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MANIPULACION GENETICA EN EUCARIONTES

Existen tres herramientas bdsicas para estudiar la
funcion de los genes de un organismo eucariotico:

1) Aislar el gen mediante clonamiento. ¢é??

2) Manipular la secuencia del gen /in vitro

3)Retornar el gen silvestre (wt) o alterado a las
células eucarioticas para determinar como funciona

El punto 3) es el que ha presentado los mayores
obstaculos................ “e/ contexto genomico”.
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TRANSFECCION: * * —
“Transformacion de células Rl -
eucaridticas en cultivo usando T — o
DNA desnudo”

FIGURE 12-1

Add Cﬂc'g
Transfection of DNA by calciom plmalphabe coprecipitation. j
The figure depicts an updated version of the original Add
Graham and van der Eb experiment, which demonstrated pm ‘ DNA to

that transfer of naked adenovirus DNA yields infectious
virns. Many variations of this basic protocol are now in use,
Adenovirus particles are purified, and their DINA is
extracted. The DNA is mixed with a carefully buffered
solution containing phosphate. Addition of calcium chioride
forms a fine precipitate of calcium phosphate and DNA
(which contains phosphate groups in its backbone). The
preci 1 onto a 1 of cells growing in
a pem dish md left on the cells for several hours, during
which time many of cthe cells take up rhe precipitared DNA.
The precipitate is removed from the cells, which are then
incubaved in fresh growth mediom for several days.
Infectious virus particles soon emerge from the cells.

in rnﬂlum
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Definiciones

La transfeccion consiste en la introduccion de algin tipo de
material genético externo en células eucariontes mediante
plasmidios, vectores virales (en este caso también se habla de
transduccion) u otras herramientas para la transferencia.

El término transfeccion para métodos no-virales se usa en
referencia a células de mamiferos, mientras que el término
transformacion se prefiere para describir las transferencias no-
virales de material genético en bacterias y células eucaridticas no
animales como hongos, algas o plantas.

"Transfeccion” originalmente viene de “infeccion mediante
transformacion”, ya sea mediante la introduccion de DNA o RNA
de un virus o de un bacteriéfago.

"Infeccion” es la colonizacion de una célula huesped u organismo
vivo por células externas o virus.
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FiGURE 12-12

rus is o very large DINA virus (gemome of about 150 kb) that infects insect cells. To
express a foreign gene in baculovirus, the gene of & d in pl of the _viral comt
protein gene in a E-am-:l carrying a small portion of the \nral The
plasmid is cocran inte insect cells with wild-type baculoviros DNA. Ac a low
li-nquen:.y, the pl-:tnul and viral DINAs recombine through Itomologmuu sequences, resulting

d;efowgenunnmthevlrul Virus develop, and the
,.' G i -4 wm-km&dl&mmlmm-rtheylﬂckchempmm The r
1 with r bi virus are picked and expanded. This virus stock is then used ro S Lobos U de Chile
infect n fresh cultmre of insect cells, resulting in high P of the fi gn p
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Infeccion de células
de insectos

para expresion de
proteinas
recombinantes con
correcto
procesamiento post-
traduccional
(glicosilacion,
fosforilacion, etc)

Baculovirus kit
conteniendo linea
celular de
Spodoptera
frugiperda
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Quick and Reliable Results Using BaculoGold™ Baculovirus Expression System

Generate recombinant
BV-transfer vector

Co-transfect BaculoGold™
and recombinant transfer
LA vector inte 5f insect cells

Recombination between
the vector and the viral
LA DMA occurs within the

cell and recombinant
baculovirus are produced

Harvest recombinant virus
and amplify to produce
LA high titer stock

Infect cells for recombinant
protein expression and
LA purification

L
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Transfeccion de células
eucarioticas con vectores
retrovirales.

Las lineas celulares
utilizadas contienen un
provirus integrado que
aporta todas las
proteinas requeridas para
el ensamblaje del virus
recombinante. El provirus
estd desarmado y no
puede empaquetar su
propio RNA.

