
Sistemi d’espressione mediante in vitro transcription/translation 

-Sistemi d’espressione mediante small-scale transfection  

  in mammalian cells 

Attraverso queste tecniche si hanno ridotte concentrazioni  

di proteine esogene 

 

La qualità di queste proteine è però molto elevata 

 

Entrambi gli approcci sono indicati per confermare funzioni 

specifiche (DNA-binding activity, transcriptional  regulation). 
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Sistemi d’espressione mediante in vitro transcription/translation 
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Sistemi d’espressione mediante in vitro transcription/translation 

-promotori di origine fagica (T7,T3,SP6) 

 

-RNA polimerasi di origine fagica 

 

-mRNA stabilizzati nella struttura mediante modificazione (mRNA  

  capped o aggiunte di sequenze al 3’ nontradotte UTR) 

 

  

C
o
rs

o
 d

i 
B

io
te

cn
o
lo

g
ie

 I
n
d
u
st

ri
al

i-
M

o
d
u
lo

 P
ro

ce
ss

i 



Sistemi d’espressione mediante in vitro transcription/translation 

C
o
rs

o
 d

i 
B

io
te

cn
o
lo

g
ie

 I
n
d
u
st

ri
al

i-
M

o
d
u
lo

 P
ro

ce
ss

i 



Sistemi d’espressione mediante in vitro transcription/translation 
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Sistemi d’espressione mediante in vitro transcription/translation 
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Sistemi d’espressione mediante in vitro transcription/translation 
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Analisi di proteine mutate 



Sistemi d’espressione mediante in vitro transcription/translation 
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Analisi di una DNA binding protein mediante EMSA  



-produzione di piccole quantità di proteina 

 

-estrema facilità ( kit commerciali) 

 

-espressione di proteine di piccola e grossa taglia 

 

Vantaggi dei sistemi in vitro transcription/translation 

C
o
rs

o
 d

i 
B

io
te

cn
o
lo

g
ie

 I
n
d
u
st

ri
al

i-
M

o
d
u
lo

 P
ro

ce
ss

i 



Svantaggi dei sistemi in vitro transcription/translation 

-basse rese 

 

-contaminazioni da altre proteine presenti negli estratti totali  

  usati nella traduzione 

 

-proteine tronche o mutate 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 

 

 

-transfezione transiente  

 

-transfezione stabile 

 

-espressione costitutiva 

 

-espressione inducibile 
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ZNF224 repression activity 
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Stable or transient ? 



Caratteristiche  dell’espressione mediante small-scale  

transfection 

-plasmidi d’espressione per cellule di mammifero 

 

-cellule recipienti quali COS7 o 293T 

 

-promotori con sequenze “enhancer” di origine virale  

(CMV, SV40,RSV) 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 

Un tipico vettore d’espressione eucariotico 



C
o
rs

o
 d

i 
B

io
te

cn
o
lo

g
ie

 I
n
d
u
st

ri
al

i-
M

o
d
u
lo

 P
ro

ce
ss

i 

Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 



C
o
rs

o
 d

i 
B

io
te

cn
o
lo

g
ie

 I
n
d
u
st

ri
al

i-
M

o
d
u
lo

 P
ro

ce
ss

i 

Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 



AldA-NRE / ZNF224 interaction 

L1   L2   M     F     C      6     7     8      9    10     11       12 

ATG 

AldA-NRE 

-555 -220 

TCCCCTTAGAGAGCAACAGACGTGT 

Neg1 

Repressor 

Nuclear protein 
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ZNF224 cDNA sequence 

