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Espressione di una proteina nel suo stato nativo

La Proteomica e oggi considerata a tutti gli effetti come una vera
e propria disciplina scientifica.

Essa si occupa dello studio funzionale del genoma.

Il sequenziamento del genoma ( circa 40.000 geni ) ha consentito
un enorme sviluppo nella conoscenza di molti processi fisiologici
e patologici.

Lo studio del Proteoma, e cioe dell” informazione funzionale, potra
permettere di definire ancora di piu i meccanismi mediante i quali
tanti prodotti genici determinano ruoli e funzioni.



. Espressione di una proteina nel suo stato nativo
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Il termine Proteoma deriva dalla definizione :
“ Proteine espresse dal Genoma “

Mentre il Genoma ci dice cio che e possibile che sia espresso,
Il Proteoma, invece, ci dice cio che e funzionalmente presente
nella cellula.

Un gene, che codifica per una proteina di trasporto, un enzima,
un recettore, e sempre presente nel genoma ma potrebbe essere
spento e quindi il suo prodotto proteico non funzionante.

Corso di Biotecnologie Industriali-Modulo Processi



L’ espressione funzionale dell’informazione genetica, il Proteoma,
puo variare in dipendenza :

1) del tipo di cellula

2) dello stadio di sviluppo

3) delle variazioni ambientali
4) ...

|l Proteoma e molto dinamico e complesso rispetto al Genoma.
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Espressione di una proteina nel suo stato nativo

Lo studio del Proteoma implica necessariamente |I” isolamento
delle proteine di interesse dal resto delle macromolecole biologiche
della cellula.

Industriali-Modulo Processi

La purificazione di una proteina e la condizione essenziale
2 per conoscere la sua struttura e la sua funzione, dal momento che,
= come dice un vecchio adagio molto in voga tra i biochimici,

e

“.. non bisogna sprecare buoni propositi su una proteina non pura! “

Corso di Biote
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€’ Espressione di una proteina nel suo stato nativo
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La purificazione di una proteina non esaurisce le domande sulla
sua funzione nel complesso delle attivita all’interno di una cellula.
Se la proteina isolata e una chinasi, per esempio, sara utile sapere :
1) dove essa e localizzata

2) quali altre proteine interagiscono con essa

3) quali sono i bersagli della sua attivita

4) in quali tessuti essa e attiva

5) quali vie di trasduzione del segnale ne influenzano I’ attivita

Corso di Biotecnologie Industriali-Modulo Processi

6) qual ¢ il suo ruolo nello sviluppo, nel differenziamento...
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Structural organization of the human

Aldolase A gene

PR SR RO PR DS I e
T e
type-F mRNA 1 | |
type-M mRNA 1| I | |
type-L mRNA | 100bp




Organization of the promoter of the
human Aldolase A gene

-2100

384 262
-2000 220 172 ATG
t 811 I-747 ss5 220 -280 +45 & 150 +20
- 1] L2 « '

F C

I - negative regulatory element (AldA-NRE)
@ =5p1 element

= unknown positive regulatory element

' = muscle-specific positive regulatory element (MEF1)

A = Apl element



&  Analysis of the promoter activity

%5 by transient expression of a reporter gene

Saggio reporter

CAT (Cloramfenicolo Acetil Transferasi)

ER [ER FP (Green Fluorescent Protein)

LUC (Firefly Luciferase)

-1
’ - T - TRASFEZIONE

ERE

(Estrogen Responsive Element) ESPRESSIONE
TRANSIENTE

SAGGIO DEL
GENE
REPORTER
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Analysis of the promoter activity
. by transient expression of a reporter gene

Activating sequence elements  Sito inizig trascrizione

Activity

| l- -l L 100%

eg CAT, luciferase

[ [ ] L 100%

| [ ] L 20%
l:‘_)_ 1%

:‘_)_ 0%
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Analysis of the promoter activity
by transient expression of a reporter gene

i dctg'u'mo

Geni reporter: firefly luciferasi
NB Controllo interno per efficienza di trasfezione. x es promotore forte con renilla luciferasi

RNA Polymerase Transcription Factors
@cﬁ? N e
[ Promoter Luciferase J vy
3 Gene
Transcription
mRNA ( Luciferase | AAAA,
Translation
<« Reporter
Protein

' + Substrate

Light

Corso di Biotecnologie Industriali-Modulo Processi

Light Signal = Luciferase Expression = Promoter Activity



== Analysis of the promoter activity
by transient expression of a reporter gene

COOH

AN N
| > | v+ 02 +
HO /E\’//IS S] ’ ATP
LUCIFERINA
LUCIFERASI

O O
Il I
+ €02 + AMP + (HO);—P—-0—-P—(0OH),

I \:\>__/'/ j
Hﬂ/[v/, -g’ 'g +luce (562 nm;

OSSILUCIFERINA
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Analysis of the promoter activity

by transient expression of a reporter gene

Analisi funzionale di sequenze regolatorie: i saggi reporter

(particolarmente utili in trasfezioni transienti)

Geni reporter:

CAT (cloramfenicolo-acetil-transferasi)
NB Controllo interno per efficienza di trasfezione. x es promotore forte con luciferasi

promotore

—_—

=

(1) Remove gene x

Extract containing
“C-.CAM +
"“C.acetylated CAM

| e r— ) smm e
S ————
(5) Add "*C-CAM
+ acetyl CoA
N N
(6) Thin-layer

chromatography

Migration

Ongin —-

— -

@S LB (7) Autoradiography

cat

&=
. .

(2) Insert catgene

into cells

(4) Ex!ract cells

l (3) Insert cat construct

} 2 forms of acetylated CAM

- CAM
—— Origin




Analysis of the promoter activity
## by transient expression of a reporter gene

CLORAMFENICOLO

Originariamente isolato di Streptomyces venezuelaeé
ora ottenuto per sintesi chimica.

Analagomente all’'eritromicina si lega allrRNA 23S della
subunita 50S del ribosoma: inibisce la peptidil
trasferasi e svolge un'azione batteriostatica

Spettro d'azione molto ampio anche se ¢ piuttosto
tossico

—CHCl,

Corso di Biotecnologie Industriali-Modulo Processi

Chloramphenicol



Analyslis ot the promoter activity
@8 by transient expression of a reporter gene

Struttura Tridimensionale Delle Proteine Verdi Fluorescenti

Questa proteina possiede una struttura tridimensionale
molto particolare, che ricorda un cilindro cavo o un
barilotto (in inglese, b-barrel), con un diametro di 24 A
ed una altezza di 42 A.

Le pareti del cilindro sono formate da 11 B-foglietti
intrecciati a coppie e collegati tra loro mediante delle
corte a-eliche che chiudono le due basi della struttura.

All'interno di questa struttura estremamente
stabile (T. stab 76 °C) é contenuta
un’ulteriore a-elica che-comprende-il
cromoforo

della proteina.

