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Abstract

The present study tends to test the validity oMREMGT and to evaluate the efficiency of REMI-SM®h
generating other mammalian species rather tharslteep that made only by one group and to obseme th
possibility of doing so by using rabbits as a mddelthis approach and also to reduce the costEtMRSMGT

by substituting liposomes and highly cost effectivedia with a high efficient, non-cost effectivebstitute.

Direct protective relationship of liposome with DN&d seminal fluid was identified compared with DS
While different treatments (linearized DNA — restion enzyme — liposome complex, DNA — restrictezyme

— DMSO complex, DNA —-DMSO complex, DNA —liposomengalex, and even naked DNA) were all found to
be successful to internalize inside the head oftie#m according to PCR results, only three (oneebiriction
enzyme — liposome treatment and two by restrickomyme — DMSO treatment) out of fourteen new born
babies were found to be transgenic by PCR.

Despite the absolute ability of exogenous DNA tdriternalized inside rabbit's sperm head only fexwcent of
transgenic babies were obtained. This may notakefle weakness of restriction enzyme mediatedsgramesis
technique itself but it reflects the inability afaombinant sperm to fertilize superovulated oocgi@pared with
their normal counterparts. Comparable results vi@ued between liposome and DMSO treatment which may
reflect direct relationship of DMSO with the celembrane instead of with the exogenous DNA itselivhat is
found with liposome.
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1. Introduction

In the field of animal transgenesis, many atterhpige been made recently to simplify these expetisnand to
reduce the cost and labor required to do such .taskisough several transgenesis techniques suchNa&
microinjection and somatic cell nuclear transfevendeen applied successfully to produce transgemiimals
(Gordon et al, 1980; Willadsen., 1986), but these traditionathtéques are so tedious and have several
disadvantages (Wokt al, 2000; Wilmut, 2002). Retroviral mediated genensfar has solved some of these
usual problems (Khan, 2010), but has, however,itaele disadvantages represented most prominegtligsb
biological hazard (Cornettt al, 1991).

Many researchers found that the most simplerammdcost effective way to produce transgenic arsnimlto
focus on the natural ability of the free seminaldisperm cells to “carry” the foreign DNA and tieftilize” the
oocyte (Bracketiet al, 1971). The most important breakthrough obtainedhis aspect is the accumulated
information that demonstrated the ability of foreiPNA to be internalized into the sperm head aéiienple
incubation step (Horaet al, 1991; Lavitrancet al, 1992; Kimet al, 1997; Maioneet al, 1997). Accordingly,
the only manipulation step is restricted into tleadh of the sperm. Then, nature will be allowed uiillf its
scheduled task of reproduction. This method knosveerm mediated gene transfer or SMGT (Lavitietral,
1989). However, simple incubation of naked DNA wstterm head is may not efficient enough to integthé
foreign DNA into the genome of the sperm (Niu & thga 2008).

Several enhancements have been made to increaseffitiency of this promising method such as using
electroporation (Gagnet al, 1991), linkers (Chanet al., 2002), retroviral vectors (De Miguel & Donovan,
2003), and liposomes (Bachillet al, 1991). But, according to many data, these appemcon’t have the
molecular mechanisms that directly working on in&igg the exogenous DNA during its incubation végrerm
genomic DNA. Several researchers have further #iegplSMGT by direct injection of foreign DNA intthe
testes of animals combined with electroporatiotipmfection (Satoet al, 1994). Testis mediated gene transfer
of TMGT, however, don't have significant differesceompared with the original SMGT because eachhidiw
relay’s upon sperms as a vehicles to carry the exmgs DNA. Thus, the problem of reduced integrasitiih
exists. It has been reported that many enhanceapgmbaches have increased the reproducibility efttiginal
SMGT (Celibiet al, 2003). Nevertheless, it becomes known to mangarebers the obvious inefficiency of
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SMGT enhancement approaches to “integrate” theigor®NA into the genome of the sperm (Weeler &
Walter, 2001).

Surprising molecular trick that represented by ingilng restriction enzymes in this arena has beade in
SMGT. This trick has been made on SMGT by Isragjiteup at 2000 and 2009 (Shemestal, 2000; Harel-
Markowitz et al, 2009). They have generated transgenic sheep fdokieas with a high ratio of transgenesis
efficiency. This method is called restriction enzymediated integration SMGT or REMI-SMGT. The uraisu
thing in this aspect is that nobody has tested/#fidity of this interesting technique after thi©gp. Moreover,
no one evaluated the efficiency of this technigneother mammalian species whether on laboratorgh(sis
mice and rats) or on laboratory and domestic (fschabbits). REMI SMGT is not a weird enhancemérthe
traditional SMGT but the combination of restrictienzymes made this technique very interesting vetipect
to the molecular mechanism by which the restrickozyme enhance” the rate of integration. This raei&m
can be simplified by incubation of transgene lodatéthin a circular vector with its correspondingstriction
enzyme; the enzyme that have only one sensitieel@iiated out of the transgene sequence. Afterstiage of
circular DNA, its linear counterpart is producedheTlinearized transgene and the same enzyme thahated
with liposome. The role of liposome here is juspass the transgene and its corresponding enzyimegthn the
cell membrane of the sperm cells (Sciamaetal, 2000).

It is believed that once the exogenous DNA encautite sperm genome its corresponding restriction
begins to digest its sensitive sites that locatedhe hosting genome, meanwhile the exogenous DNlAs&ize
the opportunity in order to integrate itself inteetgenome of the sperm cell by cellular DNA repaéchanism
(Shemestet al, 2000).

It was found it is so mandatory to use rabbitshis thesis as a model to generate transgenic aniflaére
are several reasons to use rabbits in REMI-SMGTralbpits are never tested in REMI-SMGT, 2) rabhits
domestic aside from being considering as laboraaignals. So, to test the efficiency of this teqlue! it is very
important to use such model to prove or not to prits validity, 3) sperm are easier to be colledtech rabbits
compared with other laboratory animals such as rai@b rats. Moreover, sperms that collected frony omle
male have the ability to fertilize several femalddd to that, collection of rabbit sperms can beadwice a
week without effecting on its efficiency, easiepsuovulation of rabbits with continuous reprodiuiiip all
over the year, and 5) rabbits have short gestditioe which is usually not exceed more than onetmarfier
fertilization (Chrenek & Makarevich, 2008).

In REMI-SMGT, as it is made initially, two comporiershould be used to facilitate the task of exogeno
DNA. The first one, the most commonly used lipossey@® its cheap substitute, which they are usdddititate
the entry of exogenous DNA through the cell meméramd the second component, is the restrictiogneaz
which is used to facilitate the integration of tBISIA into the genome of the sperm. According t tigichnique,
sperm cell repair mechanisms heal the damagedlintenl by the internalized restriction enzyme ante{jrate”
the foreign DNA mistakenly into the genome of tipersn. We think it is very necessary to see how nthih
technique is capable on misleading the moleculaairenechanisms of sperm cell, since this trackipgns the
door widely for more exploration of molecular marations of the sperm head for the sake of produen
transgenic animal with a minimum efforts and co$t4all (2002) referred to the absence of any sigaift
disadvantages in REMI SMGT. Nevertheless, despéetvident efficiency of several experiments thateases
the rate of exogenous integration for several fbldisthis is not enough since there is a greatssétyeto repeat
these experiments to make sure from the creditnfitthese results. However, the numbers of papanrserning
REMI-SMGT is very little to judge how much this appch is efficient. Therefore further studies ard¢hie way
to elucidate much more details on the validityto$ fparticular approach.

According to our knowledge, this research is thst fone which both modifies and evaluate REMI-SMGT
success ratio away from the results obtained bgdinge Israelite group.

2. Materials and Methods
2.1. Materials:

DNA extraction kit; Easy-DNATM Kit (Invitrogen — Ga# K1800-01). PCR premix; PCR SuperMix
(Invitrogen — Cat. # 0572-014). Enzymes; BamH Vifhogen — cat # 15201023), DNase | (Fermentas,#Cat
ENO0521). Hormones; Chorulon (Chorionic GonadotrdpMSG (Pregnant Mere Serum Gonadotropin) Intervet
— Holland, anaesthetics; Zoletil 50 (Virbac — Fnd.adders; Tracklt™ 1 Kb Plus DNA Ladder (Invigen —
Cat. #10488090), MassRuler™ DNA Ladder Mix (Ferrasnt Cat. # SM0403). Oligos; Forward primer (5—
CCATGCCCGAAGGTTATGTA -3) and reverse primer (5-ABAGGGCAGATTGTGTGGA -3")
Invitrogen. Reagent; Liposome ® 2000 (Invitroge@at. # 11668-027). Vectors; gWiz-GFP (green fhsoent
protein) vector (Aldevron — Cat. # 5006) and pTZb7Rector (Fermentas — Cat. # K1213).