1   GAGTCCAAACATTCGGTGGAGTCGCGGACACTTCCGCTCGGGGACTGAGGTTGCTGCAGTTTTTCCGCGATAGTTTGGGGCAGTTCCGCGCGTTGCAGGC 100

101 CCTTCTGAATTTCCTGGACCTACGCATTGGATCCTCAAAGAACTGCTGAATACCACTAGAAACATACCTGTAACCAGAGACAGCTGATTATAGCTTTCTG 200

201 CAGCAAGGAAGCCCACGTACCAGGGGCTGTCTTGGCACAATTCTGCTTTCCCAGGAACTGCATCACTCAGGACTCTGCAAGTTTCCAGAAGTAAGAGGGA 300

301 AAATGACCACGTTCAAGGAGGCAATGACCTTCAAGGACGTGGCTGTGGTCTTCACTGAGGAAGAGCTGGGGCTGCTGGACCTTGCTCAGAGGAAGCTGTA 400

      M  T  T  F  K  E  A  M  T  F  K  D  V  A  V  V  F  T  E  E  E  L  G  L  L  D  L  A  Q  R  K  L  Y  

401 TCGAGATGTGATGCTGGAGAACTTCAGGAACCTGCTCTCAGTGGGACATCAAGCATTCCACAGGGATACTTTCCACTTCCTAAGGGAAGAAAAGATTTGG 500

     R  D  V  M  L  E  N  F  R  N  L  L  S  V  G  H  Q  A  F  H  R  D  T  F  H  F  L  R  E  E  K  I  W   66

501 ATGATGAAGACAGCAATCCAAAGGGAAGGGAATTCAGGAGACAAGATCCAAACTGAGATGGAGACTGTTTCAGAAGCAGGAACACATCAAGAGTGGTCCT 600

    M  M  K  T  A  I  Q  R  E  G  N  S  G  D  K  I  Q  T  E  M  E  T  V  S  E  A  G  T  H  Q  E  W  S  F 100

601 TCCAGCAAATCTGGGAAAAAATTGCAAGTGATTTAACCAGGTCTCAAGACTTGGTGATAAATAGCTCTCAGTTCTCCAAAGAAGGTGATTTCCCCTGCCA 700

      Q  Q  I  W  E  K  I  A  S  D  L  T  R  S  Q  D  L  V  I  N  S  S  Q  F  S  K  E  G  D  F  P  C  Q  133

701 GACTGAGGCAGGACTATCTGTAATTCACACAAGACAGAAATCTTCCCAGGGCAATGGATATAAACCATCCTTCAGTGATGTCTCCCACTTTGATTTTCAT 800

     T  E  A  G  L  S  V  I  H  T  R  Q  K  S  S  Q  G  N  G  Y  K  P  S  F  S  D  V  S  H  F  D  F  H   166

 801 CAACAATTACACTCAGGAGAGAAATCTCATACGTGTGATGAGTGTGGAAAGAACTTTTGTTACATCTCAGCCCTTCGTATTCATCAGAGAGTCCACATGG 900

    Q  Q  L  H  S  G  E  K  S  H  T  C  D  E  C  G  K  N  F  C  Y  I  S  A  L  R  I  H  Q  R  V  H

 901 GAGAGAAATGCTATAAGTGTGACGTGTGTGGTAAGGAATTCAGTCAGAGTTCACATCTGCAAACTCATCAGAGAGTCCACACTGGAGAGAAACCGTTCAA 1000

      E  K  C  Y  K  C  D  V  C  G  K  E  F  S  Q  S  S  H  L  Q  T  H  Q  R  V  H 

1001 ATGTGTGGAATGTGGGAAAGGCTTCAGTCGTAGATCAGCACTTAATGTTCATCACAAATTACACACAGGAGAGAAACCTTATAATTGTGAGGAATGCGGG 1100

      C  V  E  C  G  K  G  F  S  R  R  S  A  L  N  V  H  H  K  L  H  T  G  E  K  P  Y  N

1101 AAGGCCTTCATTCACGATTCCCAGCTTCAAGAACATCAGAGAATCCATACGGGGGAGAAGCCATTCAAATGTGATATATGTGGTAAGAGCTTCTGTGGTA 1200

     K  A  F  I  H  D  S  Q  L  Q  E  H  Q  R  I  H  T  G  E  K  P  F  K  C  D  I  C  G  K  S  F  C  G  R 

1201 GATCAAGACTTAATAGGCATTCCATGGTTCACACGGCAGAGAAACCATTCCGATGTGATACGTGTGATAAGAGCTTTCGTCAGAGATCAGCACTTAATAG 1300

       S  R  L  N  R  H  S  M  V  H  T  A  E  K  P  F  R  C  D  T  C  D  K  S  F  R  Q  R  S  A  L  N  S

1301 TCATCGCATGATCCACACAGGAGAGAAACCATACAAATGTGAGGAGTGTGGAAAAGGCTTTATTTGTAGGCGAGATCTTTATACGCATCATATGGTCCAC 1400

