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Abstract: In this study, poly(ethylene imine) (PEl) modified by methoxypoly(ethylene glycol) (mPEG) and folate as &
gene carrier was synthesized to decrease cytotoxicity and to improve in vivo targeting. mPEG was modified by glutaric an-
hydride (GA) to endow carboxylic end group, followed by the activation reaction with EDC (N-ethyl-N'-(3-dimethyl-
aminopropyl) carbodiimide) and NHS (N-hydroxysuccinimide). The activated carboxylic end group of mPEG was reacted
with the amines of PEI to give mPEG graft PEI. The mPEG-folate-graft-PEl was synthesized by the reaction of mPEG-
PEI with folate pre-activated by EDC/NHS. The obtained copolymers were characterized by *H-NMR and FT-IR. Gel
retardation assay and fluorescence measurement indicated that DNA formed the complexes with the synthesized copoly-
mers above N/P charge ratio 2. The size of complexes was ranging from 100 nm to 300 nm. In conclusion, we confirmed
that the synthesized copolymer have the possibility asaDNA carrier.

Keywor ds gene carrier, MPEG, PEI, folate.
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Zz)ed& o)) (PEI, MW. 10000 g/mol), HI&A|Z2]| (el
=2 Z)(MPEG, MW. 550 g/mal), glutaric anhydride(GA), 1{3-(dimethyl-
amino)propyl]-3-ethylcarbodiimide hydrochloride(EDC), N-hydroxy-succ-
inmide(NHS), Z8]3 ©|E]fF B.&Eu}o] =(EtBr):= Aldrich Chemicd Co.
(UsA)ollA] F-9)3te] Al-g-315iT) 54 wl(Vikese Co,, USA)> MWCO
35003 AHESFITE B9l 2Eal HER FRgel=(MC) T4
Sl SRR ALgE T

22mPEG-GA2| &4(mPEG-Co)

MPEG etel] @G IFO R JHIA] 1FS B flte] the
3} e 7S A5k mPEG(0SS5 g, 1 mmol)9t S5 60 mL
£ 3] Hxd Foube Fekedd Wil | 2B E(Dean

- H
sto] 130 TellA 5AIRE 5t nnkslHA] 31 &
5 A g AASISE T F 40 mL =FAe x5kt
S vl 2k E (25 CYHA WA ASE 3 £ 2
2] Z2H1 mL, 0.01 mmal)¥} GA(0.1198 g, 1.05 mmol)% Qi C
ol A 10A1XF WHFEPAA WREAIA Tk WS- & 20 CollA] 3]
TS ARESle] EFels AL 7stste 1 AZAA 9%B% T
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PEl°l mPEG-Co2] 10t 1] HH|Z T~ EH P10 tha &
£ Yo 3T mPEG-Co(0.0199 g, 0.03 mmoal)S EDC(0.006
g, 0.0315 mmol)2} NHS(0.0036 g, 0.0315 mmol) 18|32 MC 10 mL&
Z Azy ol kel dar Aol 308 F9F kA

71w W3- W8kt PEI(3 g, 0.3 mmal)S MC 20 mL=E &34 7
3, Bk 9 mPEG-Co7} &3ll=o] 3l Sty Eeh=e PR &
NS H7FeIa 3AIRE FF wksl] WESAIFATE ¥R $ 20 C
oA AT Akl MCE B AAAR L, Sk 28
2F0 Folle mPEG-PEI 34 B8 SHTE §dA & F
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HHSEAS AASIIT 9 A8 B3l GAE 895 54127

2 7Azste] 92% F&2 mPEGY} 12 EY PEIE A5t
2.4 mPEG-PEI| =.—L-_=Ei|0IE°I e =E(mPEG-folate-graft-PEl)
MPEG-PEI°] EHo|EE T ZES] Al v 22 #8&

718 35}31 T}, Folate(0.0047 g, 0.01 mmol)2} EDC(0.0019 g, 0.01 mmol)

Z]3 NHS(0.0011 g, 0.01 mmal)E 574 10 mLE Sule &

2ol Wil AeolA] 30 Bk wwnket WkE-EkITh mPEG-

PEI(03199 g, 003 mma)E FFS 20 mLZ &3AIF AL, v &

sl EdolErL g3lHo] e S FekIe] mPEGPE!