Sperm activation medium; Sperm Tyrode-albumin-kecfyruvate (Sp-TALP) medium; It was prepared
according to Parrisht al, 1988, with some modifications (Cheagal, 1996; Bateman, 2011; Boiti, 2005).This
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medium was prepared with some modifications rempitese by preparing sp-TALP medium without being
included with bovine serum albumin (BSA). After jseparation, this medium was filtered through Q22
filter paper and stored in refrigerator for shoetipd of time. This media contains 100 mM NacCl, B\l KClI,

25 mM NaHCO3, 0.3 mM NaH2P0O4, 21.6 mM Sodium lac({&@igma — lot # 16H5049), 2 mM CacCl2, 0.4 mM
MgClI2, 10 mM HEPES, 1 mM Sodium Pyruvate (Invitrongecat # 11360).

Computer software programs; two software prograresewused; Genamics Expression; for DNA and
protein sequence analysis (http://genamics.com)PAfitiech Plasmid for plasmid drawing software fonaaws
(http://mww.biovisualtech.com).

Experimental Animals; Eight New Zeeland sexuallytuna healthy white rabbits and ten sexually mature
female were included in this study. New Zeelandtevhabbits were raised in the animal house in thea of
bioscience and biotechnology / FST / UKM. They waéndividually housed under controlled conditions of
temperature (19 — 2TC) and standard artificial light (12 hour lightdah2 hours dark). A diet of grower rabbits
pellets (ad libitum) and fresh water was provid@dsimals were cared according to international stadsl
management established for the care and use ofal@mop animals in facilities approved by the Unsigr
Kebangsaan Malaysia Animal Ethics Committee (UKMAEC
2.2 Methods
2.2.1 gWiz-GFP vector linearization with restriction enzyme: BanHI| restriction enzyme was selected
according to PVTech plasmid software program. IricivhBamHI single and recognition site that located
directly downstream of GFP was chosen as a metliochaice for gWiz-GFP linearization. The digestion
reaction components are assembled in order to tdif@sy (1Qul) gWizGFP vector. The linearization
components were incubated at 30°C in a water k@atlB®min. An aliquot was removed, and the extent of
digestion was analyzed agarose gel electrophoresis.

2.2.2 The ability of liposome and DMSO to change thelectrophoretic mobility of circular as well asihear
DNA: gWiz-GFP DNA (in its circular and linear form) wakectrophoresed on agarose gel in three lanesgalon
mixed with liposome and mixed with DMSO. Picturalwiaken by photodocumentation unit (Alpha Innotech
USA).

2.2.3 The effect of liposome compared with DMSO omeducing DNase activity:

A. Preparation of DNA-liposome-DNase mixtufOug gWizGFP vector was mixed with 10ug liposofiigen,
1pl (10x) DNase reaction buffer was added. The unixiwas completed to 50ml with deionized water and
incubated for 30min at room temperature. Only 1UaB®&l was added to the DNA-liposome mixture. Two
aliquots were made, each one with 25ul; the filiguat was incubated in water bath for 5 min at@0%hile
the second aliquot was incubated in water batd@omin at 30°C. After each incubation, 1ul 50mM EDWas
added to each aliquot, and then each aliquot wasated at 65°C for 10 min to inactivate the enzyme

B. Preparation of DNA-DMSO-DNase mixtureEOpug gWizGFP vector was mixed with 10ul DMSO. iwheul
(10x) DNase reaction buffer was added. The mixtuae completed to 50ml with deionized water and liated

for 30 min at room temperature. Only 1U DNase waded to the DNA-DMSO mixture. Two aliquots were
made, each one with 25pl; the first aliquot wasubated in water bath for 5 min at 30°C. While teeand
aliquot was incubated in water bath for 10 min @Q After each incubation, 1ul 50mM EDTA was added
each aliquot, and then each aliquot was incubaté8°& for 10 min to inactivate the enzyme.

C. Preparation of DNA-DNase mixturé0ug gWizGFP vector was mixed with 10ul deionizneder. Then, 1pul
(10x) DNase reaction buffer was added. The mixtuae completed to 50ml with deionized water and ated

for 30 min at room temperature. Only 1U DNase wdded to the DNA solution. Two aliquots were madighe
one with 25ul; the first aliquot was incubated iater bath for 5 min at 30°C. While the second altquas
incubated in water bath for 10 min at 30°C. Aftacle incubation, 11l 50mM EDTA was added to eadiuat,
and then each aliquot was incubated at 65°C fanibOto inactivate the enzyme.

The three different mixtures were analyzed by agmragel electrophoresis, pictures were taken by
photodocumentation unit.

2.2.4. The effect of liposome on DNase activity piite of rabbit's seminal fluid: Two treatments were
performed in this experiment; the first one repnése by incubating fixed concentration (6pg) of g@&FP
vector with three different concentrations of rablsieminal fluid (1pg, 5 pg to 10ug). The secordtment was
performed in three concentrations as mentionedshtfeatment except the including fixed concetitra(6p.9)

of liposome. In both cases, the incubation wasreldd for one hour at room temperature. Then, aedly®y
agarose gel electrophoresis. The gel was picturptiotodocumentation unit.

2.2.5. Sperm cells incubation with the exogenous 2Nand PCR analysis: Sperm Collection and maotility
investigation Sperm was collected by home-made artificial vagiml of semen was diluted with 8ml pre-
warmed sp-TALP for 10min under 1000xg.Supernataas wiscarded and the previous step was repeated by
adding 10ml sp-TALP medium. Supernatant was digzhahain and the resulting sperm cells were resdsge
t0100x106 (100 million active cells) sperm / 0.6imthe same medium.
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A. Linearized and circular gWiz-GFP vector preparatifor incubation with sperm cell®ifferent treatments
were used to incubate gWiz-GFP vector with sperfts ¢each 100pug gWiz-GFP was linearized by 1000U
BanH 1). First treatment: 200pl of linearized gWiz-GFéctor -BamHI mixture was incubated with 20ul (8Pp
liposome. Second treatment: 200ul of linearized /&FP vector -BamHI mixture was incubated with 20ul
DMSO. Third treatment: 10ug circular gWiz-GFP vecteas incubated with 10ul (10ug) liposome. Fourth
treatment: 10ug circular gWiz-GFP vector was intedavith 10p1 DMSO. Fifth treatment: 10ug circutpViz-
GFP vector. All of treatments were incubate for 80at room temperature.

B. gWiz-GFP vector incubation with sperm ceB&O0ul sperm cells (in sp-TALP) were added to &l phhepared
treatments (DNA — BamHI — liposome, DNA — BamHI MBO, DNA - liposome, DNA — DMSO, and DNA
alone mixtures) respectively, and incubated at reemperature for one hour.

C. DNase treatmentach sperm cells suspension treated with 10ugg¥¥#P was incubated for 30 min with10
units of DNase mixture at 37°C in water bath. AB&rmin of incubation, 10ul of stop solution wasled and
the mixture was incubated at 65°C for 10 min tafivate the enzyme.

D. DNA isolation from gWiz-GFP incubated sperm ceBenomic DNA was extracted from sperm cells
according to Invitrogen instruction manual (Cat #8Q0-01). DNA concentration was measured by UVblgsi
spectrophotometer (Shimadzu — Japan).

E. PCR design testingTwo specific primers for the transgene green flaoeat protein (GFP) in gWiz-GFP
vector were designed according @enamics Expressiosoftware program. In this program, 364 bp PCR
fragment chosen for amplification was extended iwithe open reading frame of the recombinant GF&nf
2156 bps into 2520 bps. PCR amplification was taktate using conventional thermal cycler (Eppendorf
Master Cycler - USA). PCR Super Mix was dividediatiquots into individual PCR tubes (each aliqwas 45

ul) and all the reaction components were kept on lifestream and forward primers and DNA templateewer
added to the PCR Super Mix. The PCR tubes wereeglaa ice and all the components were added to make
50ul final reaction volume. Reactions were placedthie thermal cycler that was preheated to 95°C and
previously set up to the following cyclic condito(tablel):

PCR products were analyzed by agarose gel eledrepis. Photo was taken using photodocumentatién un
(fig. 1).

F. PCR analysis of gWizGFP — sperm cells incubatiéfier the testing the success of PCR primers that
designed for gWizGFP gene, less than 0.5ug of gWiz@cubated sperm cells genomic DNA were analyzed
by PCR. Resulting PCR reaction mixture of each samg@s analyzed by agarose gel electrophoresiturBic
was taken by photodocumentation unit.

2.2.6. Artificial insemination (Al): It was applied with the obtained recombinant spermrder to produce
transgenic rabbits (Vasicek al, 2003).

A. Preparation of artificial insemination toof®lorell, 1995) 1ml capacity (0.5cm X 30cm) Pasteur pipette was
slightly bent by heat at the portion that to besitesd into female uterus.