Il corretto ripiegamento della proteina &
necessario per ottenere un ambiente rigido e
strutturato intorno al cromoforo e per
schermare il cromoforo da agenti esterni in
grado di deprimere la resa di fluorescenza

Corso di Biotecnologie Industriali-Modulo Processi



Analysis ot the promoter activity
@ by transient expression of a reporter gene
In vitro

wallzzazione subcelluinre

« Anticorpt (per genesardi in genere bisogna peodunye una proteina neombeanomic )
« Costrutts di espressioee 1 cml @l cDNA deila protessa veene [uso in-frume
tag" protesco fluoresceme (GFFP) o che renda [a peodeina noonoscibile da pacte
di un anticonpo (cpatoge HA MYC e FLAG)
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Analysis of the promoter activity

@ by transient expression of a reporter gene
In Vitro
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&  Analysis of the promoter activity

@ by transient expression of a reporter gene
In vitro
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Analysis of the promoter activity

o by transient expression of a reporter gene
In VIVO

Corso di Biotecnologie Industriali-Modulo Processi




Analysis of the promoter activity

"""""" = by transient expression of a reporter gene
In vivo
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Analysis of the promoter activity

@ by transient expression of a reporter gene
In VIVO
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’ Analysis of the promoter activity
by transient expression of a reporter gene

Repressing sequence Activating sequence Sito inizio

elements elements / trascrizione Activi ty

| l- L L 100%

eg CAT, luciferase

[ [ ] L 100%

| [ ] L 400%
l:‘_)_ 1%

:‘_)_ 0%
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Analysis of the promoter activity
i by transient expression of the aldolase A - reporter gene

Ll L2

LA -811 ( W WCAT]  100% -—

LA -555 [ "M MCAT] 269% +5 BEEH

LA -292 CBCCCTT) 284% +7 R

LA -220 C W CTAT] 150,2% + 35
LA-555(A-528/-215) [1\ /{m 17.1% +8 S
RBP9-CAT 21,8% + 2.2 S

RBP9+sil-CAT C—1 RBP [cal] 55% + 0,5""

Corso di Biotecnologie Industriali-Modulo Processi

Lupo et al BBRC 1995



Organization of the promoter of the
human Aldolase A gene

-2100

384 262
-2000 220 172 ATG
t 811 I-747 ss5 220 -280 +45 & 150 +20
- 1] L2 « '

F C

I - negative regulatory element (AldA-NRE)
@ =5p1 element

= unknown positive regulatory element

' = muscle-specific positive regulatory element (MEF1)

A = Apl element



Analysis of the promoter activity
by transient expression of a reporter gene

1° risultato :

Identificazione di un’interazione specifica tra una
proteina repressore e un elemento di sequenza nel
promotore del gene umano codificante per 1’ Aldolasi A
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Transcriptional control mediated by 97 kDa
repressor /AIdA-NRE interaction

Proliferating cells

Phosphorylation of 97 kDa
repressor by PKC activity

Differentiated
or
serum-starved

—

AldA-NRE Promoter CAT
Dephosphorylation of 97
kDa repressor
by inactivation of PKC

@ °
—>>
AldA-NRE Promoter CAT

cells




RNase Protection assay on total RNA

/% Molecole di mMRNA
RNase Hand T1

> + digestion
gD

Molecola di mMRNA
di Aldolasi A
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Denaturing electrophoresis gel
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RNase Protection on total RNA

ELETTROFORESI SU GEL DI DNA

di DNA di differenti
dimensioni

: 1
Alimen- | R
tatore l 11
' )'/ Gel
' __~Lastre
Ly divetro

Anodo
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RNase Protection on total RNA

Separazione di frammenti di DNA (o RNA) di
diversa lunghezza tramite elettroforesi

DNA restriction fragments

e

\ AN 7
DY/
a Yy

\ =
Y

7

Place mixture in the well of
an agarose or polyacrylamide
gel. Apply electric field

Molecules move through pores
in gel at a rate inversely
proportional to their chain length
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Subject to autoradiography
or incubate with fluorescent dye

—]_—_—
=
== ———

__ Signal corresponding

to DNA band
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RNase Protection on total RNA
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RNase Protection on total RNA from proliferating and
starved NIH3T3 cells using the specific probes for L- and F-

type mRNAS
hrs 246812 16 20 2§ hrs
serum % |10 0.5 20 = B serum %

10 0.5

2468 12 16 20 243
o
20 =

118
141 —
B-actin —
59 %
B-actin —
C D

Gasl — 28§ —
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Analysis of the expression
of human aldolase A gene

2° risultato :

[’RNA messaggero del gene umano codificante

per 1’ Aldolasi A e negativamente regolato nelle

cellule proliferanti rispetto alle differenziate o arrestate
nella crescita.




Transcriptional control mediated by 97 kDa
repressor /AIdA-NRE interaction

Proliferating cells

Phosphorylation of 97 kDa
repressor by PKC activity

Differentiated
or
serum-starved

—

AldA-NRE Promoter CAT
Dephosphorylation of 97
kDa repressor
by inactivation of PKC

@ °
—>>
AldA-NRE Promoter CAT

cells
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Gel shift assay

DA fragment &\?‘_\:’\\uj\:f}t\?\ﬁf

Divide sample

Protein @

Incubate with Incubate without
frofen [roten
Protein bound
o DIMA
GO GRGRNN NI ENTNEN NN
\ J
Flectrophoresis
Autoracliography
LINA-protein r:r1r11|:1|1~:p. —

Free DMNA — —




Methods

5 basic steps are in
conventional EMSA protocol A,

—Preparation of purified or
crude protein sample

—Preparation of nucleic acid
—Binding reactions

—Non-denaturing gel
electrophoresis

—Detection of the outcome

EMSA Variant: Supershift
assay
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Gel shift assay

', O 00.
T, \ 00
1P.{abeled DNA probe Nuclear extract
oM i /)
ind | Bectophoresiy , T,
cker | Autoradiography W/,
extract —
= =
*
===  DNA-protein
complex
wemn === Free DNA probe

Yang, V.W. (1998), JN, 128(11), pp. 2045-2051
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Gel shift assay

s + + + Protein “wWA%A- %
+ + + + Probe (Hot) %
- - + - Cold Probe (Competitor) &~
— e = + Antibody \r
‘?é ' Supershift =— -

% ‘é% %_/ Shift  ee— - —

o % “ £ Free Probe e . e - =

Corso di Biotecnologie Industriali-Modulo Processi

Gel Separation # Detection of Biotin-labeled Probes



Gel-shift assay on nuclear extracts from
proliferating and starved NIH3T3 cells

hrs 2 46 8 12 16 20 24

serum % 110 05 20

‘N
(7p]
D
(@)
o
| -
ol

o
-

o
(@)

=

I

o
)
(72)
-

e
(=

2
(@))
o
o
(e
()
(¢B)
+—
2
m
©
o
(9p)]
| -
o
@)



RNase Protection on total RNA from proliferating and
starved NIH3T3 cells using the specific probes for L- and F-

type mRNAS
hrs 246812 16 20 2§ hrs
serum % |10 0.5 20 = B serum %

10 0.5

2468 12 16 20 243
o
20 =

118
141 —
B-actin —
59 %
B-actin —
C D

Gasl — 28§ —
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Analysis of the expression
of human aldolase A gene

3° risultato :

[’RNA messaggero del gene umano codificante

per 1’ Aldolasi A e negativamente regolato nelle
cellule proliferanti e questa regolazione e dipendente
da una forte interazione DNA-proteina.
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ANANAA

oonn
O od

Protein separation by SDS-electrophoresis gel

and southwestern assay

N

AN

+ labeled
fragment

ANANAA

oonn
O 0d

autoradiography




Southwestern assay on NIH3T3 cell extracts with
M3, Negl, MutN1, MutN2 oligonucleotides and
transient transfection experiments

A M3 C
P S AIJANRE L1 L CAT
- [ 1] CAT ACTIVITY (%)
97kDa / \
AldALA-555 Negl TCCCCTTAGAGAGCAACAGACGTGT 46 +13
AldAL A-555MutN1 TCCCCTT CCGCGGCAACAGACGTGT 18.9 + 8.6
AldALA-555MutN2 TCCCCTTAGAGAGC GG CAGACGTGT 86 +1.0

B Negl MutN1 MutN2
P S P S P S
97kDa



e

¥ Transcriptional regulation of the expression
of human aldolase A gene
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4° risultato :

Il legame specifico del repressore trascrizionale sul promotore
del gene umano codificante per 1’ Aldolasi A e dipendente dal
tipo di sequenza (AGAGAGCAA).

Esperimenti di trasfezione transiente confermano la necessita del
motivo di legame GA-rich.

Il peso molecolare della proteina repressore sembra aggirarsi suli
97 kDa.

