ut/dér}" 014 Iy

ol sae

3301 BUIsS s 5 VSVG —a 55000 sausma JIU bl 5 a1k

OS5l solan (SO Jae s GDNF (3 Jlaml

sl cand sola sane tlaiu S
Sala gubie 530 —a S gl La,edle 53S0 :Laal sl
slale 80138 53 8 sawe 53S0 1 gliie sl

\WAV-AYAT : laad L



Kerman University of Medical Science
Faculty of Medicine

In Partial Fulfillment of Requirements for the degree Ph.D in

Clinical biochemistry

Title:

Design and construction of a Niosome-VSVG hybrid carrier and
investigation of its GDNF gene delivery potential in in-vitro models of

Parkinson's disease

By:

Mohammad Hadi Nematollahi

Supervisors:

Dr. Gholamreza Asadikaram
Dr. Abbas Pardakhty
Advisor:

Dr. Masoud Torkzadeh-Mahani

Nov. 2017



S

5 ol YL S —gpand s U L o3 JE! sl Sbll o yega 5l (S 18l ] g Ao

oy ol Bl Jslw 4 Ban o5 Jl caa 3 ol J3h 5 (Jobow ) sladw p ade gl o B0
5 ohb adlas ol Gum 215 393 (o 905 5 (o 929 S EL I ool | 5> (63L5 WSt b sl 535
13 (VSV-G) VSV us s oo ol psSels ol J1y3 5l oslisial b o5 JUisl sl Jals & (b S0 52>
Gyt 535 Slalllas )3 Wapgiss 5133,5 o3l | (g gyt 5 o0 9329 U (sblja 51 B 18 Lo pojosi 122
sl 0 lolis g5 4 apgjsnd b pgiss (slacals g la Shy Jg w0 odlial o 5 9> J&=
iy cpl sl e a8l by b (Su5 odle (0,5 pSTe o JWS! ) I3l (el K0s slasE5
L cmen ol 0d Jslw )5 SIS 5 sl Tl 55 (S5 askad clabloe sl (glwed, -t L (G5
Jetens diwnds J31> 4 lalaB oyl 599 sy ol & (NLS) laun ob oo Juuws hls asg 095 e
yokaie 4 poja sLis JB VSV-G glie 59p ol 48 ol B adlllae opl yd o M5 job 423 5 =
Sg gl lew (Fogr e 2 0 =
L altie slapsjond b lapajas Sy s i 300 ISl Wapgies ol shy bl il g,
5 Sasdan Slogas  JaadS (93 3l (e 2025 dlie (olonbon 9 (Sosbon Gl
8 el sleia lgie 4 X100 o535 b bpgiss (il slone Grizeod 03,5 (wy pgjsd (olos—m
S Gl sl 038 s s pgios ) Jyien IS gl > pas 5 ypa > ) cLi & 3 VSV-G s oo
NLS JUSios 5 MU 65 & b pagyggisl &t oitisg jl iy Sady g 9 Jold (5 5i 0eBgn o5
g il wShhie slo Sy b il palls S sl sl sl 1l g olo B. Coli 8, DES e =
ool 03y (595 2 tSiily LS g fgen cua lje G 9 e S g g ol (=
il ol 5 b HEK293 (cla sk ;> VSV-G 85y ctm als yo )3 43,5 2 MCF-7 5 HEK2SS
Golost F0a Je 3T Cod 43 0 0315 51,8 STBOCH (slapgjgs st )3 g (28,5 &pse e
55 038 38 spamly Ji 55 005 s 86 15 JUis) Ul 5 15 slow] SH-SYSY Joho 03, 13 onfis

43,8 o352 G




& 0S5 ased o CIS— i S og, b Jg 039 Gl gla JS5 59 bapgigd o by lis pls assy
lapgiond 3l it a5 e 53 65 pgiss (pddeh cpizen )l Bpgiod d Ca s gk gyt
5 e gy o5 A5 03y GLis izmed 22 pajasd | S 5)le Lapgjes )3 sl S (g2 02,88 e 5
el pojas o Joyin IS ccnl 1 ogdle 15,8 31 IS455 i s 93y sl & (59 (ot o 5 & o 52eY]
Jayils’ g3l slopgion & ab pasuie (silo sl Ginlejl )3 93,5 (oo Callw ol g sl (g)lub Gl
LVSV-G o g cufign )l jL 39 Jgymals gy slion & ol (il glone (sl (gt o5 s
S HEK293 sla Jsbo & 58,155 05 Jl b o] ) olie 5 3,5 )58 pajos b 3 9 45 ol Culise
Ul ctalsl )3 8 sl g et (655 3 Calbyn b 35 NMM (S 553 gy 42,8 il (55 4 MCF-7
WSt sl S 535 abian ool 31 (o g3 e g 0y S 9 US55 a3l el ladlone gl 02,25
sy 59l &S agisn sWpgians Cale ) 03, odliiwl agiss spgisng S5 Bum dely 027
ol i 38 5l geisSHl Sl (5 g Jbe 3 00F JES! Ulg5 1390 GDNF 0 o571~
Gl il 5 e 3ol 5 A58 o oo pgjged aldio Slaz (gl 5l lopajos 105 15 420
15 pgies o5 3l gl )b gl (sl adllas ol GeML] slaolSly (goomim (ol 2 A5 b psim
ol g )l ags ey 1) (s odlawl VSV-G (pigy jl dallas on) ) olmde g plian 6552