Las particulas infecciosas
recombinantes tienen
amplio rango de huesped
y su DNA se integra en
forma estable expresando
el producto génico

S Lobos U de Chile
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FIGoURE 1Z2-13

Use of a retrovirus vecror for stable, long-rerm exprossion of
a forcign gernve. 1 he genc is clomed inxo & revtrovirus vector
that lacks most viral genes T he gene is nsually expressexd
vnder the comtrol of the strong viral promoter in the L' TR,
e recormibinant plasmiid is transfecred into a special
packaging cell line char harbhors an integrated proviras, " The
provirues has been crippled so that, although it prodaces all
the proteins reguired to assemble infeorious virases, its own
RINA canmot be packaged inco virus. Dmstcad, RTNA
produced frosn che recombinant viras is packaged. T he viras
stock released from the packaging cells dhas conctains only
recommbinant viras., The virus can be used o infoor virtually
any orfther ocll resulring in the integration of the wviral
senome and che stable producoon of the foreign genc
product.
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Vectores retrovirales son pantropicos, es decir,
infectan a casi cualquier tipo de células

Fate of pantropic retroviral vector

H-@-@

Integration
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Transcription l
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Reverse transcription

E—

uclear translocation
during cell division

Translation

)

/
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Tipicos vectores retrovirales son comerciales y pueden ser
manipulados en bacterias.
Vectores de expresion Bicistronicos

Vector disefiado para

expresar dos genes Cw sy
blanco. Después de \

transfectar una linea

celular, este vector pacCxIxX L*

'. 6.3 kb |
puede expresar e ’
temporalmente o \. Svaoar -

. P 3

integrarse y expresar m>~ LIRY o=

establemente el ooz) ~\ (2242-2290)
. . \

primer gen a partir MCS I

(2268-7BE6)

del promotor

temprano de CMV vy el “m ~Foversa Soquaning rimer
segundo gene usando
las secuencias IRES

a0 75 fdc ] w0 it}

MCS I:  CECESCCECACEEETABGLLTLETACGCTTAATTAACGGATCCEEAATTCD
Netl  Agel BsiWl Pacl  BamHl EcoRl

=M ZBE Hm

MCS II: AABCTTGAICACGCRTCTEBAGATATCAR

Bl Miul Xhal EcoRV

. Restriction Map and Multiple Cloning Sites (MCS | and MCS 11 ) of pQCXIX Retroviral Vector. Unique resfriction sites
S Lobos U de Chile are in bold.
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Seleccion genética de células eucarioticas transformadas

Synhesis of purine nucleotides

Synthesis of thymidylate

Guanine monophoshate €— Inosine monophosphate <€— Adenine monophosphate Thymidine monophosphate

Salvage pathways

S Lobos U de Chile

10



25/08/2010

CO-TRANSFECCION
Gen marcador + gen de
interés no-seleccionable

MrGuUrRE 12-3
Ir fer of a 1 le gene by cotransfection with a
n-ﬂwr gene. A herpes sﬂnmx virus DINA fragment

the s gene was mixed with a frag carrying the
abhit ?—globin gene. The rwo ﬂ-wm were nppl.i-d o
lishes af mouse "~ cells as a
The p P T d, and the cells were “n:ub-wd.
n HAT ii i s only the growch of k™"
cells (see Figure IZ-Z) AM Z2vo 3 weelu colonhn of ®~
cells grew up on the dish icked and
ywwrn up. Chromosomal DINA was mlu-:l, d:g-md wich

enzyme Kpwl, (which cleaves ar the sites
|mmed Ty "'K" in the g-globin genc), and snalyzed by
th-n-:blornng,usi.ngu mdiompm:hmdmcwd

the rabbir & generaved by
dﬂﬂvm with M M l"ifthc e uulunl“ had alzo

o the gene, Demiled analysis of che
structure of the gr-n-ﬁcud DMNA in these clones showed
char it mmgl‘md as large arrays carryving multiple copies of
horh =" um-l}y ac one or s few chromo-
sommal ﬂ“g M ] 1 size ma 3
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¥ =