Corso di Biotecnologie Industriali-Modulo Processi



Transient transfection experiment of recombinant

constructs in proliferating and starved NIH3T3 cells

AldA-NRE Proliferating lanes

AIdALA-555 CI—T=—m cAT 64+t 15 (1)
L1 L2 -
RBP 9-CAT CAT 06+ 67 (2
RBP 9-CAT+AIdA-NRE1
(-218/ -527) F=L rep Joar 15+t 04 (3)
- + -

RBP 9-CAT+AIdA-NRE2 =D Rep ] cAT 25+ 12 (4)

(-527 /-218)

Thin layer
cromatography

1 2 3 4 5 6 7 8 9 10

- -
- s &

Starved
1211 31

2181 758

51 T 2.0

15,5 * 3.9

lanes

(6)
(7)
(8)
(9)



Transcriptional control mediated by 97 kDa
repressor /AIdA-NRE interaction

Proliferating cells

Phosphorylation of 97 kDa
repressor by PKC activity

Differentiated
or
serum-starved

T X
AldA-NRE Promoter CAT
Dephosphorylation of 97
kDa repressor
by inactivation of PKC
@
%
AldA-NRE Promoter CAT

cells
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5° risultato :

La sequenza AGAGAGCAA che e il bersaglio del repressore
trascrizionale sul promotore del gene umano codificante per
I’ Aldolasi A e capace di trasferire il potere di regolazione
negativa anche su un promotore eterologo e svolge percio una
funzione dominante.

Corso di Biotecnologie Industriali-Modulo Processi
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P97 binding activity Is

i modulated during cell-cycle
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A

“Transcriptional regulation of the expression

of human aldolase A gene

6° risultato :

Il legame specifico del repressore trascrizionale sul promotore
del gene umano codificante per 1’ Aldolasi A e dipendente dal
tipo di sequenza (AGAGAGCAA), ma anche dalla fase del ciclo
cellulare in cui si trovano le cellule.
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»

“Transcriptional regulation of the expression

of human aldolase A gene
Questioni

L’interazione tra 1l repressore trascrizionale di 97 kDa
e la sequenza AGAGAGCAA e presente solo nelle cellule
bloccate nella crescita?

Il modello di regolazione trascrizionale e soltanto riscontrabile
nelle cellule in fase di arresto di crescita (G0/G1)?



RNase Protection assay on total RNA

%

% RNase Hand T1
N+ m— digeston

Denaturing electrophoresis gel <
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Protein separation by SDS-electrophoresis gel
and southwestern assay

17 — W—F
DN
NAA \ ADNNAA

ninlnlnln > | OoOooo

mjun mjun >
Jfrr ;Z];r)ii(: & autoradiography

>
00000000 0000
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Gel shift assay

DA fragment NN TN N BN ENTS

A

Divide sample

Protein @

Incubate with Incubate without
proten proten
Protein bound
o DMA
NN GRGVUOX NINENENENTINN
\ J
Electrophoresis
Autoradiography
LM A-protein complex —

Free DIMNA — —




Regulation of transcription of aldolase A L-type
MRNA during CaCo- 2 cells differentiation

17

%2

S days 3715371537 15 days 3 7 15
%specif.____l__l__l____ 196
= compet. —

S nonspecif. - - - - - - + + +

E compet.

<

g

2 . 2
b}

g

S days 3 7 15

3

s Bact.
M —

-

3

S B c
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’Transcriptional regulation of the expression
of human aldolase A gene

7° risultato :

L’interazione DNA/proteina sul promotore del gene umano di
aldolasi A e il modello di regolazione trascrizionale e dimostrato
anche nel modello di cellule del colon CaCo2 che differenziano
In coltura.




Transcriptional control mediated by 97 kDa
repressor /AIdA-NRE interaction

Proliferating cells

Phosphorylation of 97 kDa
repressor by PKC activity

Differentiated
or
serum-starved

X
AldA-NRE Promoter CAT
Dephosphorylation of 97
kDa repressor
by inactivation of PKC
%
AldA-NRE Promoter CAT

cells




Phosphatase treatment of nuclear extracts
from Caco 2 cells

p d p d p d
Phosphatase (0.12 U) - - + + + +

Times (min.) - - 10 10 20 20
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d{'Binding activity of 97 kDa protein to AlIdA-NRE
~in TPA-induced proliferating NIH3T3 cells

TPA (200ng/ml) -+ + +
times - 24hs 10min 10min
H7 (50uM) - - -+
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wee  17anscriptional regulation of Aldolase-CAT
" constructs by p97/AldA-NRE interaction in NIH3

AldA-NRE

Corso di Biotecnologie Industriali-Modulo Processi

LA-555/220 l

Promoter

Transient transfection

Nuclear extracts
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«=e  |ranscriptional regulation of Aldolase-CAT
“constructs by p97/AIdA-NRE interaction in NIH3

Relative CAT Activity %

Constructs
WT Mutant

NIH3T3 cells LA-555 LA-555

clone 5 MNO9
TPA-untreated cells 60,7 + 8,7 100
TPA-treated cells 22,1 + 2,8 99,3 + 14,9
(200ng/ml)/24hrs
TPA-treated cells 108,1 + 17,4 |1102,5 + 18,6
(10ng/ml)/1hrs

serum-deprived. cells

116,8 + 21,1

N.D.




Transcriptional control mediated by 97 kDa
repressor /AIdA-NRE interaction

Proliferating cells

Phosphorylation of 97 kDa
repressor by PKC activity

Differentiated
or
serum-starved

T X
AldA-NRE Promoter CAT
Dephosphorylation of 97
kDa repressor
by inactivation of PKC
@
%
AldA-NRE Promoter CAT

cells
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’Transcriptional regulation of the expression
of human aldolase A gene

8° risultato :

L’interazione DNA/proteina sul promotore del gene umano di
aldolasi A e la regolazione trascrizionale sono influenzati
dall’equilibrio tra stato fosforilato/defosforilato del repressore
trascrizionale nel modello di cellule del colon CaCo2 che
differenziano in coltura.
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Conclusioni preliminari

| risultati fin qui ottenuti hanno spinto verso la purificazione del

1)
2)

3)

4)

Corso di Biotecnologie Industriali-Modulo Processi

fattore trascrizionale che riconosce e lega AIdA-NRE :
e un forte repressore della trascrizione di un gene eucariotico
la sua attivita di repressore e modulata nel ciclo cellulare

la sua stessa sintesi e probabilmente regolata durante il ciclo
cellulare

la sua attivita € modulata da un evento di fosforilazione
mediata dalla proteina chinasi C.
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Domanda fondamentale

Sulla base dei risultati ottenuti, € conveniente
Investire risorse per studiare il fattore
trascrizionale che riconosce e lega AIdA-NRE ?

Corso di Biotecnologie Industriali-Modulo Processi
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Questioni secondarie

E’ la purificazione del fattore trascrizionale 1l passaggio
cruciale ?

Quali metodologie biochimiche si possono utilizzare?
Dopo la purificazione all’omogeneita con quali

tecnologie ¢ possibile giungere all’identificazione
del fattore trascrizionale?

Corso di Biotecnologie Industriali-Modulo Processi



Protocol of purification of p97 repressor-protein

Hela extracts

DEAE-Cellulose 0.2 to 1 M Kkal

: 3

Specific DNA
Affinity Column 0.1 to 1 M KCI

Tryptic digestion

: !

MALDI-MS
Analysis
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Le proteine cariche
positivamente si
legano a granuli
carichi negativamente

Le proteine cariche
negativamente passano
attraverso la colonna

Corso di Biotecnologie Industriali-Modulo Processi
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Key: @ Large net positive charge
@ Net positive charge
@ Net negative charge
@ Large net negative charge

Polymer beads
with negatively
charged
functional groups |

Protein mixture is added
to eolumn containing

cation exchangers.

Proteins move through the
column at rates determined
by their net charge at the
pH being used. With cation
exchangers, proteins with
a more negative net charge
move faster and elute earlier,
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Una condizione molto importante!

Per seguire una proteina durante un protocollo
di purificazione e assolutamente necessario
avere a disposizione un saggio funzionale!!!



