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1.1 FERXHA

S AR M W (HPET, Mn=25k) , Sigma-Aldrich 23 ) 5 % F 2R B [k 420, R i R 2= BHEL A A 5 B34
MRS (B-CD) ., B & 3 B 2 B i (mPEG-NH, ), b I & 4l 4= £k BF 52 B0 A BR 2 &5 18 & 26 it &
(AzoCOCD , REELT AL AR F T 5 ok DNAGRER) . i B A R A BR A &
1.2 HPEI-CDs & Rk

HPEI-CDs B4 1 B 4 , s ek 6-OTs-B-CD (4 7 % W2 % ek . # 7. 5g B-CD F1 0. 8g
AT 65mL /K o 3557 36 Pl I T 43 HO , 76 VKKV 2 F 30min NIZ T I A A 1. 3g X HE K
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T ESE Y Sml ISR Z A B b, 2818 W 3h, R R 45 R g R 2 U0EY . & Tk AE % T k.
SRIG K EIKE A IV G g 2~3 W, B2 TN B a7~ 4 6-OTs-B-CD,

3 1l NaOH,H,0
b 4 S—Cl ——»
(I)I C,H;N
TsCl 6-OTs-B-CD

1 6-OTs-B-CD f4
Figure 1 Synthesis of 6-OTs-3-CD

HPEI-CDs & B 7 % W& % 3Ck™ . ¥ 0. 5g HPEI #l 3. 8g 6-OTs-3-CD i T 30mL Ay JE/K — F 5
EMJXL(DMSO)EP AP EMT T 65 C}ir“ 3 K, W BT A (MWCO6000) B Hr 4 K, BTl &
R0 THAS 2 B AR =9 HPEI-CDs, 3RPRE (CD) 3248053 i ' H-NMR 15,

6-OTs-B-CD —

Kl 2 HPELCDs 4 i
Figure 2 Synthesis of HPEI-CDs

1.3 Azo-PEG W&

Azo-PEG W4 M7 ¥ WS % SCHY . FREL 0. 6g AR LR 2 B (mPEG-NH,) , 0. 3g {8 %0 7% it
SARNE B EALEE AR T oK N N-ZH SRR BRI R T =R 24h, RN IR B8 BR
Foad 0 S0 BE AR £ Tk HE AT DT VE JT 3l I8 R A 3 W T A IS MR T A& BT 4% (MW CO3500) i # 4 K,
2R TERARB HER 7Y Azo-PEG,

Kl 3 Azo-PEG W&
Figure 3 Synthesis of Azo-PEG

1.4 HPEI-CDs/Azo-PEG/DNA %8 3 &k i %1 &

HER PRI N-2-F2 L SEWRBR-N-2- B R 4. 8g, N A B fif =78 K A 2 1L, b JEFR I, 0 26 )5 4°C f&
f2, 073 20mM 1y Hepes Z . R H Hepes Z I BL & 100pg/mL k5 DNA %W, Azo-PEG 5
HPEI-CDs DA Azo : CD=4 : 1 BEE/R LA IRS 15min, ARG E 1h, BEF AL 1 1 5@k DNA
WIRIR A Smin, BI115%] HPEI-CDs/Azo-PEG/DNA #1354k, [F R}, R T 47 %5 L BF 5T, SR BOCR L) & %
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PEG detachment

DNA release

Kl 4 HPELCDs/Azo-PEG/DNA 4125 14 i) [ 4128 K fig 1A
Figure 4 Self-assembly and disassembly of HPEI-CDs/Azo-PEG/DNA assemblies
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"H-NMR X H INOVA500M HZ 7£ 25°C ,CDCl, A5 . TMS 4 N AR 281700 5E 5 3 BB EU (DLS)
% H BrookHaven 23 A B BI-200SM 7E 25°COGIRINH 25m W, #OG I K 632. 8nm, 90 1 i# 17 % ; TEM
K H Philips A7 TECNAI G2 F20 7£ 200kV il B 0 56 5 2 1fif B 437 R H Zetasizer Nano-ZS/ZEN-
3600 AL FEALIN AE 5 558 CUV) SR FH AL 508 B i FH T6 5t 20 58 4071 WL 4356 % BE T H #4700 2