B. Hormonal pre-treatmentThis step was performed according to Dimitrataal, 2009. Forty-eight hours
before Al 25 females were injected by 40 IU PMSG ghee intramuscularly.

C. Preparation of treatmentsAll 10 females were separated into individual cagdsese cages were arranged
into two different treatments; gWiz-GFP vector posome — BamHI treatment, gWiz-GFP vector — DMSO —
BamHI treatment. Each treatment was applied on $wperovulated females. The BamHI linearized 100ug
gWiz-GFP vector was used in artificial inseminatidwo treatments (liposome mediated and DMSO mediat
REMI-SMGT respectively) were applied to transfeaperovulated females with gWizGFP vector through
artificial insemination.

D. Sperm collection for artificial inseminatiomsfter sperm collection by artificial vagina, speinvestigation
under light microscope was taken place in ordeeltminate any “non-qualified” semen. 2ml of semeas
diluted with 8ml pre-warmed sp-TALP for 10min at0DXg. Supernatant was discarded and the previeps st
was repeated by adding 10ml sp-TALP medium. Supanbavas discarded again and the resulting spelis ce
were re-suspended to 100x106 (100 million activis)csperm / ml in the same medium.

E. Sperm cells — gWizGFP vector incubati@ml diluted suspension of sperm cells (contairiig cells), was
combined with each individual gWizGFP vector treamts, and followed by gentle mixing for 1 hour abm
temperature. Each one of these different treatmexst sufficiently used to inseminate five femalegrt@in
amounts of these complexes were applied for egoéreuulated female (table 2).

Each doe submitted to insemination was anesthetiddd 150ul Zoletil-50. Two steps was taken plaoe t
prevent sperm escape from the uterus; the firstionghich doe’s body was inverted upside down, &mel
second in which two ligatures were placed bilaterghrion et al, 2001).While the body of superovulated and
anaesthetized female in the wanted situation, ltbtly bended pipette was surrounded by suffici@mount of
glycerol and placed carefully into the vagina (fg.A). Correct insemination position was choserratareful
monitoring to the intended destination of the insettion pipette (fig. 2. B, C and D).
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Strict precautions were taken place in order nodamage any nearby tissues during this step. Omee t
insemination pipette penetrated about 8cm depth the uterine tract, 500 pl sperm cells — gWiz-GFP
complexes (0.5ml of 10 million sperm cells) wasaigd into the vagina by inserting it into 8cm dhepsing a
slightly bended syringe (figure 2. E) to insure iagpiate delivery of sperms to anesthetized fermaibits.

This situation was kept for 15 -30 min or until theesthetic action was finished. At the time oemfation,
ovulation of rabbits was induced by injection of B®f chorionic gonadotropin per doe.

Pregnant doe were isolated in separate cages dpragnancy period and nest boxes were made anddlac
beside them before three days of their kindling.

2.2.7 Transgenesis Detection by PCHefore undergoing transgenesis detection, thessti#tauckling of pups
was watched carefully for the first two days afbinth. Pups were separated from their moms by pickiest
boxes up from mom’s cages and returning them badket mothers give milk to suckling pups. GenoiINA
was isolated and purified from 350 blood of each new born pup according to Invitnogestructions manual.
PCR was taken place from the DNA isolated from Blo@esulting PCR reaction mixture of each sample wa
analyzed by agarose gel electrophoresis. Photas taken using photodocumentation unit.

2.2.8 Detection of Fluorescence by direct exposute UV: This step was performed according to Epperly,
2007 with modifications. To detect the possiblerespion ability of gWiz-GFP vector in PCR positivew born
babies, liposome mediated REMI-SMGT babies, DMSQliaied REMI-SMGT babies, and negative control
babies (two days old) were directly exposed to are® of UV light (UV-translluminator dual intensjtyat
365nm (Gentuar — Belgium) under dark conditions.

3. Results and Discussion

Our attempted to test the efficiency of REMI-SM@3chnique as well as to lower the total cost o thi
technique by manipulating some experiments to kbeprestriction enzyme active for further digestgiaps.
The total cost was lowered not only by reducing &mount of restriction enzyme into the half, but by
substituting the cost effective liposome and tracsbn medium with a very low cost alternativese th
transfectants DMSO since REMI-SMGT experiments dbpeShemesh and his colleges (2000) were cost —
effective because of the large amounts of restricinzyme and liposome wanted. Moreover, sp-TALB wa
proved to be efficient enough for such transfectaperiments compared with the cost effective corarally
available transfection media (Eghbalsaietial, 2009). We applied such modified low cost REMI-SM@Gn
rabbits considering these animals as a model agipédor both domestic and mammals.

3.1. The ability of BamHI to linearize gWizGFP veotr in short time with high processivity:

One of the appearing goals of this research wahidoten time and budget required undergoing REMIGIM
This was accomplished by reducing the incubatioretinstructed by the manufacturer company of in
enzyme into half. This was done by incubating tinedrizing enzyme, BamHI, with the circular gWizGFP
vector for only 30 min instead of 60 min. compldigestion was shown (figure 3) without drasticaf§ecting

on the degree of processivity of BamHI. This protowas performed to increase the half-life of thmzyame
without surrendering to duplicate the added amainthis enzyme and consequently duplicate the obst
REMI-SMGT.

Another step was taken into account to keep thegssivity of this restriction enzyme during DNAdarization
process was to reduce the temperature at whichrtiyme linearize the circular gWizGFP vector. disvknown
that the recommended higher temperatures of inmmbatcrease the enzyme processivity and decrdase t
stability (Granner & Weil, 2003). As much as theubation temperature deceased as much as the eszyme
stability increased and processivity decreaset@érstime degree since there were a reversal relaiobetween
processivity and stability of the enzyme. TherefarBlizing a combination between the processive &me
stable incubation temperature was represented flilying 30°C for 30 min (fig. 3) instead of 37°C 6@ min.
Eventually, using this procedure, the enzyme waxt ketive to undergo further manipulation stepd thare
very necessary later in transgenesis through REMIGE. The reason behind the alteration of the oagin
protocol of DNA linearization by BamHI was takerapé in order not to lose the cost effective retsrmc
enzyme in the further REMI-SMGT crucial steps.

3.2. Comparison between the ability of liposome anBMSO on retarding of circular and linear gWizGFP
vector electrophoretic mobility: It was clearly noticeable the direct ability of dgome on neutralizing the
charge of the DNA with which it bound (figure 4).hHilé, no change in electrophoretic ability of DMSMNA
were obtained in two cases, the linear and thalleirccounterparts, no difference was observed lestvibe
response of linear and circular form of gWizGFPthe binding with liposome or DMSO. That could be
deciphered by the fact that the mode of bindingsofh chemicals with DNA was possibly taken place
irrespective of the existence of the free ends WADwith which they were intended to be interacteldwever,

no complete neutralization was accomplished in aafséposome (fig. 4) but this was not clear sinte
interaction was taken place with only one conceioinaof the two interacted molecules. Thereforethier
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details should be provided. Thus, 30 min incubatibliposome with variable concentrations of gWiZ&EBNA
wasn’t given any complete retardation with all theed concentrations of gwWizGFP DNA (results notst)o
Therefore, liposome might not possess “absolutécefto completely retard the electrophoretic migpiof
DNA.

3. 3. Comparison between the ability of liposome ahDMSO to protect gwWizGFP vector from DNase
activity: Liposome showed significant protection of DNA frdhe hydrolytic activity of DNase compared with
DMSO (fig. 5). Consequently, no direct binding beém DNA and DMSO was observed. This information was
not surprising since no direct interaction betw&@MSO and DNA with respect to DNA neutralization was
observed as well (fig. 4).

These results were in accordance with the notfo@hang and his colleagues; they referred to thktyabf
liposome to partially protect DNA from the hydratytaction of DNase | (Changt al, 1999). The more
resistible DNA — liposome complex to DNase digestisas agreed with the more stable DNA — liposome
complex observed by El-Gendy and his colleges (ROUBis observation, in turn, agreed indirectly wthe
notion in which the liposome stabilized exogenousADand keeps it intact, since it was demonstrated t
liposome was capable on providing direct stabiiyn binding with the exogenous DNA (Fellgreeral, 1987;
Satoet al. 2003).