Limiversita
dughio Starch
del Sannio

11 gel shift mobility assay puo essere il nostro
saggio funzionale ?

DA iragment GOGOIOGGRGNIN,

Divide sample

Protein @

Incubate with Incubate without
proten proten
Protein bownd
s ¥ e P P P R oy
CANANFRE WANMANN ANMANMANANMNNNN
LY J

Electrophoresis
Autoradiography

L LT

LM A-protein complex —

Corso di Biotecnologie Industriali-Modulo Processi

Free DIMNA — —
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P DEAE-SEPHAROSE 1.E.C.
SIFr w 100 mM 200mM | | 300 mM
= _— : i ‘ I'/__:w_—i"lr—p T

400 mM 500 mM 600 mM

800 mM

T
--.—”O--.'.."."—.' T s ey - .

t(—_,__,_A~K

. o

_ i -
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Affinity chromatography

i’: f0405_ISBN88-08-07893-0 - Yisualizzatore immagini e fax per Windows

La proteina che
ega il glucosio

5i attacca ai
residui di glucosio
(C) sui granuli

C » C » La proteina chef
G G lega il glucosio
G viene liberata

G :O per aggiunta
GQ Aggiunta di ci, % di glucosio
glucosio (c)‘ b CG
= | O
X
o

G

G
c =
> 2

Sl 4 N N

QO HEag|[PR an Xt HE @



Affinity chromatography

* gt QOCIToprr e

prebey
extroct

o l [ow&cﬂdﬂ

l mulbmenzed cligoruciectides chromatography

C} coapleln partially
achivated resin
add

puridied
DN,

C
Ut@l\dlh 1 J separsle by
0
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Affinity chromatography

Key:
Protein of
interest
o
Ligand
Ligand
attached to
<« polymer bead
& Solution
? of ligand
@, —
‘e
Protein mixture
is added to
column containing
a polymer-bound
ligand specific
for protein of
interest,

i eluted by
{c) ligand solution.
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fractions

1 2

3

-
-
&=
";_ o
=2
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% Silver stained SDS-PAGE of the chromatography

- 208

- 131

|| - 44

- 35

- 17




K7
(7]
D
(@)
o
| -

(ol

o
>

i®)
o

=

I

—
)
(7]
>

e
-
2
(@))
o
o
c
(@]
(«B]
=
2

Corso di

MALDI-TOF technology

[ S - = ol =
"% Yisualizzatore immagini e fax per Windows

Raggio incidente

1)
| campione
proteico &

Jonizzato

(2) ;
Il campo elettrico
accelera gli ioni

Tubo di volo

Rivelatore

Raggio  prima al rivelatore

laser

Matrice

Campione\ Proteina
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MALDI-TOF technology

/ Laser beam

I Accelerator

Electromagnetic field

475
450
425
400
376
350
325

&
o

275
250

25

8

175
15.0
125
100
75
50
25
00

Relative intensity

3 \
Peptide @
ions @
D N
1229605
381.3%0
e Detector e @ O
1143 642
253262
1130.602
242251
1039.601 s
. _ 7| B GIRKDFCQFLLEIFPFL
16%753;
337,350
1601.805
63.77
Ll “
1000 1200 1400 1600 1800 2000 2200
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d repressor
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MALDI analysis of pur
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MALDI analysis of purified repressor

=
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duglio Starchi
del Sanmao
Protein Description
- MW
. Probability (kDa)
%)
N
8 [reflINP_037530.1]| zinc finger protein 82
o 1.0e+00 224
(al
o |dbj|BAA92587.1| (AB037770) 87
'cjj 1.1e-04 KIAA1349 protein [Homo sapiens]
@)
S [ref[NP_005522.1| interferon, gamma- 82
T 2.3e-05 inducible protein 16
<
e |gbJAAA58358.1| (M55602) amiloride- 81
§ 8.7e-06 binding protein [Homo sapiens]
§®)
< 7 46-06 _ |emb|CAA71414.2| (Y10388) Graf 86
@ protein [Homo sapiens]
(@)
@) |gbJAAC31673.1| (AC002310)
o 3.2e-06 : 88
8 Unknown gene product [Homo sapiens]
O
<) a
Q 1.30-06 |_ref_|NP_(_)57350.1| C_;IQT 4 for 75
= gonadotropin inducible transcription repressor-4
m
L ) [ref|INP_004691.1| potassium voltage-
_g 1.0e-06 gated channel, KQT-like subfamily, member 4 "
n
S . .
() ) |pir||S35458 SNF2 protein homolog -
@) 8.0e-07 human (fragment) 89
5 66-07 lemb|CAB36862.1| (AL022067) 85

dJ134E15.1 (Blimp-1) [Homo sapiens]


D:%5Cbackup%202002%5CTESI%20ROBERTO%5Cfigure%20tesi%5C129.85.19.192%5Cprowl-cgi%5Cprotein.exe?name=gi%7C7019591
D:%5Cbackup%202002%5CTESI%20ROBERTO%5Cfigure%20tesi%5C129.85.19.192%5Cprowl-cgi%5Cprotein.exe?name=gi%7C7243079
D:%5Cbackup%202002%5CTESI%20ROBERTO%5Cfigure%20tesi%5C129.85.19.192%5Cprowl-cgi%5Cprotein.exe?name=gi%7C5031779
D:%5Cbackup%202002%5CTESI%20ROBERTO%5Cfigure%20tesi%5C129.85.19.192%5Cprowl-cgi%5Cprotein.exe?name=gi%7C177960
D:%5Cbackup%202002%5CTESI%20ROBERTO%5Cfigure%20tesi%5C129.85.19.192%5Cprowl-cgi%5Cprotein.exe?name=gi%7C6433901
D:%5Cbackup%202002%5CTESI%20ROBERTO%5Cfigure%20tesi%5C129.85.19.192%5Cprowl-cgi%5Cprotein.exe?name=gi%7C3417297
D:%5Cbackup%202002%5CTESI%20ROBERTO%5Cfigure%20tesi%5C129.85.19.192%5Cprowl-cgi%5Cprotein.exe?name=gi%7C7706467
D:%5Cbackup%202002%5CTESI%20ROBERTO%5Cfigure%20tesi%5C129.85.19.192%5Cprowl-cgi%5Cprotein.exe?name=gi%7C4758632
D:%5Cbackup%202002%5CTESI%20ROBERTO%5Cfigure%20tesi%5C129.85.19.192%5Cprowl-cgi%5Cprotein.exe?name=gi%7C479805
D:%5Cbackup%202002%5CTESI%20ROBERTO%5Cfigure%20tesi%5C129.85.19.192%5Cprowl-cgi%5Cprotein.exe?name=gi%7C4455442