Clocve DA
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‘i;orm-u-l =

Southern blor
‘ Hybridize with 4. 7-kb B-globin probe
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Otros genes marcadores seleccionables

ENTYME (sbbrevition) DRUG FOR SELECTION SELECTION MECHANISM l

Aminoglycoside phosphotransferase (APH) ~ G418 (inhibits protein synthesis) APH inactivates G418
Dihydrofolate reductase (DHFR): Mtx-  Methotrexate (Mtx; inhibits DHFR)  Variant DHFR resistant to Mrx
resistant variant

Hygromycin-B-phosphotransferase (HPH)  Hygromycin-B (inhibits protein HPH inactivates hygromycin-B |

synthesis)
| Thymidine kinase (TK) Aminopterin (inhibits de novo purine T synthesizes thymidylate
| and thymidylate synthesis)
| Xanhine-guanine Mycophenolic acid (inhibits e novo ~ XGPRT synthesizes GMP from
. phosphoribosyltransferase (XGPRT) GMP synthesis) xanthine |
Adenosine deaminase (ADA) 9-f-D-xylofuranosyl adenine (Xyl-A;  ADA inactivates Xyl-A
damages DNA)
& S Lobos U de Chile
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Transfeccion con
otros tipos de
vectores es
ineficiente e
inestable y solo
pocas de las células
seleccionadas
integran el DNA
transfectado en el
cromosoma. Estas
pocas células deben
ser crecidas por
varias generaciones.

S Lobos U de Chile

Expressicn
wector DS,
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l 20 A40% of cells
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for tramsient — “'% 1 -
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Select by adding Gai1s Grow colls withour salection
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Al ealle contain Fewvwar than 1% of cells
plasmicl D sralsby carry plasmicl DA
imncorporared inme
chromosomeal DA

FreuRreE 1Z—4

T ransfecred IDINA s maintained cransiencly in many cells,
bur srably inctegrares in only a few., During che first 48 hoars
following rransfection, as many as 50 percent of the cells in
the culture carry rhe transfecred IDPNA. This is rermed the
frEasterer pfvace, aned for many kinds of experiments, the
cultures are used ar this point. As vhe cells continue o
incubare, rhe rransfecred IDINA s progressively losc from
most of them (owing to a combinarion of degradarcicon amd
dilurtion, becanse uninregrarted DPMNA s nor asaally
replicared along with the host cell chromosomes). In only a
few cells on the dish does che IDMNA becorme scably
inrtegrared into o chromosome. Isolating chose cells and their
descendants reguires the applicarion of a sefecrfos for a
rransfected marker gene (left). The sclection kills off all che
cells vhar failed o inrtegrare rransfecrted [N A allowing rhe
rare integraAnts o Erow ap incto large isolared colomnies
(clomes), which can be recovered for further aoalysis.
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Gene for AmpR

Col ET ori o s — M1 3 ori

Plasmid for high-level .
ransient expression E = i
SVA4AO0 rerminator

T and pohyia)
promoter addition sequence

Pobhrlinker

Foreign gene
or cDiNA

introm

Prirmmary mRMNA
transcript

-4

& i
‘mRNAsprcang ; -

FiGure 12-5 {Afoe)

A typical mammalian expression vecror for high-level
protein expression. Modern expression veceoors are stitched
rogether from several distincr anits rthar provide the
different components of a functional gene. [ he vecror
shown here carries a potent pPromoter from cyrtomegaloviras
(CMV), an intron from a globin gene, and the poly(A) addi-
tion signal from SVa40 virus. Such plasmids usually contain
several restricdion sites {(collecrively called a polylinker) for
inserting rhe foreign gene to be expressed. The plasmid
backbone carries the usual sec_gxences for replication (Col E1
o7%i) and drug-resistance (Amp®) in B cofi, inclading in rthis
case an M13 origin of replication (os7), allowing this vector
o be recovered fromm bacreria as single-stranded phages for
casy rmutagenesis.

