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The lecture of November 8th 2021 is about to begin....
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EGF-Iike[_
1-find the length of the intron between domain l -
EGF-like and domains alpha and beta EGF. AN

7 \
2-find coding exons (humber and length) and introns N w
(length) of TBP and of GAPDH to decide where to R I
design primer. & .

3-project overview



PROJECT OVERVIEW

Genebank sequence analysis

l

primer design

l

RT-PCR

l

cloning in the vector pCRIl-blunt \ >

sequence analysis /
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e real time PCR
* protein quantification

Eco01091
3856)

pEGFP-N1 Asel
4.7 kh BsiG 111389

Apal | SnaB |
;U;rlpzpz. ‘ " Nhel s
al* na1z) Ecod7 Nl (597
Age | (501)
Affll g0
Dralllj1872) 2001091
3850)
BsiG 1(1323)
. . MCS
S u C O n I ng I n fn 328-1413)
§V4UOH » ori
] V%% Miu | (1638)
different
Stul
(2573)
L]
Byl ll
Ve Cto rS 031 Nrul 209
MC
{903-1015)
VS Byl I 1228)
pIRESpuro2 ‘
Col E1 52 kb IRES
ori
/
poly A
= PCR™-Blunt II-
% TOPO‘ Xhol
3.5 kb \ \‘zg:?gl Xbal
2661)
pUC ori FCMY
MCS
FLAG
Xba (825 V40 pA
KA pCMV-Tag 4 .
$V40 SO/SA 4.3 kb
pCMV-HA )} Mcs
i 38kb SV40
p poly A 1 ori

th! neo/kan Pbla
L P SV40

pUC ori '



Exon 2,3...

2

3

Promoter
Genomic [L. Exonl | Intron1
DNA ' g B
ATG ST|OP
I .
MRNA 1 [2[3]4]5] ™™
1 RT (reverse transcriptase)
ATG ST|OP
|
cDNA — —
1PCR
ATG STOP

PCR product
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Cloning of rat NRG1-typellI33

Type-specific '_____'Stalk
sequences Ig-like Spacer EGF-like letoplasmic tail (CT?) ¢
l—l
.
RDFHRG/ARIA l\ Z_ia? EGE. As T'rc RRRRRRY ~l‘;l‘~’ %
195 1gp “, c1c2¢3 7
Sgs
v O ZE - W 1 RN
= o -~ lé N \ b
Type Il CRD - common ool 3
CRD-NRG = N to all T o
SMDF = I 7 I'Mc-NRGs
o 'S =
£ TM ‘ x
Type | EGFc g Representative o= O~
_Tveell | 1g sp Typett \ |, Al losoze3 5 o  Gembanklorue = =
7 ]SS l I
N N
l-a2¢ 1201 — SRS U02324 (rat)
l-p4a 201 "SRR u02322 (rat) C
-plo Y220V R \SSneees AF194993 (raf
ll-0:2a HEE YN IERERY \Ranansy AF194439 (rat) -g1a [11-p3
-1 I N DY SR AF194436 (ra)

— II-33 Bl WAl DQ176766 1 (rafl




D ATG STOP G

=) &=
PCR
-c.22a —._ Aﬁ/\lﬁsgﬂf”g‘ {‘T’T‘T".’g ‘g AF194439 (raf)
I-p1a e N SR R AF 194436 (ra1)
—p ||]-[}3 DQ176766.1 (rat]
=) &=
ATG STOP

The sequence DQ176766 is starting from the ATG and is ending after the STOP.
Therefore | suggest you to copy 30 bases upstream ATG from AF194438 or
AF194439 to have 30 bp sequence before ATG, to be able to design a good primer
before or near ATG.

You can copy 30 bases before ATG and copy them before the sequence DQ176766,
as shown in the next slide

AGAGAGGCCA GGCCTTCTGG AGGTGAGCCG

(Remember that ATG and STOP position will be shifted 30 bases!).