del Sannio

1

101

201

301

401

501

601

701

801

901

1001

1101

1201

1301

1401

1501

1601

1701

1801

1901

2001

2101

2201

2301

2401

ZNF224 cDNA sequence

GAGTCCAAACATTCGGTGGAGTCGCGGACACTTCCGCTCGGGGACTGAGGTTGCTGCAGTTTTTCCGCGATAGTTTG
CCTTCTGAATTTCCTGGACCTACGCATTGGATCCTCAAAGAACTGCTGAATACCACTAGAAACATACCTGTAACCAG
CAGCAAGGAAGCCCACGTACCAGGGGCTGTCTTGGCACAATTCTGCTTTCCCAGGAACTGCATCACTCAGGACTCTG
AAATGACCACGTTCAAGGAGGCAATGACCTTCAAGGACGTGGCTGTGGTCTTCACTGAGGAAGAGCTGGGGCTGCTG
M T T I K
TCGAGATGTGATGCTGGAGAACTTCAGGAACCTGCTCTCAGTGGGACATCAAGCATTCCACAGGGATACTTTCCACT
G H Q A Iz H R D T Iz H
ATGATGAAGACAGCAATCCAAAGGGAAGGGAATTCAGGAGACAAGATCCAAACTGAGATGGAGACTGTTTCAGAAGC
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
TCCAGCAAATCTGGGAAAAAATTGCAAGTGATTTAACCAGGTCTCAAGACTTGGTGATAAATAGCTCTCAGTTCTCC
Q Q I W E K I A S D L T R S Q D L v I N S S (@) I S
GACTGAGGCAGGACTATCTGTAATTCACACAAGACAGAAATCTTCCCAGGGCAATGGATATAAACCATCCTTCAGTG
T E A G L S Y T H T R Q K S S Q G N G Y K =4 S E S
CAACAATTACACTCAGGAGAGAAATCTCATACGTGTGATGAGTGTGGAAAGAACTTTTGTTACATCTCAGCCCTTCG
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
GAGAGAAATGCTATAAGTGTGACGTGTGTGGTAAGGAATTCAGTCAGAGTTCACATCTGCAAACTCATCAGAGAGTC
E K C Y K < D v C G K E F S Qo S S H L Q T H Q R v
ATGTGTGGAATGTGGGAAAGGCTTCAGTCGTAGATCAGCACTTAATGTTCATCACAAATTACACACAGGAGAGAAAC
C v E (e G K G F S R R S A L N \'4 H H K L H T G E K I
AAGGCCTTCATTCACGATTCCCAGCTTCAAGAACATCAGAGAATCCATACGGGGGAGAAGCCATTCAAATGTGATAT.
K A F I H D S Q L Q E H Q R I H T G E K 12 Iz K C D I
GATCAAGACTTAATAGGCATTCCATGGTTCACACGGCAGAGAAACCATTCCGATGTGATACGTGTGATAAGAGCTTT
S R L N R H S M v H T N E K P E R < D T C D K S F
TCATCGCATGATCCACACAGGAGAGAAACCATACAAATGTGAGGCGAGTGTGGAAAAGGCTTTATTTGTAGGCGAGATC
H R M I H T G E K P Y K C E E (& G K G F I C R R D 1
ACGGGAGAAAAGCCATATAATTGTAAAGAGTGTGGGAAGAGCTTCAGATGGGCCTCGTGTCTTTTGAAACATCAGCG.
T G BE K P Y N C K E C G K S F R W A S C L L K H Q R
TCAAATGTGAAGAATGTGGGAAAGGATTTTACACAAATTCACAATGCTATTCCCACCAGAGATCCCATAGTGGAGAA.
K C E E C G K G F b 4 T N S Q C b 4 S H Q R S H S G E
TGGGAAGGGCTACAAAAGGAGGTTGGATCTTGACTTTCACCAGCGCGTCCATACAGGAGAGAAACTGTATAATTGTA.
G K G Y K R R L D L D F H Qo R v H T G E K L Y INJ c 3
CGGGCCCCATGTCTTTTGAAACATGAGAGACTCCACAGTGGAGAAAAACCATTCCAATGTGAAGAGTGTGGGAAGAG.
R A P C L L K H E R L H S G E K = Iz Q C E E C G K R
ATTCCCATCAGAGAGTTCACACTGGAGAAAAGCCATACAAATGTGAGAAGTGTGGAAAGGGCTACAATAGTAAGTTT.
S H Q R v H T G E K 2 Y K C E K C G K G Y N S K F
CCACACAGGAGAGAGACCATACAATTGTAAGGAATGTGGGAAGAGTTTTGGCTGGGCCTCGTGTCTTTTGAAACATC.
H T G E R = Y IN) (& K E (& G K S F G W A S (& L L K H <
CCTTTCAAATGTGAAGAGTGTGGGAAAAGATTTACTCAGAATTCACAGCTTCATTCTCATCAAAGAGTGCACACTGG.
2 I K C E E C G K R F T Q N S Q L H S H Q R \'4 H T G
AGTGTGGGAAGGGCTTCAGCTGGTCCTCAACTCGTCTGACCCATCAGAGACGCCACAGCAGAGAAACACCTCTCAAA
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 _
TGTACAGAATTCATTCTCTAAAGTGCAAGAAAAAGTTCACAGTGTAGAAAAGCCATACAAATGTGAGGACTGTGGGA.
v Q N S F S K \'4 Qo E K v H S v E K P Y K c E D C G ¥
CTTGATATGCATCAGAGGGTCCACATGGCGGCGAGAGAAAACATGGAAGTGTAGGGAGTGTGATATGTGCTTTAGTCAGGC!
L D M H Q R \'4 H M G E K T w K C R E C D M (& F S Q A
ATGTTCATGTTGGAGAAAAACCTTAGTGATGTGATGGTGCAATAAAGTCTTCACTCAGTCTTCATG 2466

VHYV GEKP™*



Model of KRAB-ZNFs binding to DNA and
Induction of heterochromatin formation

¥ CpG. "
Zn+2 methylation
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Funzioni biologiche delle KRAB-ZNFs

Tablel. Structural and Functonal Featores of Some ERAB-FNFs

Metabolism
Protein Species Chromosomal EEAB Zine Fingers Expression Functional Referenmces
Localization Profile Eole
ZNF202 Human 11233 ERAB+SCAN g ubigquitous Lipids Meabolism [56-58]
Glycolysis
Human 19q13.2 ERAB-A+b box 19 ubiquitous Oxidative [62. 63, 65]
metabolism
ZNF236 Himan 18q22.3-23 KRAB-A box 25/30 whiquitons Glucose [64]
- dosams - “ } metabolism
Lipids homeo-
Esll Mouze 13B3 ERAB-A+B box 3 hver stasis Sexual [66, 67]
dimorphizm
Rsl2 - Lipids homeo-
Z8p429) Mousze 13B3 EFAB-A+B box 3 bver stasis [66, 67]

(Lupo et al. Current Genomics 2013)




Development and Differentiation

Funzioni biologiche delle KRAB-ZNFs

Protein Species CL]::-::;T:I ERAB Zine Finger: ]:_';:lp::;];iun Fu:;::ilznal References
ZMF268 Human 12q24.33 EFAB-A+B box 14 eryvthrocytes haematopolesis [68, 69]
ZNF300 Human 5q33.1 ERAB-A+b box 12 promyelocytes hasmatopolesis [70, 71]
ZNF304 Human 19913 4 EFAB-A box 13 bymphocytes lﬂiﬁr [72]
ZNF230 Humian 18g13.31 EFAB-A box 4 testis spermatogenesis [73]
ZNF463 Human 19q13.42 ERAB-A+B box 12 testis spermatogenesis [74]
ATIE Eat 11B1.3 EFAB-A box 11 bone ostecgenesls [75]
HT2 Mousze 16Al EFAB-A box g cartilage development [78]
ZNF359 Human l6g22 ERAB-A+B box 16 heart cardiogenesis [77]
ZFP28 Humian 19g13 .41 EFAB-A box 14 heart cardiogenesis [77]
ZFP57 Human 6p22.1 ERAB-A box & ovary, testis imprinting [40, 41]
Zfpl57 Mouse 5G2 ERAB-A+B box 11 mammary gland | alveclogenesis [78]

(Lupo et al. Current Genomics 2013)




Funzioni biologiche delle KRAB-ZNFs

Apoptosiz and Cancer

Chromosomal Expression Functiomal
Protei Speci KRAB Zinc Fing Ref
rotem pecies Locabzation ¢ THEErE Profile Role elerenoes
Contrel of
ZNF224 Human 19q13.2 ERAB-A+h box 19 ubiguitous rrene [53. 79, 80]
apoptosis
ZNF382 Human 19g13.12 ERAB-A+B box 6 heart Tumor suppres- [81]
50T gense
ZNF545 Human 19q13.12 KRAB-A box g ubiquitous Tumor suppres- [82]
50T gensa
ZBRE1 Human 19913 .41 ERAB-A box 8 skeletal muscle | LUOT SUPpres- [83-86]
50T gene
Apak Human 19q13.12 KRAB-A+b box 19 ubigquitous Regulator of [88, 89]
Fpopiosis
.. P33 degrada-
2 7 5 5 )
ZNF307 Human 6p21 ERAB+SCAN ubigquitou tion, apoptosis [90]