3. 4. The ability of liposome to protect gWizDNA fom DNase activity of rabbit seminal fluid: Since
liposome showed direct protection of DNA againstdshl activity, DNA — liposome complexes were incatat
with seminal fluid and compared with non-liposomeubd DNA controls. Liposome was showed interesting
power by which it could protect DNA from DNase dien (Selevaet al, 1981; Kimet al, 2000). The
significant results of the protection of liposoméeracted DNA observed in ( fig. 5) was conéd in (fig.
6), in which noticeable reduction in hydrolytic deg of liposome — DNA complex that treated with &t
fluid was observed. According to this figure dirdiglbsome — DNA interaction was demonstrated buthim
same time, no complete protection was performetholigh complete protection of exogenous DNA from th
action of DNase was not happened, liposome provitiedbest direct transfectants tool through whicé t
exogenous DNA is directly protected from DNase\atyti This agreed with Schaefer-Ridder and his egels
results; they demonstrated the ability of liposoimeprotect the foreign DNA from digestion of prodea or
DNase present in the cytoplasm of the egg (Schéititer et al, 1982).The result obtained in (fig. 6) was
possible as well since no complete neutralizati@s waken place (fig. 3) despite prolonged inculbatimes
were used (results not shown).

3.5. PCR detection of the ability of gWizGFP to ingrnalize the head of rabbit’s sperm:

Since certain DNA fragments were easier to delikian the others (Chaat al, 1995), therefore, different entry
mechanisms were used in which liposome and DMSOiatetl REMI-SMGT were compared with other
treatments in order to get initial clue about toatvbxtent the exogenous DNA was capable on tratisgithe
sperm cellular membrane. Surprisingly, as showR@R results, all the DNA treatments were demoredrab
be quite effective to internalize through cell meante (fig. 7). In this figure, the PCR products4Bp) were
detected in all gWizGFP vector treatments. It wasndnstrated by many accumulated data the ability of
exogenous DNA to internalize into the head of spefreeveral types of mammals such as (Castral, 1990;
Bachilleret al, 1991; Lavitraneet al, 1992: Francolinet al, 1993).

Despite of the fact that PCR tool don't able tovile any details about the subcellular localizatiorto give
affirmative information about the possibility oatrsgene integration but the absolutely observeiymsesults
might suggested a possible success of the tranggeinéegrate into the genome of the sperm. Morgotre
absolutely positive results obtained in this experit indicate the feasibility of exogenous DNA mgdization
whatever treatment implied to present this DNAreiact with the surface of the sperm. One monagtthese
results indicated which was the possibility of gresence of more than one route through it the exmgs DNA
could be delivered into the head of the sperm. Plase of information might also be possible sitiemultiple
exogenous DNA mixtures, and consequently the maltipechanisms, which used to communicate with the
surface of the sperm cells, were all proved toumeessful in this context. However, this experimgas not the
main point of the research since this researchngagocused on the internalization process, buteratit was
focused on the ability of the recombinant spermtrémsfer its transgene into the next generatioouin
artificial insemination. Although, these resultsrev@reliminary but they were promising since aél theatments
showed success in the internalization process wedp DNase | digestion was applied on all treatmafter
the incubation. While the use of liposomes or DM&3ily explained the internalization process, @suorence
with naked DNA opens a question that, does not @ésy proved answers (Gandefial, 1998). The apparent
feasibility of this process made some researcledescribe this process as “spontaneous” mechanisvhich
mature sperm cells have the ability to take up erogs DNA and could be taken place naturally urkder
favorable conditions (Francoliet al, 1993).
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The absolutely positive results obtained by PCRhinggld some confusion since false positive resuight be
expected because of the highly sensitive mode d® B&hnique (Chan, 1999). However, PCR as a tool of
transgenesis technigque remains reliable indicatotrbnsgenesis (Rexroad, 1992). Add to that,régearch was
not the first one who describe very high rate ahfigene internalization into the sperm despiterthititude of
treatments used since many papers were mentiongd rsie of success using different incubation r®ute
(Lavitranoet al. 1989; Khooet al. 1992; Gandolfi 1998; Spadafora 1998; Lavitratal. 2006; Hoelkert al.
2007; Lane=t al. 2009, Collaregt al, 2010).

3.5. Transgenesis efficiency of recombinant spermrtdicially inseminated rabbits: Before undergoing
transgenesis through artificial insemination, aside@rable time of semen processing was wasted. firhies
represented by the time of extensive washing takere in semen to remove seminal fluid from speeits@and
the incubation time of sperm cells with the exogen®@NA. These inevitable pre-insemination stepsewer
wasted significant time from the ejaculation uimigemination. These sperm related relatively timmescaming
manipulation steps might contribute drasticallyttie reduction of the recombinant sperm activityer&fore,
despite using activation medium, the low succetis i transgenesis could be attributed to the cédo of
quality of semen during the centrifugation, sepamtinsemination or even in the post-internaliaatiin the
later stage, transgene might be degraded by tkatsi#ndogenous nuclease activity that activatee dghe
transgene entered inside the head of the speree sinch entry renders the metabolically inactiverspto a
highly active metabolic nuclease activity. Thistimn, plays a role in the elimination of the redmnant sperm
cells representing a potential danger for the dgrmaknt of the progeny or for its genetic identMa{oneet al,
1997). High capacity to binding with DNA were obgst after only 30 min of incubation but the only
significant problem was represented with the reduacof viability of recombinant sperm into 50% coaned
with their normal counterparts. This in turn woudastically compromised fertility (Canovas al, 2010).
Nevertheless, artificial insemination alive new btabies were apparently normal and there wereymptom

of any illness.

3.6. PCR detection of transgenesis efficiency of @embinant sperm injected new born babies of rabbits
(liposome-BamHI — gWizGFP DNA and DMSO- BamHI — gWizGFP DNA treatments): In this study, it
was shown the ability of recombinant rabbit's speten generate transgenic animal through artificial
insemination. These results were demonstrated By. P8BSO mediated and liposome mediated REMI-SMGT
were compared with each other to observe the ptigsilif the non-costly DMSO to replace the codifyosome

to generate transgenic animals. In the same timeeefficiency of REMI-SMGT was directly validaten iabbits
using GFP as transgene. DMSO and liposome werdvieddon REMI-SMGT since they were proved to be the
best chemical transfectants for GFP vectors (Mattal, 2009). Although some researchers referred to the
increased motility or fertility of recombinant spercompared with their normal counterparts (Char020
Nakanishi & Iritani, 1993) while others referredathtransfection had no effect on fertilizing capaadn
recombinant spermatozoa during insemination (Chremnal, 2005), the majority of papers usually noticed tha
the recombinant spermatozoa was less competentitthanrmal counterpart with respect to their fitytirate,
whether this was attributed only to the incubatiibne (Feitosaet al, 2009) or to the exogenous DNA itself
since several papers were described elaboratelyeh& fertilizing ability of manipulated sperm (@aset al,
1990; Rottmaretal., 1992; Squires and Drake, 1993; Sasdlkal, 2000; Sciamannat al, 2000, Lavitrancet
al., 2006). While some researchers demonstrated tigatass of sperm activity was a consequence of the
removal of seminal fluid and to the extensive waghiaken place before being incubated with exogemiNA
(Kanget al, 2008). This fact is not surprising since semfh#tl contained many factors that maintain sperm
motility (Dyck et al, 1999; Holodyet al, 1999).

The negative role of liposome on the survival ra#es deduced clearly since as much as this matadadased
as much the reduction in sperm fertility was insezhas well (EI-Gendgt al, 2006), while DMSO has little
effect on sperm motility (Sheet al, 2006). However, the only one successful kindling of five in case of
liposome mediated REMI-SMGT possibly related wike reduced developmental rate of liposome - traresge
treated embryos compared with their normal countespduring early embryological stages (Ketral, 2008).

This study was not the first one which utilized D®I&s an accessory tool to convey transgene sineasit
successfully used with the transgene to do the sataén rabbits (Liet al, 2006; Shert al, 2006). Despite the
clear observations made in this research aboualisence of any direct relationship between DMSO RINA
compared with the direct relationship occurred leetwliposome and DNA (fig. 4, and fig. 5) the P@Rults
were not comparable with the previously obtainezlits. Hong and his colleges (1998) demonstratechith
efficiency of DMSO compared with liposomes. Thewrd the ability of DMSO to transfect 80% of chicken
primordial germ cells compared with only 17% regagdto liposomes (Honget al, 1998). While other
researchers discovered evident clue which demdedttae ability of this material to interact withembranes
and lipid vesicles (Hempling & White, 1984; Lorgg al, 2003). This in turn, might refer to a particular
relationship between DMSO from one site and ceallulembrane from another site. This relation migat b
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involved in certain role by which the exogenous DMWAuld be capable on internalizing into the headhef
sperm. This suggestion was supported by the inerebgansfection rate of sperm with DMSO in casesing
heat shock (Kuznetsov & Kuznetsoza, 1995; Kuznetsibal, 2000). Moreover, the demonstrated facts of
indirect interactions between DMSO and DNA rathremt the direct interaction occurred between lipcsamd
DNA might reflected more elegant role played by DM Sparticularly, no data indicated any reduction in
activity of DMSO bound sperm compared with liposdooeind sperm since the later complex was repootéx t
much less motile compared with the unbound statea@ & Spadafora, 1997; El-Gendy et al, 2006).