61
121
181
241
301
361
421
481
541
601
661
7121
781
841

901

AGAGAGGCCA
atggagattt
actcagctga
gacacccaca
gtgtgcctgg
cccattctgg
gtggacaaga
gaccctgtga
tacacttcac
gaccatgctg
gcttttcctce
gtgagaacac
cctaaacttt
aaggagaaaa
ccgtcaagat
gtaatggcca

GCTCAGTCGA

GGCCTTCTGG
attccccaga
gtgcagcccc
cagaagatga
aagctgagcg
cttgcctagt
tatttgaata
tttctctgga
ctgtctctaa
ctgtggcctc
cctttcactc
ccaagtcagg
ccacatcaac
ctttctgtgt
acttgtgcaa
gcttctacag

TGCT

AGGTGAGCCG
catgtctgag
atctcttgat
gagaagccct
cctgagaggg
cagcctctgce
cgactctcct
tccaactgcect
ggctcagtct
tgaaccttca
tactgcaccg
aactcagcca
atccacgact
gaatgggggc
gtgcccaaat
tacgtccact

gtagctggcg
gggcttccgg
ggactcctgg
tgtctcaact
ctctgcattg
acccaccttg
gccccagcca
gaagctgggg
gcagtaccga
cccttececett
caaacaacag
gggaccagcc
gagtgcttca
gagtttactg
ccctttetagt

ggaggtcctc
cagcggagga
gcctggcggt
ccgagaagat
ctggcctgaa
accctggggg
ttttggtatc
ctcatgttac
cccggaagaa
ctccagctcg
aaactaacct
atctcataaa
cggtgaagga
gtgatcgttg
ctctgcctga

cagcccctcec
acatatacca
gccctgetgt
ctgcattgtt
gtgggtattt
gttaggccag
atctgaggca
agtacaaggt
ccggctgtcet
gacccctgag
gcaaactgct
gtgtgcggag
cctgtcaaac
ccaaaactac
gtag GAGCAT
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http://www.invitrogen.com/

Cloning vector for the RT-PCR amplification product



Which expression vector will
you use to have GFP in the
cytoplasmic region, considering
that N terminus is in the
cytoplasm and C terminus is
extracellular??

GFP [ —] =————Ts

VA
D&{Q

=

Only for teaching purposes - not for reproduction or sale

Eco01091

SnaB |

341) Nhe | (592)
Eco47 Il (597)
Agel (601)

PCIV]V IE

(3850) poly A

pEGFP-C

4.7 kb SV40
Kan'/ poly A
Neo' f1

BsrG | (1323

MCS
(1328-1413)

Stul

MCS
(591-671]

PCMV IE

Eco0109 1
(3856}

EGFP
poly A pEGFP-N
4.7 kb BsrG 1(1389)
Kan'/ 3‘1’4% Not | 1202)
Neo' _ poly A Xba I* (1212)
§V400r| J:,l %
SV4D P
e Afl Il 1630)
Dra lll 1874

Stul
(2579)



PT3027-5
Catalog #6085-1

Ase |
(8]
SnaB |
Apal |
(4362) (341)
MCS
p (591-671)
uc CMV IE
Eco0109 | e
(3856)
HSV TK
' WA EGFP
polvA - DEGFP-N.
4.7 kb BsrG | (1389)
Kan'/ 5;""41 Not | (1402)
"0 Svaon n K Xbal” 1412
P p ori
SV40
¢ Al 11640)
Dra lll 1874)
Stul
(2579)
oo B B11 621 B31 51 B5! 561 51 EGEP
G CTA GCG CTA CCG GAC TCA GAT CTC GAG CTC AAG CTT CGA ATT CTG CAG TCG ACG GTA CCG CGG GCC CGG GAT CCA CCG GTC GCC ACC ATG GTG
Nhe | Ecod7 Il Bglll Xhol S}Glﬁindlll EcoRl Pstl Sall Kpnl \ Apal _ BamH| Agel

Accl Asp118l \ Bsp1201 Xmal
Ecl136 1l P sact " Smal

Only for teaching purposes - not for reproduction or sale



PT3052-5
Catalog #6082-1

Clontech

Nhe | (592)
Eco47 Il (597)
Age | (501]

HSV TK
Ecn%éf}l{]}?l poly A pEGFp c EGFP
) BsiG 1 (1323
4.7 kb SVao 1323
Kan'/ poly A MCS
Neo' f1 (1328-1413)
SV40 ori ori
P P
PVA0, Miu | 1638)

Dra lll (1863)