(Lupo et al. Current Genomics 2013)




Funzioni biologiche delle KRAB-ZNFs

Degenerative nenrological dizeaszes

Chromosomal

Expression

Functional

Protei Speci KRAB Zine Fing Refi
rotem pecies Localization € TIngErs Profile Raole elerenres
Parkimson's
ZNF746 Human 7q36.1 ERAB-A box 4 wbiquitous Hsen [#1]
dizease
.. Alrhermer’s
ZNF124 Human 19132 KRAB-A+b box 19 nbiquitous i [92]
SEASE

(Lupo et al. Current Genomics 2013)
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(Lupo et al. Current Genomics 2013)
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ZNF224 cDNA sequence

GAGTCCAAACATTCGGTGGAGTCGCGGACACTTCCGCTCGGGGACTGAGGTTGCTGCAGTTTTTCCGCGATAGTTTG
CCTTCTGAATTTCCTGGACCTACGCATTGGATCCTCAAAGAACTGCTGAATACCACTAGAAACATACCTGTAACCAG
CAGCAAGGAAGCCCACGTACCAGGGGCTGTCTTGGCACAATTCTGCTTTCCCAGGAACTGCATCACTCAGGACTCTG
AAATGACCACGTTCAAGGAGGCAATGACCTTCAAGGACGTGGCTGTGGTCTTCACTGAGGAAGAGCTGGGGCTGCTG
M T T I K
TCGAGATGTGATGCTGGAGAACTTCAGGAACCTGCTCTCAGTGGGACATCAAGCATTCCACAGGGATACTTTCCACT
G H Q A Iz H R D T Iz H
ATGATGAAGACAGCAATCCAAAGGGAAGGGAATTCAGGAGACAAGATCCAAACTGAGATGGAGACTGTTTCAGAAGC
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
TCCAGCAAATCTGGGAAAAAATTGCAAGTGATTTAACCAGGTCTCAAGACTTGGTGATAAATAGCTCTCAGTTCTCC
Q Q I W E K I A S D L T R S Q D L v I N S S (@) I S
GACTGAGGCAGGACTATCTGTAATTCACACAAGACAGAAATCTTCCCAGGGCAATGGATATAAACCATCCTTCAGTG
T E A G L S Y T H T R Q K S S Q G N G Y K =4 S E S
CAACAATTACACTCAGGAGAGAAATCTCATACGTGTGATGAGTGTGGAAAGAACTTTTGTTACATCTCAGCCCTTCG
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
GAGAGAAATGCTATAAGTGTGACGTGTGTGGTAAGGAATTCAGTCAGAGTTCACATCTGCAAACTCATCAGAGAGTC
E K C Y K < D v C G K E F S Qo S S H L Q T H Q R v
ATGTGTGGAATGTGGGAAAGGCTTCAGTCGTAGATCAGCACTTAATGTTCATCACAAATTACACACAGGAGAGAAAC
C v E (e G K G F S R R S A L N \'4 H H K L H T G E K I
AAGGCCTTCATTCACGATTCCCAGCTTCAAGAACATCAGAGAATCCATACGGGGGAGAAGCCATTCAAATGTGATAT.
K A F I H D S Q L Q E H Q R I H T G E K 12 Iz K C D I
GATCAAGACTTAATAGGCATTCCATGGTTCACACGGCAGAGAAACCATTCCGATGTGATACGTGTGATAAGAGCTTT
S R L N R H S M v H T N E K P E R < D T C D K S F
TCATCGCATGATCCACACAGGAGAGAAACCATACAAATGTGAGGCGAGTGTGGAAAAGGCTTTATTTGTAGGCGAGATC
H R M I H T G E K P Y K C E E (& G K G F I C R R D 1
ACGGGAGAAAAGCCATATAATTGTAAAGAGTGTGGGAAGAGCTTCAGATGGGCCTCGTGTCTTTTGAAACATCAGCG.
T G BE K P Y N C K E C G K S F R W A S C L L K H Q R
TCAAATGTGAAGAATGTGGGAAAGGATTTTACACAAATTCACAATGCTATTCCCACCAGAGATCCCATAGTGGAGAA.
K C E E C G K G F b 4 T N S Q C b 4 S H Q R S H S G E
TGGGAAGGGCTACAAAAGGAGGTTGGATCTTGACTTTCACCAGCGCGTCCATACAGGAGAGAAACTGTATAATTGTA.
G K G Y K R R L D L D F H Qo R v H T G E K L Y INJ c 3
CGGGCCCCATGTCTTTTGAAACATGAGAGACTCCACAGTGGAGAAAAACCATTCCAATGTGAAGAGTGTGGGAAGAG.
R A P C L L K H E R L H S G E K = Iz Q C E E C G K R
ATTCCCATCAGAGAGTTCACACTGGAGAAAAGCCATACAAATGTGAGAAGTGTGGAAAGGGCTACAATAGTAAGTTT.
S H Q R v H T G E K 2 Y K C E K C G K G Y N S K F
CCACACAGGAGAGAGACCATACAATTGTAAGGAATGTGGGAAGAGTTTTGGCTGGGCCTCGTGTCTTTTGAAACATC.
H T G E R = Y IN) (& K E (& G K S F G W A S (& L L K H <
CCTTTCAAATGTGAAGAGTGTGGGAAAAGATTTACTCAGAATTCACAGCTTCATTCTCATCAAAGAGTGCACACTGG.
2 I K C E E C G K R F T Q N S Q L H S H Q R \'4 H T G
AGTGTGGGAAGGGCTTCAGCTGGTCCTCAACTCGTCTGACCCATCAGAGACGCCACAGCAGAGAAACACCTCTCAAA
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 _
TGTACAGAATTCATTCTCTAAAGTGCAAGAAAAAGTTCACAGTGTAGAAAAGCCATACAAATGTGAGGACTGTGGGA.
v Q N S F S K \'4 Qo E K v H S v E K P Y K c E D C G ¥
CTTGATATGCATCAGAGGGTCCACATGGCGGCGAGAGAAAACATGGAAGTGTAGGGAGTGTGATATGTGCTTTAGTCAGGC!
L D M H Q R \'4 H M G E K T w K C R E C D M (& F S Q A
ATGTTCATGTTGGAGAAAAACCTTAGTGATGTGATGGTGCAATAAAGTCTTCACTCAGTCTTCATG 2466

VHYV GEKP™*



K7
(7]
D
(@)
o
| -

(ol

o
>

i®)
o

=

I

—
)
(7]
>

e
-
2
(@))
o
o
c
(@]
(«B]
=
2
m
o
o
(9]
| -
o
@)

Regulation of gene expression

Promoter Gene [red) with an intron (green)
1. DNA replication <: i’lusmld!) single capy vs. muticopy plasmids
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processing AMature
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mRNA degradation

Protein degradation
prodesn

5. Posttransiational l

processing
aciwe
RS proten



Regolazione dell’espressione genica
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Northern Blotting analysis

NORTHERN BLOTTING

RNA or DNA

32p.|abeled

size maﬂests\'\' -

\\/

Xeay fim Prabe hybridized bag
to fiter { to complementary
sagquence
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Northern Blotting analysis

A. Gel analysis of RNA B. Northern biot
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| possibili RNA messaggeri della proteina zinc finger ZNF224
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Reverse transcriptase reaction

Reverse
~€¢— transcription

¢
l
l
¢

/PolyAtail
AAAA... 3" mRNA
Reverse
transcriptase
AAAA... 3° mRNA
TITT 5" DNA primer (oligo dT)
AAAA... 3" mRNA
TTTT 5 ¢cDNA
TITT 5 cDNA
3 .DNA
B 5 C

© 2004 Sinaver Associates, Inc. and W. H. Freeman & Co.
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Amplification Reaction
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| possibili RNA messaggeri della proteina zinc finger ZNF224