2 #R53%®

2.1 HPEI-CDs X Azo-PEG %5#) R fE

HPEI-CDs £ H-NMR W& 5Ca) i .3-CD H1 Y C X R {4 [ 7 5. 4. 9ppm, HPET L A9 1F1 il F1
g 1y 5 -0 = B AE TPAE §:2. 0~ 3. Oppm., il 1t 5 A 153 CD &ﬁ?ﬁ’m 3%,—4 HPEI 0 T KA A
20 1~ CD 4rF. Azo-PEG (' H-NMR & 5(b) i 7~ ,8:7. 0~8. Oppm & K I T 71, 5: 3. 5ppm /&
PEG Ik 8 85 B foo by o1,
2.2 HPEI-CDs/Azo-PEG/DNA za”*ﬂl:ﬁﬁ%ﬂ

KT B AR TE N/P F %t 4 2 4ok 72 B $% i, B 2% . % 1] DLS % HPEI-CDs/DNA #l HPEI-CDs/
Azo-PEG/DNA #47Xf L BF5Y . 45 5 4n &l 6<a>Fﬁ/T TE AR B N/P H R, HPEI-CDs/DNA 1 HPEI-
CDs/Azo-PEG/DNA 41 3 (K ki 42 2 BLAH R 9 28 Ak #a 5, BB N/P L 938 Rmi pdl /b . ZE A IR N/P LER
HPEI-CDs/Azo-PEG/DNA By R~} 34K /NF HPEI-CDs/DNA, [E B} %} b AR N/P 6T A 4 2R %
T L7 TR 6 (b) i, WF 98 & B HPEI-CDs/DNA 435Ky i 7 i % N/P eI inmise kK, 1 PEG 3
B B PEG J2 09 W far BE R T, B 20 28R 00 i 6 B B AL > NP LE 3 m 3] 10 B, HPEI-CDs/
DNA B2 M +18. 5mV, i HPEI-CDs/Azo-PEG/DNA (K& H A7 K+ 3. 5mV,

DI b5 R i 3 &R EH, HPETI-CDs, Azo-PEG VI & DNA W4T 7 A4 %, it TEM

L D — &I, AR N/P R, A 43K HPEI-CDs/DNA #l HPEI-CDs/Azo-PEG/DNA 4 5 kL

TSR IS KT . S N/P HOH R, R AR 52 308 W B AR A fa 4
2.3 HPEI-CDs/Azo-PEG/DNA 42 £ 8 % iaE M

[ 2 2 R AR TR 1 VR B T R 150mM, dl i DLS I 5 A [) 355 3% 6 18] T 13 26 258 4 100 s 422 /D 3k 1)
EHREEM R WE 8 Fin, W5 &BLL.N/P L 4 F1 6 Bf, Wi 2] HPEI-CDs/DNA 41 % f4k7 475 3 K
F Tpem BT, HEE T BB AR AEFT N X e T HPET b (5 51k A i A0 R0 e 35 P i 1 4 B 1) 2 1 5 40

10. 14028/j. enki. 1003-3726. 2020. 03. 006



553 = 2 S i .« 43 .
(@)
. —(CH:CH;NQ—(CH:CH:N‘H et

CH,
o o0 *

a
OH b

OH DL

H,CO-(-CH;CH;O)-;\{I—C T N=N_ A
ANane
(b) 4
), RL
70 ) 50 a0 30 20 10

&/ppm
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Figure 5 'H-NMR of HPEI-CDs (a) and Azo-PEG(b)

250 25

772 HPEL-CDs' DNA
3588 HPEI-CDs/Az-PEG/DNA

(a) HPEI-CDs /DNA o)
B8 HPEI-CDs/Azo~PEG/DNA

N/P ratio of different polyplex

N/P ratio of different polyple:

6 HPEI-CDs/DNA #l HPEI-CDs/Azo-PEG/DNA [ %42 (a) FHL 47 (b)
Figure 6 Particles sizes (a) and potentials (b) of HPEI-CDs/DNA and HPEI-CDs/Azo-PEG/DNA

SR AR Z I B T %%, R 8K N/P 53 HPEI-CDs/Azo-PEG/DNA 4 %% & CD &
BAE.5Z%AM PEG Bumi A, A4l A A B ER AR 2 PE K 2% . (H M I T HPEI-CDs/DNA A fif ##
o M N/P 32 # 8 Ml 10 B, T PEG £t 934 in . PEG J2 1) HL 4 B i A FH 3% 5% , HPET-CDs/ Azo-
PEG/DNA 44k et 842 & . TEM &% 5h 5, HPEI-CDs/Azo-PEG/DNA 21 % {4 1) f5Uki
AW 9 iR ATh R PR FE L (4 BRI 25 48, B A2 R/NBEA R FEANZE , Ui B HPEI-CDs/Azo-PEG/DNA £
e N/P HF L BB B R RS AE T
2.4 HPEI-CDs/Azo-PEG/DNA 28 3£ {4 st 45 i