Stu |
{2573
EGEP 13;3] 13;10 13.50 1%0 12';'."0 12';EIII 13:2":! ,EH-E?H_
TACAAG TAC TCA GAT CTC GAG CTC AAG CTT CGA ATT CTG CAG TCG ACG GTA CCG CGG GCC CGG GAT CCA CCG GATCTA GAT AAC TGATCA
Scal Bgll  Xho| s ' I HindIl  EcoR1 Pstl  Sa/l  Kpnl Apal * BamH| Xba I* Bel I*
ac Acc| Aspngl °\ Bsp1201 Xmal

Ech3s Sacll Smal
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Eco47 Il (597)
Age | (501)

Feoaisn ~_[ volvA
pEGFP-C1 BsiG |
(1323)
4.7kb SV40
Kan'/ poly A MCS
Neo' siod T (1330-1417)
or

ori

P
Mlu | (1642)

Dra lll (1872)

Stu |
(2577)

gopp 130 1340 1350 1360 1370 1380 13%0 1400 STfP'
e

TAC AAG TCC GGA CTC AGA TCT CGA GCT CAA GCT TCG AAT TCT GCA GTC GAC GGT ACC GCG GGC CCG GGA TCC ACC GGA TCT AGA TAA CTG ATC A

BspE | Bglll Xhol sgclﬂindlll EcoRl Pstl  Sall Kpnl Apal Bﬁmﬂi Xba 1* Bel I*
ma
Ech3s Il Accl Aspﬂ&lsac IIBsp12‘tll i

Restriction Map and Multiple Cloning Site (MCS) of pEGFP-C1. (Unique restriction sites are in bold). The Xba | and
Bcl | sites (*) are methylated in the DNA provided by CLONTECH. If you wish to digest the vector with these enzymes, you
will need to transform the vector into a dam host and make fresh DNA.



Nhe | (592)
Ecod7 Nl (597)
Age |l (501)

PCMV IE

HS\II 12( EGFP
*Y" pEGFP-C2
4.7 kb

Eco0109 |
(3858)

BsrG | (1323)

MCS
(1343-1421)

Miu | (1646)

Dralll (1876)

Stu
(2581)
gcpp 130 1340 1350 1360 1370 1380 13%0 1400 STOPs
TAC AAG TCC GGC CGG ACT CAG ATC TC6 AGC TCA AGC TTC GAA TTC TGC AGT CGA C66 TAC CGC GGG CCC GGG ATC CAC CGG ATC TAG ATA ACT GAT CA
Eag| Bglll Xhol sac| HindIl EcoRl Pstl  Sall Kpnl Apal \ BamH| Xba I* Bel1*
Ech3s | Accl Asplgl Bsp1201 Xmal

Sacll Smal



Asel
18|

SnaB |

“1 Nhel s
[ Eco47 Il 1547)
Age | 507

Apal |
(4356)

puC Pew e

on

Eco0109 | kb EGFP
L T DEGFP-C3
P BsrG 1 1223)
4.7 kb SV40 =
Kan'/ poly A MCS
Nea' f1 {1328-1413)
SV40 on on
P P
SVA0
e Miu | 1638
Dra Il 1569,
Stu |
12573)
EGEP 13120 140 150 135 o 130 1290 f_‘{ 's
TAC AAG TAC TCA GAT CTC GAG CTC AAG CIT CGA ATT CTG CAG TCG ACG GTA CCG CGG GCE CGG GAT CCA CCG GAT CTA GAT AAC TGA TCA
Seal  Bgll Xwol o HidWl  EcoRl Pstl  Safl  Kpal " Apal \ BamH| Xba |* Bei 1Y
Een3sil Accl AspN8l  Bspli0 ! Xmal
Saell Smia |

Restriction Map and Multiple Cloning Site (MCS) of pEGFP-C3. (Unique restriction sites are in bold). The S¢ll site cannot
be used for fusions since it contains an in-frame stop codon. The Xbal and Bell sites () are methylated in the DNA provided
by CLONTECH. If you wish to digest the vector with these enzymes, you will need to transform the vector into a dam- host

and make fresh DNA,



First AIM

% you have to prepare two primers, sense and antisense, to clone the

full length NRG1 type Ill beta 3. One primer immediately before ATG,
one after STOP.