il o hls 1) (Slasl slogiadligyes ook p3 o)F JWSl QUlg (sog)9s slrrzinas

Sloydrs p93ars paises oiss 1SS s




Abstract

Background and Objectives: One of the important requirements for non-viral gene delivery
systems is to achieve high levels of transfection efficiency by overcoming extracellular and
intracellular barriers. Despite extensive efforts, several obstacles impede successful application
of viral and non- viral delivery strategies. The aim of current study was to design and
characterize a delivery device for genes, based on reconstitution of VSV virus envelope
glycoprotein (VSV-G) in to the niosome membrane in order to combine the advantages of viral
and non-viral vectors. In many studies, niosomes are used for drug delivery or gene transfer.
However, their properties and features relative to liposomes are not well documented. Another
way to increase the efficacy of gene delivery is condensing of DNA by cationic peptides. DNA
condensation leads to protection of DNA against extracellular nuclease degradation.
Furthermore, through insertion of NLS signal to noted peptides, their nuclear trafficking are
improved. In brief, the aim of current study was gene delivery by niosomal virosomes in /n

vitro model of Parkinson disease.

Methods: Firstly, to characterize and more rationally optimize niosome formulations, the
properties of these vesicle systems are compared to similar liposomes by biophysical and
biochemical assays. Then, the impact of cholesterol on biophysical and biochemical properties
of niosome was investigated. As first step to reconstitute VSV- G, the solubilization of
niosomes by Triton X-100 (TR) in presence and absence of cholesterol was done. To improve
transfection efficiency, a multi-domain fusion protein including nuclear localization motif
(NLS) and two DNA-binding (Mu) domains, namely NLS-Mu-Mu (NMM) has been designed,
cloned and expressed in E. coli DE3 strain. DNA condensing properties of NMM and protamine
were evaluated by various experiments. Furthermore, we examined the potential of recombinant
protein to condense and protect DNA against nuclease as well as their cytotoxicity, hemolysis,
and transfection potential in HEK293T and MCF-7 cell lines. In the next step, VSV-G protein
was expressed in HEK293T and partially purified. Then it reconstituted in to the ST80CH
niosomes. Finally, an in vitro model of Parkinson’s was generated in SH-SYSY cells line and
the potential of designed niosomal VSV-G virosome to transfer the GDNF plasmid was

evaluated.

Results: Niosomes are highly stable but only slightly leakier than liposomes as assayed by
calcein leakage. Furthermore, the permeability of niosome for protons is higher than that of
liposomes. The packing of niosomal membranes is slightly lower than that of liposomes. The

peptides alamethicin and melittin act similarly on both vesicular systems. Our results indicated



that cholesterol in niosomes increases membrane stability decreases the fluidity of the
membrane. We showed that cholesterol-containing niosomes needed higher amount of TR
concentration for solubilization. VSV-G reconstitution was done successfully in niosome
membrane and the transfection efficiency was assessed by reporter gene expression in HEK293
and MCF-7 cell lines. The recombinant NMM was expressed and purified successfully. It was
observed that the recombinant NMM is able to condense DNA, protect it from nuclease and
increase transfection efficiency of reporter gene. Finally, VSV-G niosomal virosome containing
condensed GDNF plasmid with NMM protein had gene transfer ability to in vitro model of

Parkinson disease.

Conclusion: In various biophysical and biochemical aspects, niosomes are comparable to
liposomes and they may offer an excellent, inexpensive alternative for delivery purposes. We
have demonstrated for the first time that the reconstituted VSV-G niosomal virosomes are
efficient vehicles for the delivery of foreign genes into human neuroblastoma cells (SH-SY5Y)

as a model of Parkinson disease.
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