/2

S Lobos U de Chile
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Co-amplificacion

FIGURE 12-6  (Righy)
Obeaining high-level expression by coamplification with
M:Thgmembeupmuedismmfactulwged&erwitha
dlfr gene into a cell line that lacks endogenous DHFR
enzyme activity. The cells are grown in a special
nucleoside-free medium in which only cells thar have
acquired a dbfr gene can grow. Clonal colonies are picked,
grown up, and shifted to medium containing 0,05 M
merhotrexate (Mtx), an inhibitor of the DHFR enzyme.
Most cells fail o grow at this concentration of Mtx. But a
few will have amplified their dbf- genes, allowing them o
produce sufficient amounts of the enzyme to escape inhibi-
tion by Mrx. After a few weeks of growth, cells with ampli-
fied dbfr genes will have multiplied enough o predominare
in the culture, At this point, the concentration of MTYX is
raised, and che cycle is repeated. The Mitx concentration is
steadily raised in small increments until it reaches about 50
m gene expracad #M. Cells growing at this concentration have amplified their
S Lobos U de Chile

dbfr genes along with the linked foreign gene several
hundredfold.




25/08/2010

Otros método de
transferencia genética:

* Electroporacion
* Lipofeccion

Tipos de células

Mammalian Cells | Bacterial Cells Fungal Cells 'r'_*:““&fw
mined with thwhm-nl phuul.h-

CHO E col S. cerevisiae e g & W e g g
clectmdes, tranuently opening holes in coll membranes.

Cos7 A tumefaciens P pastoris fuk el Voo oo o Yo et g i
masient expression phase, or sebection can be applied o

ans F aeruginosa C. albicans e i e e

293 S, aureus S pombe

Hela B. cergus D. discoideum

BHK21 S pyrogenes

A549 L. plantarum

cvi

K562

HL&D

Jurkat

HuT78 S Lobos U de Chile
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Lipofeccion:
Utiliza liposomas con el DNA
de interés encapsulado.

Los liposomas son fabricados
con reactivos lipidicos
cationicos o lipofectaminas.

Dilute DNA
into D-MEM

Dilute LIPOFECTANINE ll

Reagent into D-MEM ¥ f:f“ PLUS

Reagent
O
L i
o] < i .
Mix, incubate 15 min

o Combine diluted
S| LIPOFECTAMINE Reagent,
O PLUS Reagent, and DNA

Mz, incubate 15 min

Add complexes
to cells. (cells 70%,
to 90% confluent)

Incubate 3 h
Add serum to medium,
increase volume.
Incubate 24 hto 48 h

¥

Stain, assay. or passage S Lobos U de Chile

e
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FIGURE 1Z-8B

Liposome-mediaced gene or fer (Ap fong). A i of
methods have been developed o encapsulare D™NA in
synthetic lipid bilayers resembling cell membranes. These
fiporomer are essentially spheres of syntheric membrane filled
wirh DMNA. They fuse spontaneously o cell membranes,
disgorging rheir contenrs into the cytopl Making
liposomes from scracch is complicared, bur commercial
reagents are available char considerably simplify the
procedure.
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A pesar de todos estos

meétodos siguen

habiendo tipos celulares

recalcitrantes.

Muchos investigadores
retornan a los virus y
vectores derivados.
Adenovirus, SV40,
virus Vaccinia, etfc.,
especialmente por sus
disefios para expresion
de proteinas y sobre-
expresion.

FIGURE 12-9

SV40 viral vectors. The gene to be expressed (foreign
DNA) is cloned into a site after the viral lare promoter, in
place of the SV40 lute genes. The recombinant viral genome
15 excised from the plasmid (vsing Bewkl restriction

enzyme which cuts st “B”) and circularized with DNA

1 The circalarized molecules are fected into
cells with DNA from w defecrive 5V40 helper virus chac
carries the functional late genes that are missing from the
recombinant viral (this helper virus, however, is
defective because it lacks the early genes). Cells that take
up both plasmids begin to produce viral proteins that
replicate both of the DINAs introduced and package them
into infectious viral particles. The cells soon Iyse, releasing
virus. The resulting virus stock is harvested and can be used
m infect a new culture of monkey cells. At the heighe of
this second infection, the infected cells produce high level

of protein from the cloned gene.