      H  R  M  I  H  T  G  E  K  P  Y  K  C  E  E  C  G  K  G  F  I  C  R  R  D  L  Y  T  H  H  M  V  H

1401 ACGGGAGAAAAGCCATATAATTGTAAAGAGTGTGGGAAGAGCTTCAGATGGGCCTCGTGTCTTTTGAAACATCAGCGAGTCCACAGTGGAGAAAAACCAT 1500

     T  G  E  K  P  Y  N  C  K  E  C  G  K  S  F  R  W  A  S  C  L  L  K  H  Q  R  V  H

1501 TCAAATGTGAAGAATGTGGGAAAGGATTTTACACAAATTCACAATGCTATTCCCACCAGAGATCCCATAGTGGAGAAAAACCATACAAATGTGTGGAGTG 1600

       K  C  E  E  C  G  K  G  F  Y  T  N  S  Q  C  Y  S  H  Q  R  S  H  S  G  E  K  P  Y  K

1601 TGGGAAGGGCTACAAAAGGAGGTTGGATCTTGACTTTCACCAGCGCGTCCATACAGGAGAGAAACTGTATAATTGTAAGGAATGTGGGAAGAGCTTTAGT 1700

      G  K  G  Y  K  R  R  L  D  L  D  F  H  Q  R  V  H  T  G  E  K  L  Y  N  C  K  E  C  G  K  S  F  S

1701 CGGGCCCCATGTCTTTTGAAACATGAGAGACTCCACAGTGGAGAAAAACCATTCCAATGTGAAGAGTGTGGGAAGAGATTTACTCAAAATTCACATCTTC 1800

     R  A  P  C  L  L  K  H  E  R  L  H  S  G  E  K  P  F  Q  C  E  E  C  G  K  R  F  T  Q  N  S  H  L  H

1801 ATTCCCATCAGAGAGTTCACACTGGAGAAAAGCCATACAAATGTGAGAAGTGTGGAAAGGGCTACAATAGTAAGTTTAATCTTGATATGCACCAGAAGGT 1900

       S  H  Q  R  V  H  T  G  E  K  P  Y  K  C  E  K  C  G  K  G  Y  N  S  K  F  N  L  D  M  H  Q  K  V

1901 CCACACAGGAGAGAGACCATACAATTGTAAGGAATGTGGGAAGAGTTTTGGCTGGGCCTCGTGTCTTTTGAAACATCAGAGACTGCGCAGTGGGGAAAAA 2000

      H  T  G  E  R  P  Y  N  C  K  E  C  G  K  S  F  G  W  A  S  C  L  L  K  H  Q  R  L  R

2001 CCTTTCAAATGTGAAGAGTGTGGGAAAAGATTTACTCAGAATTCACAGCTTCATTCTCATCAAAGAGTGCACACTGGAGAAAAGCCATACAAATGTGATG 2100

     P  F  K  C  E  E  C  G  K  R  F  T  Q  N  S  Q  L  H  S  H  Q  R  V  H  T  G  E  K  P  Y  K

2101 AGTGTGGGAAGGGCTTCAGCTGGTCCTCAACTCGTCTGACCCATCAGAGACGCCACAGCAGAGAAACACCTCTCAAATGTGAGCAGCATGGGAAGAACAT 2200

       C  G  K  G  F  S  W  S  S  T  R  L  T  H  Q  R  R  H  S  R  E  T  P  L  K  C  E  Q  H  G  K  N  I  

2201 TGTACAGAATTCATTCTCTAAAGTGCAAGAAAAAGTTCACAGTGTAGAAAAGCCATACAAATGTGAGGACTGTGGGAAGGGCTACAACAGGCGCTTGAAT 2300

      V  Q  N  S  F  S  K  V  Q  E  K  V  H  S  V  E  K  P  Y  K  C  E  D  C  G  K  G  Y  N  R  R  L  N

2301 CTTGATATGCATCAGAGGGTCCACATGGGAGAGAAAACATGGAAGTGTAGGGAGTGTGATATGTGCTTTAGTCAGGCCTCAAGCCTTCGACTTCATCAGA 2400

     L  D  M  H  Q  R  V  H  M  G  E  K  T  W  K  C  R  E  C  D  M  C  F  S  Q  A  S  S  L  R  L  H  Q  N

2401 ATGTTCATGTTGGAGAAAAACCTTAGTGATGTGATGGTGCAATAAAGTCTTCACTCAGTCTTCATG 2466

       V  H  V  G  E  K  P  *

C
o
rs

o
 d

i 
B

io
te

cn
o
lo

g
ie

 I
n
d
u
st

ri
al

i-
M

o
d
u
lo

 P
ro

ce
ss

i 



Gli esperimenti di espressione in E.coli hanno dimostrato 

che : 