A
123 45 67 8 910 1112 1314 1516
arF24 — R T
o — [ BN
B Adult humantissues Fetal human tissues

7 8 9 10 1112 13 14 15 16
Zerss—v_—

G3PDH —— |

AFAFAFAFAFAFAFAF

Human tissues tested
1) brain 2) heart 3) skeletal muscle 4) thymus 5) spleen 6) kidney 7) liver 8) lung
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Organizzazione strutturale del gene codificante
per la proteina zinc finger ZNF224

Liniversits
":l_;;gni-;gfu

el Sannio

A. l l// ||2// |||3// |v/v.// VI ZNF224 gene

hn
S
N
w

_ ZNF224 cDNA
SUTR 3UTR 2466 bp

ZNF2 24 protein
707 aa

KRAB-A |KRAB-HKRNBZnZnZnZnZnZnZnZnZnZnZnZnZnZnZnZnZnZn Zn
ATG

Vi
ZNF255 cDNA

3087 bp

5UTR UTR

ZNF255 protein
622 aa

KRNBZnZnZnZnZnZnZnZnZnZnZnZnZnZnZnZnZnZn Zn

Corso di Biotecnologie Industriali-Modulo Processi



Human
Mouse
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Ortologhi e paraloghi della proteina zinc finger ZNF224

o0

1SS990.14 OJNPON-1[eLiasnpu| a1Bojoudalolg Ip 0Si0D




iotecnologie Industriali-Modulo Processi

Corso di

Confronto di sequenze proteiche

zatore immagini e fax per Windows

LSDGEWQLVLNVWGKVEAD | PGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASEDLKKHGATVLTALGG!I L
CLSOGEWQLVLNVWGCGKVEAD I PGHGQEVLIRLFKGH TLEKFDKFKHLKSEDEMKASEDLKKHGATVLTALGGI L

KKKGHHEAEIKPLAQSHATKHK | PVKYLEFISECIT IQVLHSKHPGDFGADAQGAMNKALEL FRKDMASNYKE LGFQC
KKKGHHEAEIKPLAQSHATKHX IPVKYLEFISEC I IQVLAOSKHPCDFGADAQGAMNKALELFRKDMASNYKELGFQC

QO | = & F| P 2P| x| X &R @

=



angiogenina

Corso di Biotecnologie Industriali-Modulo Processi

QO I xev|AF
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ribonucleasi umana e bovina

o0 CU 2l XuHNE @
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Limiversit
dghi Stach
del Sannio

Dall’ analisi della sequenza due proteine possono essere definite:

a) paraloghe
-omologhe {

b) ortologhe

La ribonucleasi umana e quella bovina sono ortologhi, mentre
La ribonucleasi umana e |I” angiogenina sono paraloghi.

Corso di Biotecnologie Industriali-Modulo Processi



Omologhi, ortologhi e paraloghi

[ TH 2. - s s
- Yisualizzatore immagini e fax per Windows

MUCCA ESSERE UMANO

Ortologhi

Ribonucieasi bovina Ribonucleasi umana
{enzima digestvo) (enzima digestivo)

[Paraloghi

Angiogenina

stimola la crescita dei vasi sanguigni
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Un confronto tra proteine note: la mioglobina

e la catena alfa dell’ emoglobina

-, 2 = P =
4 Yisualizzatore immagini e fax per Windows

Emoglobina umana (catena «)

VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHG
SAQVKCGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLS
HCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR

Mioglobina umana

GLSDGEWQLVLNVWCGKVEAD | PGHGQEVL IRLFKGHPETLEKFDKFKHLKS
EDEMKASEDLKKHGATVLTALGG I LKKKGHHEAE | KPLAQSHATKHK | PVK|
YLEFISECI IQVLQSKHPGDFGADAQGAMNKALEL FRKDMASNYKE LGFQQ

Q0 | =Ea&aFd| PRl an XL HE @

=18



'Un confronto tra proteine note: la mioglobina e la catena
alfa dell” emoglobina

=18x

[ IS A - = =
% Yisualizzatore immagini e fax per Windows

A)
[ Emoglobina | [ Emoglobina |
{ G o S | S ) —_— 1 | oy | f b ¢ ) S
[ lwoglobma [ Mioglobina |
8)

LS|PADK TNV AAVGK Mr.rv lss K1 VL SPADK TNVKARWGKVGAHAGE Y GAE AL ERMF(LS
GLSEGEWQ LML NWGKVERD | PG u GLSEGEWILVLNVWGKVERD | PGHGQEVL I RLFKGHPETLE
LSHG<-‘Q HCKK\'AQA VDDMPNAL SA FPTTKTYFPHFDL sSHAJAQV K KMADIRLITNAVAHVDDM
IQHKHLKSEDE DL KKHGH “tl LGGH L KKKGHM IKEKHLKSEPIEMKASED { TMLTIALGG | LKKKGHH
LSDLHAHKLRVDOPVNFKLLSHCLLVTLAAHLPAEF TPAVHA PNALSALSDL LRVDPVNFKL| LLVT AML
EAEIKPLAQSHATKHK | PVKYLEFISEC| 1QVLQSKHPGDF EAE | KAUAQS 1K | PVKYLEF| uu-, DSKH
-
22 aa u uall n SVSTVLTSKYR TPAVHASLE ASVSTVLT .
NKALEL FRKDMASNYKELGFQG GADAQGANS UF”""‘ "E GFQG aa ug ua I
- - v " . -
Su 147 reS I d u I 22 sovrapposizioni 23 sovrapposizioni 1 I 7 - d =

25

iotecnologie Industriali-Modulo Processi

Numero di sovrapposizioni

AR ERAEEE ADEAR PEAP IR ER LA

Allineamento

Corso di
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Allineamento tra sequenze con interruzioni

™3 Visualizzatore immagini e fax per Windows

38 aa uguali su 147 residui (25,9%) !!

-Emoglobina ‘v'
Mioglobina G
LSHG
EMK A

PADKT VOK {AGEY L\f KIY PH
EGBEWQ \.‘.\']K\-? D | PGH IrK D KIFKHLKS E

KK TNAVAPV“)DMPNAI S
D LNK AT l GG LKKKGHHEAE | KF

| LLVTILAAHL E
ISIEIC | | QVILE)S KHIP)

PAVHASLE
JADAQGAMN

FILASVST
LJE L FRK

\')l
\l 5

Vi

@ﬁ

Interruzione

RVDPVNKK |
{K IPVKYLEF

NG "
DMAISPNYIKE LG FQG

00| HE2a|[fPlan XsHE| @

=18]x]
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STALAQUEENZASEQUUTEAACANT I
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Allineamento per ...

~
-
T

~
=
T

S

Numero di allineament)
>
T

w

mﬂnu | n I
400

w00 100
Pumoggio di alingamentn

=
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CLiniversits ™2 Visualizzatore immagini e fax per Windows
gl ;

“idisannio

v

ANNIG

aa carichi = rossi
aa polari = verdi
aa idrofobici = blu
aa altri = neri

Matrici di sostituzione

Punteggio

15—

= —

Qs

HRT

Ci
1M
v

W

HR
NS

A

GMY |t

Lvw

CFl

NQ

ER

KS

aw

NS

DH
TA

GPM

VY

Lw

CF

NS

Vi
Al

I¥
W

RG

Py

CRV

HR

DNS

TAM

Gl
W

h

MV

F
LW

EXQ
CiM

DRG
Py

HF

W

EKQ
.