¥ pairs of primers should meet the following criteria:

1- Tm similar (about 60° C calculated by the Allawi’s method)
2- finish with G or C

3- have a content of G and C > 50% (if possible!)

4- not form secondary structures
5-18-28 base long

T g

pCR*-Blunt II-
TOPO"
3.5kb

|0 ond
Ui fweuen




pCR*-Blunt II-
TOPO*
3.5kb

woond

Udfureuen

insert sense

insert antisense

pCR’-Blunt II-
TOPO*
3.5kb

Uy fweuen

pCR*-Blunt II-
TOPO"
3.5kb

Ui Auseue)



antisense

o ond

|0 ond

N\

pCR’-Blunt II-

TOPO"
3.5 kb

pCR’-Blunt II-
TOPO*
3.5 kb

Ui fweuen

Ui fweuen

Asel

8
Apal | () SnaB |
(4356)

Eco41 lll (597)
Agel 501)

HSV TK
Ecoggsg? | boly A EGFP. | EGFP
p ' BsiG | (1323
4.7 kb SV40
Kan'/ poly A

MCS
(1328-1413)

Neo f1 '
SV40 ori ori N\
P P
SV
e Miu | (1638)

Dra lll (1868)

Stul
(2573)

ATG STOP

EGFP ‘\3.30 1340 177

1360 1370 1380 1390 STOPs
. . . . . . A
TAC AAG TAC TCA GAT CTC GAG CTC AAG CTT CGA ATT CTG CAG TCG ACG GTA CCG CGG GCC CGG GAT CCA CCG GAT CTA GAT AAC TGA TCA
Scal Bglll  Xhol s \ I Hindlll  EcoRl Pstl  Sall  Kpnl Apal \ BamH1 Xba I* Bell*
Ecla1§G 0 Accl AspN8l \ Bsp1201 Xmal
Sacll Smal

Only for teaching purposes - not for reproduction or sale



Second AIM

¥ because NRG1typelllB3 will be cloned in frame downstream EGFP in
one vector pEGFP: insert restriction sites in the 5° of the primers to
facilitate following subcloning from pCR-bluntll-TOPO

¥ restriction sites must be compatible with the multiple cloning site of
the vector pEGFP (from Bglll to BamHIl)

¥ restriction sites do not have to cut NRG1

-> Make the list of enzymes in the MCS of the ~ “®"L/"" e o
vector and investigate which of them do not cut

NRG1

Miu | (1638)
Dralll (1868)

Stul
(2573)

1340 1350 1360 1370 1380 1390 STOPs

A GAT CTC GAG CTC AAG CTT CGAATT CTG CAG TCG ACG GTA CCG CGG GCC CGG GAT CCA CCG GAT CTA GATAAC TGATCA

Bglll  Xhol S\ | Hind Il EcoR1 Pstl  Sall Kpnl Apal \ BamH| Xba I* Bell*
Ecﬂ%ﬁll Accl Aspli8l Bsp1201 Xmal
Sacll Smal



©) NEBcutter V2.0 - Mozilla Firefox

File Edt Wiew History Bookmarks T--i- -

&- o -@ @0 http://tools.neb.com/NEBcutter2/index.php [-[»]) [C] &

# Come iniziare 51 Ultime notizie || coculture - co-coltura... || Segreteria di Preside... || UCSD-Mature Signalin... || Universita degli Studi... [ | Sito UFficiale della Re... - La sessione dilavora ... || AIAT Cogne Gran Par... »

Coogle [neb cutter v| [Glsearch - & Ef - RS - & - ¥ Bookmarks~ @ Check - % Autolink T AutoFil (e Sendto~ &) [E] neb [E] cutter Q@ settings~
("] NEBcutter ¥2.0 5 -

.3

: JN; EW ENGLAND

S NEBcutter V2.0 Program | iy | [Comments |

[MEB homepage]

This tool will take a DMNA sequence and find the large, non-averlapping open reading frames using the E coli genetic code and the sites for all Type I and commercially
available Type lll restriction enzymes that cut the sequence just once. By default, only enzymes available from NEE are used, but other sets may be chosen. Just enter your
sequence and "submit". Further options will appear with the output. The maximum size of the input file is 1 MByte, and the maximum sequence length is 300
KBases.

