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Transcription

ü DNA	  sequence	  as	  a	  template
ü RNA	  polymerase	  II	  (RNAPII)

ü the	  primary	  transcript	  
ü regions	  of	  sequence	  that	  do	  not	  code	  for	  the	  protein	  (introns)	  are	  

removed	  by	  splicing and	  a	  'cap'	  is	  added	  to	  the	  5ʹ′	  end	  of	  the	  RNA.



üNuclear pore	  complex	  
üMade up	  of	  30	  different	  proteins

üThe	  central	  cylinder	  has	  an	  eightfold	  symmetry.	  
üThe	  filaments on	  the	  cytoplasmic	  side	  help	  to	  
channel	  the	  mRNA	  towards	  the	  protein	  synthesis	  

machinery.



Translation

Some	  protein	  folding	  happens	  during	  translation,	  but	  
the	  endoplasmic	  reticulum	  is	  an	  important	  site	  of	  
protein	  folding. RNAi	  needs	  to	  target	  the	  mRNAs	  to	  

stop	  this	  synthesis	  of	  proteins.



Endojen &	  Eksojen siRNA



• Dicer is	  a	  double-‐stranded-‐RNA-‐specific	  ribonuclease	  
from	  the	  RNase	  III	  protein	  family.	  

• Dicer	  produces	  double-‐stranded	  siRNAs	  that	  are	  ∼21	  
nucleotides	  long.	  

• Two-‐nucleotide	  overhang	  at	  their	  3ʹ′	  end,	  as	  well	  as	  a	  
5ʹ′	  phosphate	  and	  a	  3ʹ′	  hydroxyl	  group.



• Argonaute catalyses cleavage	  near	  the	  centre of	  
the	  region	  of	  the	  mRNA

• There	  are	  more	  than	  25 Argonautes in	  the	  
nematode	  worm C.elegans compared	  with	  five in	  
the	  fly Drosophila melanogaster.



• siRNAs	  can	  trigger	  degradation	  of	  specific	  mRNAs
• ‘Knock	  down'	  the	  products	  of	  genes	  that	  are	  being	  
studied.	  

• In	  the	  clinic	  to	  reduce	  the	  production	  proteins	  that	  
are	  not	  functioning	  correctly.



What	  is	  siRNA?

• The	  most	  commonly	  used	  RNA	  interference	  
(RNAi)	  tool	  for	  inducing	  short-‐term	  silencing	  of	  
protein	  coding	  genes.

• A synthetic	  RNA	  duplex	  designed	  to	  specifically	  
target	  a	  particular	  mRNA	  for	  degradation

• Their	  utility	  is	  limited to	  cells	  that	  are	  amenable	  
to	  transfection

• Experiments are	  limited	  to	  relatively	  short	  time	  
frames	  on	  the	  order	  of	  2-‐4	  days



How	  is	  siRNA	  delivered	  to	  a	  cell?
Technique Delivery	  

Mode

Advantages Disadvantages

Transfecti

on

Cationic	  

liposomes or	  polymer

based

� Delivery	  of	  siRNA,	  microRNAs,	  

and	  shRNA	  into	  most	  cell	  types

� Not	  all	  cell	  types	  amenable	  to	  

transfection	  reagents

Electropor

ation

Electrical	  pulse � Effective	  for	  difficult-‐to-‐

transfect	  cells

� Cell	  death	  often	  increased

Viral-‐

mediated	  

Delivery

Lentivirus

Retrovirus

Adeno-‐

associated	  virus

� Effective	  for	  difficult-‐to-‐

transfect	  cells

� For	  use	  in	  stable	  selection

� In	  vivo	  application

� Requires	  BSL2	  facilities

� May	  trigger	  antiviral	  response	   in	  

some	  cell	  types

Modified	  

siRNA

Modified	   siRNA	  

(Accell)

To	  enable	  

passive	   uptake	  by	  

many	  cell	  types

� Effective	  for	  difficult-‐to-‐

transfect	  cells

� Repeated	  dosing	  possible	   for	  

longer-‐term	  silencing

� In	  vivo	  application

� Delivery	  efficiency	  inhibited	  by	  

presence	  of	  >3%	  serum	  during	  

application



Transfection
Reagent

• Dharmafect
• Lipofectamin
• Polyethylenimine (PEI)
• HEK	  293T	  hücresi	  için
(12’lik	  well:	  1	  ml	  medyum	  )
• -‐2mg	  DNA,	  4ug	  PEI,	  100	  ul OptiMEM



Specificity
off-‐target &	  on	  target

• The	  sequence	  complementarity-‐based	  
mechanism

• Chemical	  modifications to	  the	  siRNA for
preferential	  loading	  of	  the	  intended	  antisense
(guide)	  strand	  into	  the	  RISC	  complex

• Chemical	  modifications	  or	  thermodynamic-‐based	  
design for siRNA	  seed	  region	  to	  discourage	  
undesired	  interactions

• The	  strategy	  of	  pooling several	  independent	  
siRNAs



Applications

• Cytokinesis,	  apoptosis,	  insulin	  signaling	   and	  
cell	  differentiation.