S Lobos U de Chile
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irn lasmmicd
HHigh levels of encodad

Erorein proc o,

FrrGIUTRE 12310 g
Lse of (COS cells for high-level ir <> ps x T e
Zene o be expressed is cloned inec a plasmmid thar carries a
srmall piece of SV 30 DN A char inciluades thoe viral Sgrivs of
roplication. Fhe plasmid is cransfecred into a special cell
Iime, COS, clhsae Frtoaia =T E prared defective SV O
Fenorme thar expresses the viral 17 antigen (T ag), reguaired
for replicavrion of viral IDINA. T he plasmid, because it
comTains che viral osigin of replicatbon, is recognized b
prlicaced. Before

T as, causimg che plasroadid o be iveaely
the cramsfocred cells finally die a few dawys lacer, Proteirn eos—
pressed fros:m the gene on the plasmicd scouasaalares oo lﬁ.g% Lobos U de Chile

ITevaels.
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Waccinia virus

T . . ——
. ey H s TF RMA polymercose gene

3 A /,:#ﬁ/
Waesinia virus
promoter

Infect cells

Anﬂiy“ Eexpression Pttt
of CF protein by gel immnrwl
electraophoarosis Eretine ity

FlcG:urrE 12—-11

E on of the cysrtic fibrosis gene (C4) in a vaccinia
vims vecrtor. T'o prove chat a wild-tvype OCF gene could
correct the ion-transporc defect in cells from a oysrtic fibrosis
parvient, rthe wwild-— type gienve o expressed in these cells
using A cew ne in viroes b= ST SV -
Fiarse, the cells wgre iuﬂ:r.'t‘etl writh = = Fm iy e
vaccinia virus rthar carries the gene cneonlivng bacreriophage

M7 BRMNA polyvmerase. T he infecred cells began oo produace

the RTNA polymerase. Nexr, the celly were transfecred with

a plasmid o ng the wild-type OF gene downstream of a

bacreriophage 7 promoter. ‘he T 7 RINA polyvmerase

efficiently rranscribed che CF gwne ince mmﬂ. and che

MR A was rranslared into procvein. T'he r cells

analyrzed for their n:vn—fl-mnupoﬂ activity and found to have

norrmal notivi - i at the cloned CF e oo ldd .
carrecr rthe d@ﬂety m:ﬁ parient’s cells. = S Lobos U de Chile

21



25/08/2010

Construccion de una genoteca de cDNA
(cDNA library)

A partir de mRNA-poli(A+)

S Lobos U de Chile
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Garrett & Grisham: Biochemistry, 2/e

Figure 13.13
Total RNA in 0.5 NaCl _ Ho
0.5M NaCl - -
(b) ﬁ
)/‘
— O

Add solution
of total RNA in
0.5M NaCl

Wash with 0.5M
NaCl to remove
residual rRNA, tRNA

Elute mRNA
from column
with HyO

Q\ Chromatography K’{
column :