HRN
IL

By

W

ST
AV

im

HN
QcpP
FY

ED
KR

SA

DKY

EHR
QP

avw

DEX
ar

HR
NG

Cik
VY

W

Lw

RN
sC

DEK
Q6P

ACY

KRQ

DE
HN

TAC
wY

RO

EHK
P

DCG

ar
AY

HKR
saw

EN

GpP

m

L)

CF

sY

K&

ERN

DHG

LM

DN

HW

Qrl
v

EKR
NSA

oG
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~Emoglobina
Mioglobina

L SIPADK TNIVIKA K 1AGEY L LSF K TY|F|P HjF}—————
Gl S|EGEWQ LVIL NVWGKVE | PGH L | IRIUAKGHAETIL E KIFP KJFKHLKS
-OL SH Q TNAVAHVDDMPNALS DL L RVDPV
EDEMKASED LIKIK TMLT G| LKKKGHHEAE IK QSHATIKYH K | PVK

NFKLLUSH LLVTH-AH £ IPAVHASLoNrH-SVSIVL R
Y LEFISIEK) 1 VLS K HPKGDIEIGADAQGAMNIKIAILIE L FRKDM KELGFQG

Q0 Ha gLl as Xt HE @

=8|
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] VE .Qtv LFRGH rhnr

Q m!r LVLE!
KASE - LTALGG ! KIPVKYLE
PONNP KLVYEAAL Vl vv! v~ VADAHF P

Fi I QVLQSKMPGOD T CADAQG L l”(K (
w IEKTIKEV- -~ - VGAXWS EEL TlATD

PO XS | [FRA lnerXbuml @

R -
1

- -
o w

Numero di sllimeamenti

5
9 150 200 250
(A) Punteggio di allineamento
(solo identita)
B 2
. ol
15 -
= .
S 10
Pl
2
o
1] 10 20
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smes Diagramma diagonale per |’ analisi di sequenze ripetute

del Sannio

™3 Visualizzatore immagini e fax per Windows =18 x|

..........
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del Sannio

1

101

201

301

401

501

601

701

801

901

1001

1101

1201

1301

1401

1501

1601

1701

1801

1901

2001

2101

2201

2301

2401

ZNF224 cDNA sequence

GAGTCCAAACATTCGGTGGAGTCGCGGACACTTCCGCTCGGGGACTGAGGTTGCTGCAGTTTTTCCGCGATAGTTTG
CCTTCTGAATTTCCTGGACCTACGCATTGGATCCTCAAAGAACTGCTGAATACCACTAGAAACATACCTGTAACCAG
CAGCAAGGAAGCCCACGTACCAGGGGCTGTCTTGGCACAATTCTGCTTTCCCAGGAACTGCATCACTCAGGACTCTG
AAATGACCACGTTCAAGGAGGCAATGACCTTCAAGGACGTGGCTGTGGTCTTCACTGAGGAAGAGCTGGGGCTGCTG
M T T I K
TCGAGATGTGATGCTGGAGAACTTCAGGAACCTGCTCTCAGTGGGACATCAAGCATTCCACAGGGATACTTTCCACT
G H Q A Iz H R D T Iz H
ATGATGAAGACAGCAATCCAAAGGGAAGGGAATTCAGGAGACAAGATCCAAACTGAGATGGAGACTGTTTCAGAAGC
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
TCCAGCAAATCTGGGAAAAAATTGCAAGTGATTTAACCAGGTCTCAAGACTTGGTGATAAATAGCTCTCAGTTCTCC
Q Q I W E K I A S D L T R S Q D L v I N S S (@) I S
GACTGAGGCAGGACTATCTGTAATTCACACAAGACAGAAATCTTCCCAGGGCAATGGATATAAACCATCCTTCAGTG
T E A G L S Y T H T R Q K S S Q G N G Y K =4 S E S
CAACAATTACACTCAGGAGAGAAATCTCATACGTGTGATGAGTGTGGAAAGAACTTTTGTTACATCTCAGCCCTTCG
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
GAGAGAAATGCTATAAGTGTGACGTGTGTGGTAAGGAATTCAGTCAGAGTTCACATCTGCAAACTCATCAGAGAGTC
E K C Y K < D v C G K E F S Qo S S H L Q T H Q R v
ATGTGTGGAATGTGGGAAAGGCTTCAGTCGTAGATCAGCACTTAATGTTCATCACAAATTACACACAGGAGAGAAAC
C v E (e G K G F S R R S A L N \'4 H H K L H T G E K I
AAGGCCTTCATTCACGATTCCCAGCTTCAAGAACATCAGAGAATCCATACGGGGGAGAAGCCATTCAAATGTGATAT.
K A F I H D S Q L Q E H Q R I H T G E K 12 Iz K C D I
GATCAAGACTTAATAGGCATTCCATGGTTCACACGGCAGAGAAACCATTCCGATGTGATACGTGTGATAAGAGCTTT
S R L N R H S M v H T N E K P E R < D T C D K S F
TCATCGCATGATCCACACAGGAGAGAAACCATACAAATGTGAGGCGAGTGTGGAAAAGGCTTTATTTGTAGGCGAGATC
H R M I H T G E K P Y K C E E (& G K G F I C R R D 1
ACGGGAGAAAAGCCATATAATTGTAAAGAGTGTGGGAAGAGCTTCAGATGGGCCTCGTGTCTTTTGAAACATCAGCG.
T G BE K P Y N C K E C G K S F R W A S C L L K H Q R
TCAAATGTGAAGAATGTGGGAAAGGATTTTACACAAATTCACAATGCTATTCCCACCAGAGATCCCATAGTGGAGAA.
K C E E C G K G F b 4 T N S Q C b 4 S H Q R S H S G E
TGGGAAGGGCTACAAAAGGAGGTTGGATCTTGACTTTCACCAGCGCGTCCATACAGGAGAGAAACTGTATAATTGTA.
G K G Y K R R L D L D F H Qo R v H T G E K L Y INJ c 3
CGGGCCCCATGTCTTTTGAAACATGAGAGACTCCACAGTGGAGAAAAACCATTCCAATGTGAAGAGTGTGGGAAGAG.
R A P C L L K H E R L H S G E K = Iz Q C E E C G K R
ATTCCCATCAGAGAGTTCACACTGGAGAAAAGCCATACAAATGTGAGAAGTGTGGAAAGGGCTACAATAGTAAGTTT.
S H Q R v H T G E K 2 Y K C E K C G K G Y N S K F
CCACACAGGAGAGAGACCATACAATTGTAAGGAATGTGGGAAGAGTTTTGGCTGGGCCTCGTGTCTTTTGAAACATC.
H T G E R = Y IN) (& K E (& G K S F G W A S (& L L K H <
CCTTTCAAATGTGAAGAGTGTGGGAAAAGATTTACTCAGAATTCACAGCTTCATTCTCATCAAAGAGTGCACACTGG.
2 I K C E E C G K R F T Q N S Q L H S H Q R \'4 H T G
AGTGTGGGAAGGGCTTCAGCTGGTCCTCAACTCGTCTGACCCATCAGAGACGCCACAGCAGAGAAACACCTCTCAAA
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 _
TGTACAGAATTCATTCTCTAAAGTGCAAGAAAAAGTTCACAGTGTAGAAAAGCCATACAAATGTGAGGACTGTGGGA.
v Q N S F S K \'4 Qo E K v H S v E K P Y K c E D C G ¥
CTTGATATGCATCAGAGGGTCCACATGGCGGCGAGAGAAAACATGGAAGTGTAGGGAGTGTGATATGTGCTTTAGTCAGGC!
L D M H Q R \'4 H M G E K T w K C R E C D M (& F S Q A
ATGTTCATGTTGGAGAAAAACCTTAGTGATGTGATGGTGCAATAAAGTCTTCACTCAGTCTTCATG 2466
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L’ analisi mediante I” utilizzo di softwares dedicati e grazie alle
Banche dati che sono a disposizione e stato possibile definire che
Il repressore trascrizionale identificato come ZNF224

appartiene alla famiglia delle proteine zinc finger.

Diversi fattori trascrizionali sono compresi nella famiglia delle
proteine che legano il DNA attraverso il motivo detto
a dito di zinco :

-TFHIA

-Spl

-NGF-1A

-Kruppel

-Hunchback

-GAL4

-recettori nucleari

Corso di Biotecnologie Industriali-Modulo Processi
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