Though DMSO mediated REMI-SMGT was produced twmsgenic babies and liposome mediated REMI-
SMGT was produced only one transgenic baby, tlaasgenesis fact was a result of only three suadessf
kindling. Undoubtedly, this was not enough to dedan actual percentage of the success of each DMSO
liposome respectively.

Unfortunately, in all SMGT techniques, there waspmactical available method by which recombinardgrep
could be separated from non-recombinant countexp@his — off course — made the researcher confabedt
the final result until performing one of the traaegsis detection methods. However, according t8,R@ly
three transgenic out of fourteen new born babiag wetained (fig. 8). This ratio didn’'t exceed 2b.4f alive
new born babies obtained from artificial insemioati

However, the ability of the exogenous DNA to beegrated into the head of sperm is somewhat overatd
since the increased efficiency was not necessadlycomitant with an increase of generation of geng
animals (Naganishi & Iritani, 1993; Gandolfi, 1998)

Although PCR, as a transgenesis detection technigas not capable of detecting whether transgersejus
episome or it was integrated into the genome, & p@werful enough to observe the internalizatiotrafisgene
into the head of the sperm. Add to that, some rekees relied only on PCR to detect transgenesisiféket

al., 2003). However, information provided by such cemtional PCR was just preliminary results, butythe
were enough in this context since they demonstriditednternalization of transgene. This, in turonsidered as
serious and confident step in the detection ofsganesis.

The age of artificial insemination new born bakaésvhich blood withdraw taken place was only twgsdsince

it was demonstrated that PCR amplification bandmfgWizGFP DNA was found to become progressivedg le
intense as the animal aged. Thus, an animal thetde®WizGFP DNA — positive at a young age mightdsted
gWizGFP DNA negative at later screenings, makirgrtte of PCR — positive animals vary over timet¢goi,
2006).

The most critical step toward REMI-SMGT approactswat just to incorporate the exogenous DNA in® th
head of sperm, but to force it to be integratea itite genome of the sperm. This, possibly, addede mo
regulations on REMI-SMGT as a successful technigmee even after the success of the transmission of
exogenous DNA, the process of its expression iallystailed. This was attributed to its loss ofagtation, or
even before its integration it might not integrafgdperly or it is submitted to fragmentation befaloing so.
This possible failure in the integration was refate several reasons, such as the reduction oflityainduced

by the transfection process, which in turn, deadhe biological activity of transfected spermeatifize oocyte
compared with the non-transfected counterpartsdi@&afazquezet al, 2010), or the sperm conversion to an
immotile form after its transfection (Schellandsral, 1995; Anzar & Buhr, 2006; Feitos al, 2009), or to
both of them (Canovast al, 2010). However, even the recombinant sperm wet@ned their motility after
transfection; they were unable — because of thisipnéation — to fertilize the oocyte to produce thensgenic
offspring (Bachilleret al, 1991).

It was demonstrated that internalized foreign DN#hen presented above a threshold amount, trigger th
activation of sperm endonuclease(s) which cleageetkogenous DNA molecules and also degrade thensper
endogenous chromatin. This process eventuallyntdattenuation of recombinant spermatozoa compartxd
their normal counterpart (Maioret al, 1997). Moreover, it was shown that sperm intéoactvith foreign DNA
trigger endogenous nuclease(s) that cleave bottetbgenous and the genomic DNA, eventually leading
sperm cell death processes which resemble apofBzslafora, 1998).

3.7. Direct exposure of transgenic new born babiesbbits to high intensity UV light: To generate any
transgenic animal, the transgene should be lochlizgde the cells of the animal that intended éatfansgenic
(Houdebine, 2003), but the place at which the ggane located was a controversial scene of much debate.
However, in this research, PCR positive resultstfe three transgenic new born babies might indithe
success of the transgene (gWizGFP vector) to intsstf into the cytosol to behave like episomeyor@r it
might indicate the ability of transgene to integraself into the genome to behave like one oflénge genome
family. Or eventually it might indicate the abilibf such transgene to express on itself to prodiscenodular
protein (GFP). However, the last probable conclusias the least one since the direct exposure Bf Ri3itive
babies and their comparison with PCR negative @spatt did not observe any significant differenedween
them at all (results not shown). This possible lafkexpression might be related to the rearrangéroén
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transgene after being internalized into the spétho, 2000).

Unfortunately, the dark fluorescent room facilityat was designed to be optimized at 450 nm — thienam
wavelength at which gWizGFP or any GFP was expressnally — was not available. Therefore, the
wavelength at which UV light used was not exceed8 nm (the fluorescent violate) wavelength thatcv
was designed to visualize nucleic acids which veasafvay from 450 nm (the fluorescent green) wawglen
Although this fact was a considerable one, but soesearchers were exposed their new born PCR ymositi
babies directly to UV light and some of them gogatése results, such as the experiments done sn(Egiperly,
2007). It was mentioned that there were severatdiions of utilizing GFP biological activity, su@s presence
of some limitations in GFP stability or to the nesity of the presence of more than 1uM GFP pertaeilow
significant fluorescence (Epperly, 2007; Magttal, 2003; Tsien, 1998).

The final destination of sperm-bound DNA, after idely in the oocyte, is still a contradictory issue
particularly, the question of whether foreign mailes of nucleic acids become integrated into th&t jenome
or remain as extra-chromosomal structures wasustiiblved. several accumulated data indicatedttieatate of
the exogenous DNA depend on the procedures thraugbh sperm cells and DNA come together: the
generation of non-integrated episomal structures ligghly probable event when foreign DNA moleculee
directly incubated with intact spermatozoa thatemtren used in fertilization assays (Khetoal, 1992; Khoo,
2000; Kuznetsoet al, 2000; Robinsoet al, 2000; Tsai, 2000, and Spadafora, 2008).

Regardless of the low efficiency of transgenesigiolbd in this study, but the low cost of this niiedi
techniqgue was an encouraging tool to researchersnttergo transgenesis by improving REMI-SMGT to
increase the ratio of transgenesis without incngasiie total cost of the technique. Although smailinber of
animals was used in this preliminary study, thesilts were encouraging since the practical natfitBis new
modified REMI-SMGT methodology allow of direct pnaction of transgenic animals. However, many results
were successfully reported the ability of SMGT engral to generate alive transgenic mammals sughrage
(Lavitranoet al, 1989), rats (Blanchard & Boekelheide, 1997), isbfyWanget al, 2003), and cattle (Sperandio
et al, 1996), but the production of REMI-SMGT transgeaitmals was reported only in bovine (Shemesh
al., 2000). Nevertheless, this is the second repoithwhenerated alive REMI-SMGT transgenic mammat$ an
the first report which generated alive REMI-SMG@arnsgenic rabbits despite the low efficiency of $gamesis
reported by this research compared with the reBes#fr€hemesh and his colleges that published &.200

Conclusion

Although the process of generating high frequenegombinant sperm was not difficult, the process of
generating high frequency transgenic animals fraohgerm cells was a tremendous task. This wasubedhe
fertilizing ability of recombinant sperm was mues$ than it was found in their normal counterpavisteover,
despite the apparent ability of liposome to rekdtivprotect exogenous DNA from the hydrolytic aityivof
seminal fluid and DNase activity compared with DMSfe later one held an indirect ability to intdira
exogenous DNA without any direct relationship withEventually, REMI-SMGT was less effective — aast in
rabbits — than it was claimed in other mammals.

Acknowledgements
We would like to thank Mr. Azmi for his tendency mabbits , Mr. Fathy for his valuable technical gog and
Mr. Mohammed M.Ewadh for his help in editing thidicle .

References

Anzar M., & Buhr MM. (2006) Spontaneous uptake rbgenous DNA by bull spermatozoBheriogenology
65; 683—-690.

Arion J. W., Foote R. H., & Parks J. E. (2001).Asport and Phagocytosis of Fresh Versus Aged R&piaitm.
Journal of Reproduction & Developmefit (6); 373 -382.

Bateman H. L. (2011). Effects of semen extenderpmsition and cooling methods on canine sperm fancti
and cryosurvival. A Thesis Presented to The Faafli@raduate Studies of The University of Guelplpéitial
fulfillment of requirements for the degree of Masié Science.

Blanchard, K.T., and Boekelheide, K. (1997). Adengss+mediated gene transfer to rat testisivo. Biology of
Reproductiorb6: 495-500.

Boiti C. (2005). Guidelines for the handlings oblét bucks and semeWorld Rabbit Scienc#3: 71 — 91.
Brackett BG, Boranska W, Sawicki W, Koprowski H. telke of hetrolougous genome by mammalian
spermatozoa and its transfer to ova through featilbn. Proceeding of the National Academy of SciedSA
1971, 68:353-357.