s O 5
]
4  Eukaryotic mRNA &
Cellulose matrix with with P"}i!’f"‘} tails

covalently attached

hybridizes to oligo (d'T)
oligo (dT) chains b =

chains on cellulose;
rRNA; (RNA pass right
through column

Collect and
evaluate
mRNA solution

Saunders College Publishing
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mRNA 5[ LELLLY.
Anneal oligo (0T}, 5 primers
Y
mRBRNA B[ ARAAAN 3
ITIITe
(a) First strand Add reverse transcriptase and substrates
cDNA synthesis dATP, dTTP, dGTP, dCTP
Heteroduplex Y
mRNA 5 AARAAR 3
cDINA 5r< TIITL1 5°
Add RNase H, DNA polymerase, and dATP,
dTTP, dGTP, dCTP; mRNA degraded by RNase H
(b} Y
[ — 1 [I—
Y ITTTTN 5
DNA polymerase copics first-strand
. ! N N
DNA cINA using RNA segments as primer
(e} polymerase Y
5] > S | [ KRKKER 3
3l —TTTII0 5
i) DNA fragments joined by DNA liguse
cDNA duplex Y
cDNA 5l AERARR 5
chNa L TTTITIT 5
FeoRI linkers, [RATTCEGLACEAT
() T4 DNA ligase GCCETGCTCP
Y
[ARTTCGGEACGAG ARAARACTCCTGLCG
GCCGTRETC TTTTTNGAGCACGECTTAN

EcoRI ended—<DNA duplexes for cloning

S Lobos U de Chile
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Balatan of palviA) RNA Most cukarvoric mRN As carry 2
el A rail, which can be nsed 0 punfy the mRN A
teaction from the bulk of cellular RNA Cellular RNA i
possed aner o eolumn conaering of an inert material, often
welluliree ar agarose, - which algomuckeorides eonaiaing
entirely of denvvthymiding (dT) residues have been
attached. The polvi Ay rails hvbrdize m this ohgeid T),
causing the mEN A m ek m the column, while the res of
the RNA runs thmugh Afrer extensive washing of the
column o remove the lest maces of conraminaning material,
the column 15 washed with a baffer of low ionic srength

Unmer these conditions the poly( A oligntdT) hyhrids disso-

wiate, and the purified mRNA washes off the column

S Lobos U de Chile

Cells mmmobilized on
cell specific Dynabeads

S,

Cultored Cells

Lys= and homogenize in

Lysis 7 Binding Buffer

Hybridize mPIA m
—— prewashed

Dyvonabeads Olizo (AT ).

Isclate mBIA by
magnetic separsticn

Elute
mBE™NA

Solid-phass
DN A synthesis

‘)—rn’rn—r'rr

+
Aaasssass R MNA

ﬂTTT TTTTT— 15t strand cDMNA
T — Y

Fig. I: Schematic_ flow-chart of mRNA isolation
with the Dhnabeads mRNA DIRBECT T BTy
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OligodT ;5 55

A0
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Una genoteca de cDNA es
representativa del
conjunto de mRNAs poli-A
de un tipo celular
determinado, creciendo
bajo condiciones
especificas y a una edad o
tiempo de cultivo
determinado.

S Lobos U de Chile

|

First strand | Reverse transcriptase . 0|-_go(dT]
cDINA synthesis | + dNTPs P
mRNA 5°F AAAAS
<DNA I[T EEeEET 5

MNicks in RNA

strand ~—__ Nicking step l RNase H
—

E== : s e

Second strand D:A polymerase
+dNTPs
cDNA synthesis DNA ligase
Double- [ TR
stranded

DNA e RS ESE S

FIGURE 7-3

One method of converting mRNA to double-stranded
¢cDNA. Poly(A) RNA is incubated with short
deoxythymidine-containing oligonucleorides [oligo(d™l)],
which hybridize to the poly(A) tails, forming primed
templares for the enzyme reverse transcriptase. The resule
of this reaction is a collection of RNA—DNA hybrids. T'o
clone the cDNA molecules, the RNA strands must be
destroved and replaced with DNA. One way this is done is
to use an enzyme called RNase H, which nicks the RNA-
DNA hybrids. These nicks then serve as initiation sites for
DN A svachesis by £ cofi DNA polymerase. Evenrually, most
of the RNA fragments are replaced by DNA. The double-
stranded DNA molecules are finally treated with DNA
ligase, which seals up any remaining nicks in the new DNA
strand. To prepare cDDNA enriched for a specific sequence,
¢DNA synthesis can be primed with a specific oligonucleo-
tide primer. This method is often used when the goal is o
obrain the missing 5" end of a parual cDNA clone.
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