T8N WL, 3ARE B3 awksh RESAIZTE §R3-o] £ mPEG-

PEl-folate =84 4 2ol 3‘0} 2 ColA 7277 Ft 7 T4

£ AAEte] MRS AASAL, B T 5 AGA|Eox] 8-

S SAxI|R Hxste] 8 TEE EHlo|=7F mPEG-PEIC

AR T2 BAL R 7]EA e 0.05 widee] tetramethyl
slang(TMS)E E33t CDClg(Aldrich Chemica Co., USA)E &v=
3lo] H-NMR(Bruker DRX-300 FT-NMR Spectrometer, USA)S AH8-
sto] gAARE get9ar, 8 Fourier trangform infrared spec-
trophotometer(FT-IR)(Digilab FTS-165 FT-IR Spectrometen) S AH-&-3}o]
Rlsigleh ¥ iAo} DNA 534 3442 thYst NP charge
H| &< 53] RAGE(rapid agarose gl dectrophoresis)(RGX-60, Ca
scade biologics. Inc)E AR&-ste] ERISHAAL, H3Ae] A7) dec-
trophoretic light scattering spectrophotometer(EL S-8000, OTUSKA Elec-
tronics Co,, Jpan)E °]-&-afo] S7gsleh. B3k 5ol A7) 2
S ell+= aomic force microscopy(AFM, Nanoscope |V, Digital Instrument
Co., USA)E °|8-3ke] SAs3ith

26 EME DXL DNA S§H#2| Agarose Gel M7|¥& &
H o ARtAY| 5

DNA= pEGFP(45 kb, Clonetech) 2 AH8-619131, 31221 PEI(MW
10000)h 2 AN FAT TAE ARl FAE ke
nitrogen?} DNA£] phosphate®] charge H]E(N/P charge)g 05, 1, 2,
4,8, % 16°] ¥%=F DNASH 12As &6, 34 SHTE ©]
&3t 34%#347} 200 pL7t HEE B “‘Zoi FRom, H3HA
T Z9 BolS A2olA 30w Astuleld AR 7
t}. 1.2% agarose gel°ﬂ %i] €AL& 10 pLA HzHA 120 VoA
303t A7 EAZAL, A7]195S 717 agaoe gl UVE AL
ske] Ao 555 *W ﬁME} 3 150 pLo] HEHAS-S A1
WEAE o] &3] JYAATIE AU
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2.8 Atomic Force Microscopy
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Figure 1. Scheme for the synthesis of mPEG and folate-graft-PEI.
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Table 1. Synthesis of MPEG and PEI

Feed ratio Obtained ratio®
PEI/mPEG PEI/mPEG
P10 10/1 9.3/1
P100 100/1 94.5/1

M easured with *H-NMR.

9 9y T f
CH3O{’CHZCHZ}O*C*CHZ*CHZ*CHZ*C*N*PEI
A

mPEG graft PEI (P10)

58756 5.4 5.2 5.0 4.8 4.6 4.4 4.0 4.0 3.8 [3.63.4 32 3.0 2.8 2.6 2.4 222.0 1.8 1.6 1.4
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Figure 2. "H-NMR spectra of (8) mPEG-Co and (b) mPEG graft PEI
(P10) copolymer in CDCls.
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Figure 3. "H-NMR spectra of (a) P10 and (b) P10F in D;O.

Haked 0.5
DA

(d) PLOO/DNA

(e) PI0OF/DNA

Figure 4. Gl retardation assay of copolymer/ DNA complexes. Lane 1
indicates naked DNA as control. Lanes 2~7 indicate the complexes at
N/P chargeratio of 0.5, 1, 2, 4, 8, and 16, respectively. Lane 8 indicates the
used copolymer without DNA. (@) PO/DNA complexes, (b) PLO/DNA
complexes, (c) PLOF/DNA complexes, (d) PLOO/DNA complexes, and (€)
P100F/DNA complexes.
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Figure5. Plot of fluorescence intensity versus N/P charge ratio for copoly-
mer/DNA complexes (-l-PO/DNA, - ¥ -P10/DNA, -V-P10F/DNA, -@-
P100/DNA, -O-P100F/DNA).
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