Canovas S, Gutierrezadan A, & Gadea J. (2010).cEfi€ Exogenous DNA on Bovine Sperm Functionality
Using the Sperm Mediated Gene Transfer (SMGT) TigelenMolecular Reproduction & Development:687—

108



Journal of Biology, Agriculture and Healthcare www.iiste.org

ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) J.L,i_l
Vol.3, No.11, 2013 lIS'E
698.

Castro FO, Herna'ndez O, Uliver C, Solano R, Milare, Aguilar A, Pe'rez A, DeArmas R, Herrera L, ae
Fuente J (1990): Introduction of foreign DNA inteetspermatozoa of farm animalheriogenology34:1099—
1110.

Celebi, C., Guillaudeux, T., Auvray, P., Vallet-Brdann, V., and Je’gou, B. (2003). The Making of
“Transgenic Spermatozo8iology of Reproductiof8, 1477-1483.

Chan AWS. Transgenic Animals: Current and AlteneatrategieCloning, 1999; 1 (1): 25 — 46.

Chan PJ, Kalugdan T, Su BC, Whitney EA, PerrottTé&dway DR, King A. (1995). Sperm as a noninvasive
gene delivery system for preimplantation embryestikty & Sterility 63:1121-4. Abstract

Chan P. J. (2000). Sperm-Mediated DNATransfer ths@é the Uterus and Embry®olecular Reproduction &
Developmenb6:316-318.

Chang K, Qian J, Jiang M, Liu YH, Wu MC, Chen C&jICK, Lo HL, Hsiao CT, Brown L, Bolen J Jr, Huang
HI, Ho PY, Shih PY, Yao CW, Lin WJ, Chen CH, Wu RAYn YJ, Xu J, Wang K (2002) Effective generatioh o
transgenic pigs and mice by linker based sperm-aedigene transfeBMC Biotechnolology, 5.

Cheng F., Fazeli A., Voorhout W., Marks A., Bevdvs, and Colenbrabder B. (1996). Use of peanut
agglutination to assess the acrosomal status amdzdha pellucida-induced acrosome reaction in iGtall
spermatozoa. Journal of Andrology 17 (6); 674 — 682

Chrenek P., Rafay J., Ryban L., Makarevic A.V.& Bul. (2005). Fertilizing Capacity of Transgenid aon-
Transgenic Rabbit Spermatozoa After HeterosperngerhinationBull Vet Inst Pulawy9, 307-310.

Chrenek P., Makarevic A.V. (2008). Transgenic R&bbi Production and Application. Slovak Journal of
Animal Science 41, (3): 113 — 120.

Collares, T., Campos V., Seixa F., Cavalcanti Rl)dgostin O., Moreira H. &Deschamps J. (2010).nEgene
transmission in South American catfisRhamdiaquelearvae by sperm-mediated gene transfeurnal of
Bioscience35(1), 39-47.

Cornetta K, Morgan RA, Anderson WF. Safety issudated to retroviral-mediated gene transfer in msna
Human Gene Therap$991; 2(1):5-14.

De Miguel, M.P., and Donovan, P.J. (2003). Deteanta of retroviral- mediated gene delivery to mouse
spermatogoniaBiology of Reproductiof8: 860-866.

Dimitrova |., Angelov G., Teneva A., Uzev P. (200@rtificial Insemination of RabbitsBiotechnology in
Animal Husbandr?5 (5-6); 1249-1253.

Dyck MK, Gagne D, Ouellet M, Senechal JF, Belanggdracroix D, et al. (1999). Seminal vesicle production
and secretion ofgrowth hormone into seminal fliNdture Biotechnolog$7:1087-90.

Eghbalsaied S., Ghaedi K., Hosseini S. Tanhaid=@&gquzanfar M., Hajian M., Mozafari N., & EsfahaNi
(2009). Selection of the Most Appropriate Mediunr fAssessingMotility and DNA Uptake of Bovine
SpermatozoaYakhteh Medical Journal O, (4); 266-271.

El-Gendy E. A., Gad A. Y. & Mostageer A. (2006).8pemediated gene transfer in poulkyab Journal of
Biotechnology10(1);1-12.

Epperly, J. M. (2007). Linker- based sperm medigtede transfer method for the production of tranggeats.

A Thesis Presented to The Graduate Faculty of timévdusity of Akron In Partial Fulfillment of the
Requirements for the Degree Master of Science.

Feitosa WB, Milazzotto MP, Simoes R, Rovegno M,a¢io AC, Nascimento AB, Goncalves JS, Visintin JA,
Assumpcao ME. (2009). Bovine sperm cells viabititying incubation with or without exogenous DN2ygote
17:315-320. abstract

Felgner, P.L. (1996). Improvements in cationic §pmes forin vivo gene transferHuman Gene Therapy
(15): 1791-1793.

Francolini, M., Lavitrano, M., Lamia, C.L., Frendd,, Frati, L., Cotelli, F., and Spadafora, C. (3R%vidence
for nuclear internalization of exogenous DNA intcammalian sperm cellsMolecular Reproduction &
DevelopmenB4: 133-139.

Gagné, M.B., Pothier, F., and Sirard, M.A. (19918dioporation of bovine spermatozoa to carry fgmedNA

in oocytesMolecular Reproduction & Developme2®: 6-15.

Gandolfi, F. (1998). Spermatozoa, DNA binding arah$genic animald.ransgenic Research&s 147- 155.
Garcia-Vazquez F A, Ruiz S, Grullon LA, Ondiz ADuti@rrez-Adan A, & Gadaa J. (2010). Sperm Mediated
Gene Transfer in Pigs: Effect of Exogenous DNA Enes in Seminal Quality and Evaluation of in vivo
Transgenic Embryo ProductioRevista Cientifica, FCV-LUZX; 81- 88.

Gordon JW, Scangos GA, Plotkin DJ, Barbosa JA, RudeH. (1980). Genetic transformation of mouse
embryos by microinjection of purified DNARroceeding of the National Academy of Scieb@&A; 77:7380-
7384,

Granner D. K. & Weil A. (2003). DNA OrganizationgBlication, & Repair. Chapter 36 ktarper’s lllustrated

109



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) J.'—,i_l
Vol.3, No.11, 2013 ||S E

Biochemistry Twenty six edition, Copyright © 2003 by The Mc@r&alill Companies.

Harel-Markowitz E., Gurevich M., Shore L. S., K&z Stram Y., Shemesh M. (2009). Use of Spermrhilgs
DNA Lipofection Combined with REMI (Restriction Eyrne- Mediated Insertion) for Production of Trandgen
Chickens Expressing eGFP (Enhanced Green Fluoretetein) or Human Follicle-Stimulating Hormone.
Published on January 21, 2009 as DOI:10.1095/bicdbgeproduction.108.070375.

Hempling H. G., & White S. (1984). Permeability afltured megakaryocytopoietic cells of the rat imethyl
sulfoxide.Cryobiology21 (2); 133 — 143.

Hoelker M, Mekchay S, Schneider H, Bracket B G,fags D,Jennen D, Tholen E, Gilles &t al. (2007).
Quantification of DNA binding, uptake, transmissiand expression in bovinesperm mediated gene &abgf
RT-PCR: effect of transfectionreagent and DNA asatiure;Theriogenologys7 1097-1107.

Holody D, Strzezek J. (1999). Heparin- and Zn2+divig proteinsfrom boar seminal plasma. Acta BiocRiat;
46:935-9.

Hong Y., Moon Y., Jeong D. & Han J. (1998). Imprdueansfection efficiency of chicken gonadal priciat
germ cells for the production of transgenic poullsansgenic Research 247 -252.

Horan R, Powell R, McQuaid S, Gannon F, HoughtoA.J(1991). Association of foreign DNA with porcine
spermatozoa. Arch Androl 26 :83-92.

Houdebine LM. (2003)Animal transgenesis and cloning/est Sussex, UK: Wiley & Sons.

Kang JH, Hakimov H, Ruiz A, Friendship RM. (2008he negative effects of exogenous DNA binding on
porcine spermatozoa are caused by removal of sefhiith Theriogenology/0; 1288-1296.

Khan, K. H. (2010). Gene Transfer Technologies #mr Applications: Roles in Human Diseasésian
Journal of Experimental Biological Sciende(1):208-218.

Khoo, H. W., Ang, L. H., Lim, H. B., and Wong, K..Y1992). Sperm cells as vector for introducing DN#o
zebrafishAquaculturel07, 1-19. Abstract

Khoo, H. W. (2000). Sperm-mediated gene transigdiss on zebrafish in Singapoidolecular Reproduction
& Developmenb6: 278-280.

Kim JH, Jung-Ha HS, Lee HT, & Chung KS.(1997). Diepenent of a Positive Method for Male Stem Cell-
Mediated Gene Transfer in Mouse and Riglecular Reproduction & Developme#$:515-526.