 

1) la proteina espressa in E.coli attraverso la trascrizione e la  

 traduzione è proprio la proteina che riconosce la sequenza 

 specifica di repressione del gene di aldolasi A 

 

2) la proteina KRAB-zinc finger ZNF224 è una DNA binding    

 protein 

 

3) il suo dominio di binding al DNA richiede che siano presenti  

 almeno i primi 8 domini a dita di zinco 

 

4) la proteina overespressa in E.coli è perfettamente funzionale 

 

5) La proteina wild type e le isoforme mutanti per delezioni 

 successive sono esattamente della taglia aspettata, come  

 dimostrato dagli esperimenti di western blotting. 
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La proteina KRAB-zinc finger ZNF224, espressa in 

cellule eucariotiche, esplica sempre la sua funzione di 

regolatore negativo trascrizionale (repressore)? 

ZNF224 repression activity 
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ZNF224 repression activity 
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Stable or transient ? 
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ZNF224 repression activity 
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B 

C 

 3        4         5               

  

3          4        5                

anti-a Tubulin 

anti-FLAG M2 

ZNF224 Repressor activity 
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ZNF224 repression activity 
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ZNF-224 repression activity 

pDEST26 ( Mammalian Gateway vector ) 

CMV promoter Met               His6                        
cDNA ZNF224 
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5’HPNRE 2x (reporter gene) 
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La proteina KRAB-zinc finger ZNF224, espressa in 

cellule eucariotiche, esplica sempre la sua funzione di 

regolatore negativo trascrizionale in maniera dominante ! 

 

E’ forse l’interazione tra la proteina KRAB-zinc finger 

ZNF224 e il suo co-repressore che risulta cruciale nell’ 

indirizzare l’attività trascrizionale e modularla 

negativamente ? 

ZNF224 repression activity 
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Core Promoter 

TATA box 
Coding region Silencer 

KRAB Zinc-finger domain 
KAP-1 

HDAC 
Setdb1 

HP1 

De-acetilazione degli Istoni 

blocco della trascrizione 

Transcriptional repression is mediated  

by KRAB A domain 
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Transcriptional repression is mediated  

by KRAB A domain 
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Transcriptional repression is mediated  

by KRAB A domain 
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GAL4   1-147 SV40 GAL4 (1-147) 

CAT cMyc- promoter 
5X GAL4 UAS GAL4-cMYC-CAT 

SV40 GAL4   1-147 GAL4-KRAB A   

1   47 

Transcriptional repression is mediated  

by KRAB A domain 
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GAL4-KRAB A (ng) 

GAL4  (1-147) (mg) 

CMV-CAT +      -      -       -      -       -      - 

-        -       -         25     50     100    200 

GAL4-cMYC-CAT -      +      +      +     +      +     + 
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Transcriptional repression is mediated  

by KRAB A domain 
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anti-GAL4 

   25 ng  50 ng 100 ng 200 ng 

21 kDa 

16 kDa 

   1 mg 

GAL4-KRAB 

GAL4(1-147) 

3       4         5          6          7 

anti-a Tubulin 

3       4         5          6           7 

Transcriptional repression is mediated  

by KRAB A domain 
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pCMV-CAT 

GAL4-cMyc-CAT 

GAL4-KRAB A (ng) 

pcDNA3-KAP1 (mg) 
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-             -            30         30          30         30 

-             -              -            2            4           6 
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Transcriptional repression is mediated  

by KRAB A-ZNF224 / KAP1 interaction 
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anti-FLAG 

2 mg 4 mg 6 mg 

anti-GAL4 

30 ng 

anti-a Tubulin 

3         4          5         6 

 3         4          5         6 

  3        4          5         6 

Transcriptional repression is mediated  

by KRAB A-ZNF224 / KAP1 interaction 
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1) Repression activity of ZNF224  is directed to the homologous  

 as well as the heterologous promoter ; 

 

2)  The transcriptional repression of ZNF224 requires the KRAB A  

 domain; 

 

3) The interaction between the KRAB A domain of ZNF224 and  

 the KAP1 corepressor is the crucial event in the repression; 

 

4) The recruitment of the repression complex including KAP1  

 is necessary for the full ZNF224-mediated repression. 

Conclusions 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 

 

 

-transfezione transiente  

 

-transfezione stabile 

 

-espressione costitutiva 

 

-espressione inducibile 
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ZNF224 repression activity 
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Stable or transient ? 



Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Un’altra questione cruciale è : 

 

“ Espressione costitutiva o inducibile ? “ 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 



Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 

Espressione di proteine esogene:  

 

Quanto ?  

 

 

Quando ?  

 

 

 

Come ? 
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Proteina tossica 

Alto dosaggio della proteina 

 

Studio delle funzioni durante 

lo sviluppo e il differenziamento 

(gradienti locali e temporali) 

 

Sistemi d’espressione stabili e  

modulabili dall’esterno in  

eucarioti 

 



Sistemi d’espressione mediante small-scale transfection  

in mammalian cells 
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Espressione inducibile di proteine esogene ha queste  

caratteristiche : 

 

1)Specificità : non deve rispondere a segnali endogeni 

 

2)Efficienza : deve mostrare bassi livelli  in condizioni basali 

 

3)Dose-dipendenza : deve essere modulabile  



        Sistemi d’espressione proteica inducibili 
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I fattori trascrizionali sono proteine 

modulari 
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Sistemi d’espressione proteica inducibili 

 

• Il sistema inducibile dall’ecdysone 

 

• Il sistema inducibile del reoswitch 

 

• Il sistema inducibile della rapamicina  

 

• Il sistema inducibile dalla tetraciclina 
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Il sistema inducibile dall’ecdysone 
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   Vettore di espressione  

        - RXR 

        - VgEcR 

        -marker di selezione 

Vettore reporter  

    -elementi E/GRE 

    -promotore minimo 

    -MCS 

    -gene per la proteina di            
interesse 

Il sistema inducibile dall’ecdysone 
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Il sistema inducibile dall’ecdysone 
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Il sistema inducibile Reoswitch 
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Il sistema inducibile Reoswitch 

utilizza come induttore N-(2-ethyl-3methoxy 

benzoyl)-N’-(3,5-dimethylbenzoyl)-N’-tert- 

buthylhydrazine  
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Il sistema inducibile  della rapamicina 
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Il sistema inducibile  della rapamicina 



Sistema inducibile TET-ON / TET-OFF 
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Sistema inducibile TET-ON / TET-OFF 
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pTRE2 

ATG ZNF224 C-myc 

AMPr 

Co 
E1 

ori 

Il cDNA codificante per la proteina di fusione ZNF224-

myc è stato clonato nel plasmide pTRE2 
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HeLa C5 D11 

- - + + - 

- 148 kDa 

- 98 kDa 

- 64 kDa 

  1                 2              3            4             5 

Doxiciclina 

600ng/ml 

I cloni C5 e D11 overesprimono la proteina di fusione ZNF224-myc 
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   0                  1500              2000        HeLa                 

    C5 

  1                     2                  3                 4 

- 98 kDa 

- 64 kDa 

Doxiciclina 

ng/ml  

 

La overespressione di ZNF224-myc viene  repressa con  

concentrazione di doxiciclina di 2000ng/ml 

C
o
rs

o
 d

i 
B

io
te

cn
o
lo

g
ie

 I
n
d
u
st

ri
al

i-
M

o
d
u
lo

 P
ro

ce
ss

i 



0 

20 

40 

60 

80 

100 

120 

140 

160 

0 12 24 36 48 60 72 

ZNF224-C5- 

HeLa TET-Off 
ZNF224-C5+ 

N
°

 c
e
ll

u
le

 (
x
1
0
0
0
)/

p
ia

st
ra

 

Tempo (ore) 

L’overespressione di ZNF224 provoca una diminuzione del 

numero di cellule C5- 
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C5-Cytofl. 
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C5- T24 

C5+ T24 

41.06%   C5- T24     

L’overespressione di ZNF224 inibisce la proliferazione 

cellulare evidenziando un aumento della popolazione 

apoptotica cellulare subG0/G1 
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9.24% 



1) Repression activity of ZNF224  is directed to the homologous  

 as well as the heterologous promoter ; 

 

2)  The transcriptional repression of ZNF224 requires the KRAB A  

 domain; 

 

3) The interaction between the KRAB A domain of ZNF224 and  

 the KAP1 corepressor is the crucial event in the repression; 

 

4) The recruitment of the repression complex including KAP1  

 is necessary for the full ZNF224-mediated repression; 

 

5)  The overexpression of ZNF224 induces a G0/G1 cell proliferation  

      arrest through a specific increase of subG0/G1 cell subpopulation. 

Final Conclusions 
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