26 27 i 5 MAFEMNR
F.oxdt - AL AEREERRAEREERLE;
5 4.9%14.88 BEEMIE S XA THERERME
F,0 4.6 4.5 T(a)l ~6 BFHHFREEMH
BFETF,8§3.7, 34 32 TFRAERF; W
8 7. THBREEE I H 894008 , il — 20 1R B
HO_BUEBREAEER IS L EdHE . BE
BEHEEER9.2%.

L 1 1
0 20 1.0

50 70 60 50 40 3
, 5

Fig. 3 'H-NMR spectrum of Chol-Dex-NH-NH,

4 34 Chol-Dex-Biotin £ DMSO-d, + #)'H-
NMR #% /& . %) B F 5 # Biotin Y Chol-Dex-NH-NH,

f9'H-NMR &5 (B 3), 7 8 6.4 2 H 3 —3F g,
TR F Biotin E M4 NH MEEMB; RS 7.7
HBEBEH TR HSRE TR, 2R T HE
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Biotin LA B9 JR H . 2 11 &, Biotin B ER E K
3.2%.

i I 1 i 1

70 60 50 40 30 20 10
5

Fig. 4 'H-NMR spectrum of Chol-Dex-Biotin

2.2 Chol-Dex-Biotin f§{f PLA T ¥ F i3 8 &

B 5 & Chol-Dex-Biotin TEKIBFHR T A BEE
BEgR 7, ETREREARBEFHRE
3 30 ~ 90 nm. %% PLA 5 Chol-Dex-Biotin Xf 7K 3£
EHH,ERAB T TEM 0 AFM B A 01 HE 6(a)
1 6(b), B E AT WLILFE T 7] TB LR E L H R
kL.

FEOE R B O MO MR R RN SRR S
75,45 - 3 B Chol-Dex-Biotin/PLA R B & B A
MR (B 7), B 0B s R 42 K /N PLA N

Fig. 5 The morphology of Chol-Dex-Biotin self-aggregated submicron
particles observed by TEM
Concentration of Chol-Dex-Biotin = 3 mg/mlL

ABBIE AT A (E ), X—4 R8T LE
1% PLA 5 Chol-Dex-Biotin [ H 5 75 18 Hb 35 i
KR RB R /D EBIE R R R S 4E PLA
# DMSO L E Tl & W HROR Y, B R B A4
P AR K 250 nm BB T, BEERRE
10% , X Z ¥ PLA JE R 2 REA . 1 L1 Chol-Dex-
Biotin 55 PLA X EWE MW WM FR&ERA
70% ~95% , HEH B IFHBEN, EKBEB P
BA4RFFAHIHAR.

Fig. 6 Morphology of Chol-Dex-Biotin/PLA submicron particles observed by (a) TEM and (b) AFM (Chol-Dex-Biotin/PLA = 1:2)
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Fig. 7 Diameter and diameter distribution of Chol-Dex-Biotin/PLA
submicron particles measured by PCS
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Fig. 8 Effect of the PLA content on the average diameter of Chol-
Dex-Biotin/PLA submicron particles
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2.3 Chol-Dex-Biotin #{ PLA LHH FHIRE

LoEiid
PLA JF 0L F ) 3% I 45 49 5 41 % e 4K P9 43
HEEREER N LEREHALEFBMmKX
B OATRITRAEVEAAEYRFLE, LA XPS T
5E Chol-Dex-Biotin/PLA YE#UH. T #2403 . XPS
SHEERER, M PLA MM FREERETHE C.0
JLE, T Chol-Dex-Biotin/PLA T 0¥ T % T M H
BT NETREBETESEREK1.5% . #—F5hH
40

Cls
30 |

2.0

C/8(x10%)

1.0

0 1 1 L I 1
292 290 288 286 284 282 280

Binding energy (V)

B Cls(B 9) T LA & B, 4l PLA M ERRE Cls 7
3K, 8% C—C(285.0 eV),C—0(286.9
eV)FIC = 0(289.0 V), HH C—0 MIC =0 H
ML 1, AR RER AR EANL
%8 . M 7E Chol-Dex-Biotin/PLA T 1 #% T %
I Cls BB 3 &, BT 286.9 eV 9
SEEAEKRT 289.0 oV HMEMH, X— M B EHHK
BEREHT C—NEBHTIA . B XPS 2£iEF Cls
PR LR PLA REAA EBTAYFE.