Kim TW, Chung H, Kwon IC, Sung HC, Jeong SY. (2Q0) vivo gene transfer to the mouse nasal cavity
mucosa using a stable cationic lipid emulsion. Mol Cell; 10: 142-7.
Kim TS, Yang C, Lee YS, Park SB, Park CK, & Lee &08). Optimal Condition for Sperm-Mediated Gene
Transfer by Liposome in PigReproductive Developmental Biologg; 81-87.

Kuznetsov, A.V., and Kuznetsova, LV. (1995). Thinding of exogenous DNA pRK3lacZ by rabbit
spermatozoa, its transfer to oocytes and expregsipreimplantation embryo©ntogene26: 300-309.
Kuznetsov AV, Kuznetsova IV, Schit IY. (2000). DNAteraction with rabbit sperm cells and its transfeo
ova in vitro and in vivoMolecular Reproduction & Developmesi6:292-297.

Lanes C F C, Sampaio L A and Marins L F (2009).l&aon ofDNase activity in seminal plasma and kptaf
exogenousDNA by spermatozoa of the Brazilian flamBaralichthys orbignyanu$heriogenology71 525—
533.

Lavitrano M, Camaioni A, Fazio VM, Dolci S, Farab#G, Spadafora C. (1989). Sperm cells as vectors for
introducing foreign DNA into eggs: Genetic transfiation of miceCell ;57:717-723.

Lavitrano, M., French, D., Zani, M., Frati, L., ai8padafora, C. (1992).The interaction between exoge
DNA and sperm cellsViolecular Reproduction & Developmeait: 161-169.

Lavitrano, M., Busnelli, M., Cerrito, M. G., Giovaani, R., Manzini, S., and Vargiolu, A. (2006). 8pe
mediated gene transféReproduction, Fertility and DevelopmedB; 19 — 23.

Li, L., Shen, W., Min, L., Dong, H., Sun, Y., and® Q. (2006). Humalactoferrin transgenic rabbits produced
efficiently using dimethylsulfoxide — sperm-medihtgene transfeReproduction, Fertility & Developmeni8:
689-695.

Long C. J., Hmel P. J., Kennedy A., Quiles J. &elBaugh J., Reid T. J. (2003). Interaction of DMBIth
Model Membrane. I. Comparison of DMSO and d6-DM®CDSC and IR Investigationlournal of Liposome
Researchl3; 249 — 257.

March, J. C., Rao, G. & Bentley, W. E. (2003): Bichinological applications of green fluorescent gimt
Applied Microbiological Biotechnology?2: 303-315.

Marta G. A. (2009). Genetic Transfer in Sperm CalldMus Musculus anédRamdia QuelemA doctoral thesis
presented to Biotecnologia. Universidade Feder&ealetas, Pelotas.

Maione B., Pittoggi C., Lorenzini R., & Spadafora (@997). Activation of Endogenous Nucleases in uviat
Sperm Cells upon Interaction with Exogenous DIBAIA and Cell Biology.6 (9); 1078 — 1097.

Morrell J. M. (1995). Artificial Insemination in Raits. British veterinary Journal51; 477 — 488.

Nakanishi, A., and Iritani, A. (1993). Gene tramsfe the chicken by sperm-mediated methollalecular

110



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) J.'—,i_l
Vol.3, No.11, 2013 ||S E

Reproduction & Developmef6: 258-261.

Niu, Y., Liang, S. (2008). Progress in gene trandfg germ cells in mammalslournal of Genetics and
Genomics35: 701 — 714.

Parrish, J.J., J. Susko-Parrish, M.A. Winer and. Nricst, (1988). Capacitation of bovine sperm bpdra.
Biology of Reproductigr38: 1171-1180.

Pittoggi, C.et al. (2006): Generation of biologically active retroage upon interactionof mouse spermatozoa
with exogenous DNAMolecular Reproduction and Developm@&3t 1239-1246.

Rexroad, C.E.J. (1992). Transgenic technology imalagriculture Animal Biotechnologg; 1-13.

Robinson KO, Ferguson HJ, Cobey S, Vaessin H, SBIN2000). Sperm-mediated transformation of the
honey beeApis melliferalnsect Molecular BiologQ:625—634. Abstract

Rottmann, O. J., Antes, R., Hoefer, P., and MaiethoG. (1992). Liposomes mediate gene transfer via
spermatozoa into avian egg cellsAnim. Breed. Genet09, 64-70.

Sasaki S, Kojima Y, Kubota H, Tatsura H, Hayashiéhri K. (2000). Effects of the gene transfer isfmerm
mediated by liposomes on sperm motility and fezdilion in vitroHinyokika Kiyo,46:591-595. Abstract

Sato, M., Iwase, R., Kasai, K., and Tada, N. (19®iject injection of foreign DNA into mouse tests a
possible alternative of sperm-mediated gene tran&féemal Biotechnolog$: 19-31. abstract

Sato M, Tanigawa M, Kikuchi N, Nakamura S, Kimura (2003). Efficient gene delivery into murine owari
cells by intraovarian injection of plasmid DNA asgbsequent in vivo Electroporatiddenesis35 (3);169-174.
Schaefer-Ridder, M., Wang, Y. and Hofschneider(1P82). Liposomes a gene-carriers:efficient tramaégion
of mouse L-cells by thymidine kinase geBeience21 5: 166-168.

Schellander K, Peli J, Schmall F, Brem G. (1995jtifi&ial insemination in cattle with DNA treatecparm.
Animal Biotechnolog$;41-50.

Sciamanna, I., Piccoli, S., Barberi, L., Zaccagn@i, Magnano, A. R., Giordano, R., Campedelli,Hagdgson,
C., Lorenzini, R., and Spadafora, C. (2000). DNAsel@nd sequence dependence in sperm-mediated gene
transfer.Molecular Reproduction & Developmed®, 301-305.

Seleva NG, Popov GA, Riabchenko NI, Dedenkov AN98(). Increase in the resistance of a liposome-
incorporated rubomycin-DNA complex to the actioDdMAses.Antibiotiki ; 26: 37-40.

Shemesh, M., Gurevich, M., Harel-Markowitz, E., &ghvenisti, L. (2000). Gene integration into b&sperm
genome and its expression in transgenic offspiMumjecular Reproduction & Developmesi: 306-308.

Shen, W., Li, L., Pan, Q., Min, L., Dong, H., anéng, J. (2006). Efficient and simple productiortrahsgenic
mice and rabbits using the new DMSO-sperm mediad®dgenous DNA transfer methodMolecular
Reproduction & DevelopmeiiB: 589-594.

Spadafora C. (1998). Sperm cells and foreign DNAOAtroversial relatiorBioessay20:955-964.

Spadafora, C. (2008). Sperm-mediated ‘reverse’ gemesfer: A role of reverse transcriptase in teaggation
of new genetic informatiortluman Reproductio@3: 1-6 DOI.

Sperandio S, Lulli V, Bacci ML, Fomi M, Maidone Bpadafora C, Lavitrano M. (1996). Sperm-mediatedADN
transfer in bovine and swine specidsimal Biotechnology:59- 77.

Squires EJ, Drake D (1993): Liposome-mediated Digfer to chicken sperm cellanimal Biotechnology
4:71-83. abstract

Tsai HJ. (2000). Electroporated sperm mediatiom gene transfer system for finfish and shellfiglolecular
Reproduction & Developmeb6: 28 1-284.

Tsien, R. T. (1998): The green fluorescent prot&imual Review of Biochemisti§7:509-544.

Vasicek D., Vasickova K., Parkanyi V., Rafay J.,d@rska L. (2007). Effective generation of genetjcal
modified rabbits by sperm mediated gene tran¥témld Rabbit Sciencd5: 161 — 166.

Wall, R. J. (2002). New Gene Transfer Methokiseriogenologyb7:169-201.

Wang, H.J., Lin, A.X., and Chen, Y.F. (2003). Agsation of rabbit sperm cells with exogenous DN¥aimal
Biotechnologyl14: 155-165.

Wheeler, M. B. and Walters, E. M. (2001).Transgergchnology and Applications in Swin€heriogenology
56:1345-1369.

Willadsen, S. M. (1986). Nuclear transplantatiostieep embryodNature 320, 63-65.

Wilmut | (2002). Are there any normal cloned manmsdNature Medicing 8:215-216

Wolf E., Schernthaner W, Zakhartchenko V, PrelleStgjkovic M, Brem G. (2000). Transgenic technolagy
farm animals: progress and perspectitegerimental Physiolog§5:615-625.

Zoraqi, G. & Spadafora, C. (1997). Integration @feign DNA sequences into mouse sperm gen@MA and
Cell Biology,16, 291—300.