• To	  identify	  novel	  pathways
• Validating targets	  for	  a	  number	  of	  cellular	  
processes	  and	  diseases	  including	  cancer,	  HIV	  
infection	   and	  hepatitis

• Animal disease	  models



Controls	  for	  siRNA	  Experiments

• Positive control:	  	  to	  ensure	  the	  delivery	  
method	  is	  sufficient	  to	  achieve	  effective	  
silencing

• Negative control:	  to	  separate	  sequence-‐
specific	  effects	  from	  the	  effects	  of	  
experimental	  conditions	  on	  cellular	  responses.

• Untreated control:	  a	   useful	  baseline	  reference	  
for	  cell	  phenotypes	  and	  gene	  expression	  
levels.





Jorgensen	  1990
van	  der	  Krol	  1990

Gene	  injection	  (pigmentation
Enzyme-‐petunias)
Expectation:	  more	  red	  color
Co-‐suppression	  of	  transgene	  
and	  endogenous	  gene.

Bill	  Douherty	  and	  Lindbo	  1993

Gene	  injection	  with	  a	  complete	  tobacco
etch	  virus	  particle.
Expectation:	  virus	  expression
Co-‐suppression	  of	  transgene	  
and	  virus	  particles	  via	  RNA.

Hamilton	  and	  Baulcombe	  1998

Identification	  of	  short	  	  antisense	  RNA	  
sequences
dsRNA?
How?

Fire	  and	  Mello	  1998

Injection	  of	  dsRNA	  into	  C.	  elegans
RNA	  interference	  (RNAi)	  or	  silencing

Ambros	  1993	  (2000)

Identification	  of	  small	  	  RNA	  in
C.	  elegans	  (micro	  RNA)



Step  1

• dsRNA  is  processed  
• 21-25  nucleotides  in  
length  
• have  2-3  nt 3’  
overhanging  ends  

• Done  by Dicer (an  
RNase  III-type  
enzyme)  



Step	  2

• The	  siRNAs	  associate	  
with	  RISC (RNA-‐
induced	  silencing	  
complex)	  and	  	  	  	  	  
unwind	  



Step	  3

• the	  antisense	  siRNAs	  
act	  as	  guides	  for	  RISC
to	  associate	  with	  
complimentary	  single-‐
stranded	  mRNAs.	  



Step	  4

• RISC cuts	  the	  mRNA	  
approximately	  in	  the	  
middle	  of	  the	  region	  
paired	  with	  the	  siRNA

• The	  mRNA	  is	  degraded	  
further



siRNA and Clinical Trials







Faz	  III	  and siRNA

• Age-‐related	  macular	  degeneration
• Bevasiranib sodium
• RNA	  interference;	  Vascular	  endothelial	  growth	  
factor	  A	  inhibitors



Ticari	   siRNA temin	  etme

http://dharmacon.gelifesciences.com/biologyoverview/?term=KRAS&sourceId=EG/3845



Ticari	   shRNA temin	  etme

http://dharmacon.gelifesciences.com/biologyoverview/?term=KRAS&sourceId=EG/3845



siRNA çalışmasında	  nasıl	  yapıyoruz?



Hücre	  tipi	  ve	  Dharmafect



shRNA kendi	  tecrübemiz

• http://bioinfo.clontech.com/rnaidesigner/sirn
aSequenceDesignInit.do

• http://bioinfo.clontech.com/rnaidesigner/olig
oDesigner.do?overhangs=on&restrictionSite=o
n



siRNA dizisini	  biliyorsanız!!!



siRNA dizisini	  bilmiyorsanız!!!



Tasarlanan	  shRNA’lerin içine	  atıldığı	  
pSIREN vektörü



KRAS	  geni	  için	  tasarlanmış	  shRNA’lar



HEK293T	  Hücre	  Hattı	  Transfeksiyon
Sonrası	  İmmün-‐boyama	  görüntüleri

6-‐20x6-‐10x



KRAS	  knockdown with shRNA
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KRAS	  knockdownwith shRNA



siRNA &	  shRNA



siRNA &	  miRNA