40F

30F

Cis(x10%
[
o

292 290 288 286 284 282 280
Binding energy {(eV)

Fig. 9 Cls spectra of (a) PLA submicron particles and (b) Chel-Dex-Biotin/PLA submicron particles

2.4 Chol-Dex-Biotin &9 PLA TR FRE %
BTt ETFHAEE

Wk FRmE BA YR E FRHERK
¥ F B T 32 1 A 6] B 25 & 4L L . Chol-Dex-Biotin
R PLA ik 7R MR A A A T e fk
AT&4RAA, —2EYE (biotin) RHME
(avidin) )L G008, Z R BB B P L4 & {1
A& H N Biotin WEME R HF 3.2%, FF LITE Chol-
Dex-Biotin 2 T &M TR RERAKEN B MER,
X 2 B W] 4t NalO, 44k RO TF 38 o i B -k Y
BEAR L A TR RTE. MAEY KRR
CUELTEYRE-FNEYELSS TEMAER
. ERFEREEYREYZELRPENEEGR
BLEERNERSHER LSEENEBANER,
Hbe@R-FNEESHEEY 10° IVmd , ERE
HOIR A0 pH W E AR .

TMTHEEHRBEFRANGSSRESUENL
BB S CE TR E . b THAR
BB ABELR 400 5, ETHNFITHEBER
HR—HEAOMAEWM L BME . 0T H
B F & FITC-Tf 5@ W AT 8B4, R T ROK &R
BB F HMFHENSGIERT TN FXRE

MZE PR EH MERN I AN RE
W K& %N 2.34 mg TH/100 mg THH0BL T

B TgG FERUR T RE R LA N LA REET
HALK ELISA bG35 . HF 3 5 HRP R0 A
hif IgG 5N T RE R G 5455, HRP £
bt Ak 2 AL 70 B B K i (TMB) RY R B, B
Wil TMB EHEE HERESE SR G T WIE
ok F 5 3¢ 5 B3 B WO F & R )E 3 7%
e, REE A& NEE T8RO F 2 HORE R
BrUEEEG MEAXBAN2ERHEE EHR
% 1gG M5 .

g BRI, VA R 8 [ B K o e R
# (Chol-Dex-Biotin ) 1 3 3. B 4y [F R , 3435 thr i il
FEBEOEHHEIBRIEIME T, EHESTE
HEMEFLEHMERERHE RN LN 72
FEIEBHIRIE , BO6RLE OU E 3R  TA0N
BiFE R 150 ~ 200 om, H AT 1 Chol-Dex-Bictin F1

. PLAKYEHI# . XPS MM T T 40K T R &

ERMAEVHFE. AR, E3EWER-F
MEVHLSNER-BMUENESTHEESRERD
e IgC RINS & TEMN FRT, ERBER
T 1 i R LR WO T
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SURFACE MULTI-BIOFUNCTIONALIZATION OF PLA SUBMICRON PARTICLES
COATED WITH AMPHIPHILIC DEXTRAN DERIVATES

GU Minggi', YUAN Xubo', TIAN Enjiang’, SHENG Jing'
(" School of Materials Science & Engineering , Tianfin University, Tianjin  300072)
(® Immunity Laboratory, Institute of Incretionary, Tianjin Medical University , Tianjin 300070)

Abstract Amphiphilic dextran bearing biotin , cholesterol and hydrazide side groups was synthesized by esterifying
of dextran polyaldehyde with cholesterol 3-hemisuccinyl chloride, followed by reacting aldehyde groups with adipic
dihydrazie, and then conjugating carbodiimide-activated biotin to amino groups.The resultant dextran derivates were
used to co-dialyze with poly(lactic acid) (PLA) DMSO solutions against water to form PLA submicron particles with
dextran derivates anchored on the surface.The morphologies of the submicron particles were observed by TEM and
AFM, and the diameter and diameter distribution were measured using photon correlation spectrum. The results
showed that the submicron particles were spherical in shape,and the diameters could be controlled by adjusting the
ratio of the Chol-Dex-Biotin to the (PLA). The surface structure of the submicron particles was measured by XPS
and the results demonstrated the existing of the dextran derivates. By conjugating these submicron patticles with
transferrin through acryl hydrazone reaction and IgG via biotin-avidin mediated physical linking , respectively, PLA
submicron particles bearing transferrin and IgG protein simultaneously on the surface were obtained . The conjugation
of transferrin and IgG was proved by fluorescence microscope and color development reaction of antilgG-HRP.

Key words Dextran, Poly(lactic acid), Submicron particles, Surface, Bio-functionalization