111



Journal of Biology, Agriculture and Healthcare
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online)

Vol.3, No.11, 2013

Table (1). Thermal cycling conditions for PCR amplificationhdse guidelines were tested fappendorf

thermal cycler.

Table (2): concentrations applied during Al for each; gWizABRA, liposome, DMSO, and restriction enzyme

Step Temp (°C)| Time No. of cycles
Initial denaturation| 95 2 min 1
Denaturation 95 0.5 min

Annealing 52 1 min | 30
Extension 75 0.5 min

Final extension 75 5 min 1

No. of treatments

Type of treatment

Concentration per each treatment

Vector | Liposome| DMSO | RE
5 Vector-liposome-RE 10ug| 10ug 50
5 Vector-DMSO-RE 10pg 10ul 50

Final volume per treatment

500u! with sp-TALP meuliu

Figure (2): Artificial insemination (Al) in rabbits. Wheimsemination was done by two persons, one retains
rabbit by holding her back and the other operatith thie glass insemination pipette.
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Figure (1): Testing of primer design of gWizGFP 364bp fragmanipolymerase chain reaction. Lane 1: 20ul
DNA size marker (Invitrogen). Lane 2: 364 bp fragimeroduced from 0.7ug DNA template (QWizGFP vector
and 0.08uM of each forward and reverse primer. LZrng64 bp fragment produced from 0.8ug DNA tengplat
(gWizGFP vector) and 0.10uM of each forward andcerse primer. Lane 4: 364 bp fragment produced ftom
1g DNA template (gWizGFP vector) and 0.12uM of fard/ and reverse primers. Electrophoresis conditions
agarose concentration 1%, power applied: 5.5 V fune of run: 1 hr. staining dye used: ethidiumrbiae.

12000bp
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Figure(3). Linearization of gWizGFP vector BanH | restriction endonuclease during only 30 minuination
at 30°C. Lane 1: 20ul (2.2 ug) DNA Size marker thogen — USA). Lane 2: 1 ul (5ug) covalently cldse
circular gWizGFP vector (Aldevron — USA). Lane 3u#(5ug) linearized gWizGFP vector (Aldevron — USA
Lane 4: 20ul (2ug) DNA Size marker (Fermentas — WS4ane 5: 20ul (5ug) linear pTZ57R/T vector
(Fermentas — USA). Electrophoresis conditions: @gaiconcentration 1%, power applied: 4.5 V / cmgtof
run: 1 hr. staining dye used: ethidium bromide.
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Figure (4). The ability of liposome and DMSO respectively tange the electrophoretic mobility of circular as
well as linear DNA. Lane 1: 15ul (1.5 pg) DNA Simarker

(Invitrogen). Lane 2: 2 ul (10 pg) CCC gWizGFP wedlone. Lane 3: 2 pl (10 pg) CCC gWizGFP vectibh w
10 pl (10 pg) liposome. Lane 4: 2 ul (10 pg) CCCig®FP vector with 10 pl DMSO. Lane 5: 10 pl (10 pg)
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linear gWizGFP vector alone. Lane 6: 10 ul (10 |irgar gWizGFP vector with 10 ul (10 pg) liposorhane
7:10 pl (10 pg) linear gwizGFP vector with 10 pMBO. Lane 8: 15ul (1.5 pg) DNA Size marker (Invifem
— USA). Electrophoresis conditions: agarose coma&oh 0.8%, power applied: 4.5 V / cm, time of r60 min.
staining dye used: ethidium bromide.

Figure (6). The effect of liposome on DNase activity profilerabbit's seminal fluid. Lane 1: 20ul size marker
(Invitrogen). Lane 2: 2pug gWizGFP DNA (Aldevronjate 3: 1ul (1 pg) seminal fluid. Lane 4: 10ul takem
incubation of 6pug gWizGFP DNA, 1ul seminal fluid Z8pl D.W. Lane 5: 10ul taken from incubation of 6pl
(6png) gWizGFP DNA, 6ul (6pg) liposome, 1pl semifiaid & 17ul D.W. Lane 6: 5ul seminal fluid. Lane 7
10ul taken from incubation of 6pg gwWizGFP DNA, Seminal fluid & 18ul D.W. Lane 8: 10ul taken from
incubation of 6pug gwWizGFP DNA, 6 pl (6pg) liposorsg,l seminal fluid & 13ul D. W. Lane 9: 10ul semnlina
fluid. Lane 10: 10pul taken from incubation of 6g/igGFP DNA, 10ul seminal fluid & 14pul D.W. Lane 11:
10ul taken from incubation of 6ug gWizGFP DNA, &glg) liposome, 10ul seminal fluid & 8ul D.W. Lane
12: 1ug bovine serum albumin (BSA).

Figure (5). The effect of liposome compared with DMSO in redgcDNase activity. Lane 1: 20ul DNA size
marker (Fermentas — USA). Lane 2: 1ug gWizGFP vetiane 3: 30min liposome incubated and 5min (1/10)
DNase hydrolyzed 3.3pg gWizGFP vector. Lane 4: BOtiposome incubated and 10min (1/10) DNase
hydrolyzed 3.3pug gWizGFP vector. Lane 5: 30min DMiS€ubated and 5min (1/10) DNase hydrolyzed 3.3ug
gWizGFP vector. Lane 6: 30min DMSO incubated andnih0(1/10) DNase hydrolyzed 3.3pug gWizGFP
vector.Lane 7: 5min (1/10) DNase hydrolyzed 3.3M¢z§sFP vector. Lane 8: 10min (1/10) DNase hydrotyze
3.3ug gWizGFP vector. Electrophoresis conditiogsrase concentration 1%
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Figure (8). diagram shows the efficiency of transgenesisnddtiperovulated females after their insemination
with sperm cells treated with exogenous DNA. A) Thember of kindling obtained after the artificial
insemination of recombinant sperm into the supdated female uteri, in which only four out of temdling
were obtained. B) The number of alive kindling ah¢al after the artificial insemination of recombih@perm
into the superovulated female uteri, in which athiee out of ten kindling were obtained. C) The benmof new
born transgenic babies obtained after artificiasbmination with gWizGFP linearized vector — DMS®@amHI

of only one of the three alive kindling obtained) Bumber of new born transgenic babies obtainedr aft
artificial insemination with gWizGFP linearized vec— DMSO — BamHI of only one of the three aliviadling
obtained. E) Number of new born transgenic babiewined after artificial insemination with gwWizGFP
linearized vector — liposome — BamHI of only onetlad three alive kindling obtained

Figure (7). gWizGFP vector integration into the sperm celt®mincubation for 1 hour at room temperature.
Lane 1: 20ul DNA size marker (Invitrogen — USApgre 2: 10ul of 364 bp PCR tested amplified fragmen
Lane 3: 364 bp PCR amplified fragment from 1ul apgenomic DNA isolated after incubation with gWizZ&F
— liposome- BamH |. Lane 4: 364 bp PCR amplifieagment from 0.51ul sperm genomic DNA isolated after
incubation with gWizGFP — DMSO- BamH |. Lane 5: 36g PCR amplified fragment from 0.51ul sperm
genomic DNA isolated after incubation with gWizGFHiposome. Lane 6: 364 bp PCR amplified fragment
from 0.41ul sperm genomic DNA isolated after indidra with gWizGFP - DMSO. Lane 7: 364 bp PCR
amplified fragment from 0.31pl sperm genomic DNAoléed after incubation with gWizGFP only.
Electrophoresis conditions: agarose concentratib®olpower applied: 5.5 V / cm, time of run: 1.I5dtaining
dye used: ethidium bromide.

115



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) J.'—,i_l
Vol.3, No.11, 2013 ||$ E

Figure (10). Detection of gWizGFP vector existence into theodlowithdrawn from new born artificial
insemination babies their mothers were injecteti gitVizGFP DNA-

liposome-BamHI complex. Lane 1: 20ul DNA size marldavitrogen — USA). Lane 2: 10ul of 364 bp PCR
tested amplified fragment. Lanes (3 to 7) of 1®PER product of new born babies from No. 10 to Nb.Lane
8: 10ul of PCR product of negative control newrbbaby. Electrophoresis conditions: agarose cdreton
1.5%, power applied: 5.5 V / cm, time of run: 45:nstaining

dye used: ethidiurromid

Figure (9). Detection of gWizGFP vector existence into theodl withdrawn from new born artificial
insemination babies their mothers were injected wiVizGFP DNA-DMSO-BamHI complex. Lane 1: 20ul
DNA size marker (Invitrogen — USA). Lane 2: 10u1384 bp PCR tested amplified fragment. Lanes (Blp
10ul PCR product of newborn babies from No. 1 to Blaespectively. Lane 12 was 10ul of PCR proddct o
negative control new born baby. Electrophoresigitams: agarose concentration 1.5%, power appbeslV /
cm, time of run: 45 min. staining dye used: ethidibromide.
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