AR (Azo) 7E A=365nm YGRS MF T L 40 F 45 M ] fy Sz 2 25 0 7 0 Sy = 285 4, AT D6 B0 4
Mo 1A R Azo 5 CD ARV G VR, LS5 Azo YRR 1 325nm . 1 2L 45
) Azo MWK FE 428nm &b, PR IGGE i 5 AP EEANE 2 T PEG fbll 47 F A 2K Azo HIEEURHY
R P A5 R BE IE & L S5 R AR 10Ca) B /R L 1E 20t 10min YE IR L Azo 76 325nm b 1) 48 Sh W i e 2%
REAIR A 428nm AL W WSCEIA T3 m . 3 Ui W o3 T2 B0k Azo R FF T OGBUR I FRRIE

PE— i 1t Zetasizer Nano-ZS/ZEN-3600 R HPEI-CDs/Azo-PEG/DNA £ 25 1A 75 A ] )i B 15} 7]
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7 HPEI-CDs/Azo-PEG/DNA 7E N/P HWAH 5354 6(a.b) \8Cc,d) il 10Ce, D Z A5 T 1035 5T B 4%
Figure 7 Typical TEM images of HPEI-CDs/Azo-PEG/DNA at N/P ratio of 6(a, b), 8(c, d)and 10(e, f)
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Figure 8 The aggregation stability of different polyplexes in physiological salt condition detected by DLS

(0 min means at prepared condition)

K9 HPEI-CDs/Azo-PEG/DNA-8 (a) #1 HPEI-CDs/Azo-PEG/DNA-10 (b) ZH %% {4 175 5} i, 5%
Figure 9 TEM images of HPEI-CDs/Azo-PEG/DNA-8 (a) and HPEI-CDs/Azo-PEG/DNA-10 (b) polyplexes

TR ¢ AL EE R 10(h) Frzn . BF 58 & BR, Bl 25 R 5 A 18] A9 4K, ¢ fE A0 728 ¥ 28 1 180, X U B Azo-
PEG 1IETEZ A H D\ CD 25 i v i 28 oK 246 BRI [R] 34 21 25 min B, H: ¢ #4738 K 3 5 HPEI-CDs/DNA
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Figure 10 HPEI-CDs/DNA-10 and HPEI-CDs/Azo-PEG/DNA-10 UV absorption spectra (a) and

potential changes with illumination time (b)
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I ERARG A B 1Y R ARPE T A S0 T BA OGR4 HPET-CDs/Azo-PEG/DNA H ZH %44,
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Construction of Photo-responsive Gene Delivery System Based on
B-Cyclodextrin and Azobenzene Derivatives

TANG Qiang” » ZHANG Hong, ZHOU Bao-han, XU Bao-ming

(School of materials and chemical engineering s, Hubei university of technology s Wuhan 430068, China)

Abstract: Based on the host-guest interaction, HPEI-CDs/Azo-PEG/DNA polyplexes was prepared by B-cyclodextrin
modified with polyethyleneimine ( HPEI-CDs) and azobenzene-conjugated with polyethylene glycol ( Azo-PEG). The
stability of its physiological salt condition, size. morphology and photo response were studied. The results showed that
compared with HPEI-CDs/DNA polyplexes. the introduction of PEG significantly improved the stability under
physiological salt condition. With the synergistic effect of PEG shell charge screening and CD hydrogen bonding, the
surface potential of polyplexes was only +3mV, uniform and spherical microparticles were achieved. The surface potential
of HPEI-CDs/Azo-PEG/DNA increased rapidly under 365nm wavelength illumination. With the extension of illumination
time, ¢ potential eventually increased to a level close to that of HPEI-CDs/DNA, it indicated that azobenzene (Azo) was
transformed from trans to cis-structure, light irradiation made Azo-CD inclusion complexes disassemble and lead to PEG
shell detachment.

Key words: Photo response; Self-assembly; B-Cyclodextrin; Gene delivery
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