Wihat's new in V2.0

Local sequence file: | [ Browse.. | Standard seguences:
GenBank nurmber. | | [Browse GenBark | #Plasmid vectars v |
or paste inyour DNA sequence: (plain or FASTA farmat) #viral + phage v

@ MNEB enzymes

O All commercially available specificities [ Setcalors |
® Linear O All specificities

O Circular Enzymes to use O All + defined cligonuclectide sequences
O Only defined oligonuclectide sequences

define oligos
Minirmum ORF length to display: aa

Mame of sequence: | fopfional)

The sequence is:

3|ps 40 uoidnpoldaJ dof Jou - sasodind buiyonal Jof Ajuo

Earlier projects:

Note: Your earlier projects will be delefed 2 days after they were fast accessedd.

You need fo have cookigs enabisd in yvour brawser far this feature fo work.
[ Disable NEBcutter cookies

Done



http://tools.neb.com/NEBcutter2/index.php

NEBcutter V2.0

nce and find the large non-overlapping open reading frames using the E coli genetic code and the sites for all Type II and commer
equence just once. By default, only enzymes available from NEB are used, but other sets may be chosen. Just enter your sequence
maximum size of the input file is 1 MByvte, and the maximum sequence length is 300 KBases.

Beutter
Local sequence file: Sfoglia...  Nessun file selezionato. Standard sequences:
GenBank number: [Browse GenBank] # Flasmid vectors v
or paste in your DNA sequence: (plain or FASTA format) # Viral + phage
atttcaaagt ~
218l ctcactttta ttgataaaat aaaaatcatt ctactgaaca gtcoccatcttc
Lttatacaat \
2221 gaccacatcc tgaaaagggt gttgotaage tgtaacogat atgoacttga :
aatgatggta Submit
2281 agttaatttt gattcagaat grtgttatttg tcacaaataa acataataaa
aggagttcag
2341 atgtttttct tCcattaacca aaaaaaaaaa aaaa W
/]
® NEB enzymes More options
\ () All commercially available specificities
The . ® Linear E to () All specificities SEiEE
sequence is: . . nrymes to use: ; :
) Circular ) All + defined oligonucleotide sequences
() Only defined oligonucleotide sequences
[define oligos]
Minimum ORF length to display: 100 aa.
Name of sequence: (optional)

3|ps 10 uoi3donpoJdad 4of jou - sasodind buiysnay sof Ajup



Alul

T 101 aa

Hhal
Fatl

- The system automatically shows 1 cutter enzymes

-
ol

FHpua91

Sapl Hpal Oral
*amal
*amal
¥ TzpMl
¥Bogl
Pacl
Azel
¥Papkl
¥HincII
BzpMl
Bfunl
#AlwI
B=pll

| CUTS L
#3tul Zphl
x 296 aa -
1 lwebnuedenudvn b bl uetedutve oo bbbl et wete et bt d e b e e dwei bwduu bu gy, 2374
R I I
BhwCI Shel
Epulol £NruT 1 cutters
*¥Hgal Mfel
AluMI Sapl
¥ELoZI Sphl
¥Haell ¥Rzal
B==Sl Cwill
wiom] Mzl
Bh=l ¥Znabl
MmeRIII ¥Bzanl
Pcil “m ]
AF1TII Bt~ 1
#5tul Bzudal
¥Bzpll
#Clal To identify enzymes which do not
stul

Bze¥I

MNew DNA
Custom digest
View sequence
ORF summary
Save project
Print

All commercial
All

2 cutters

3 cutters

cut, you have to select O cutters

Minimum ORF length to display: 100

aa.| oK

0 cutters
1 cutters
All sites

Save all sites
Flanking enzymes

=T

3|ps 4o uoidnpoldal of Jou - sasodind buiyonal Jof Ajuo



w -.':'E'l & ENGRLAND
Biol abs..

[Back to main displav]

Enzymes that don't cut

| Help

|Comments|

unnamed sequence

Number of cuts = ~||0 oK Save as text file

# | Enzyme Specificity

1|AcchH5] |GGTACC

2 | Accl GT™MK AC

3| Acll LATCG TT

4 | Afel AGCTGCT

5 | AfIlIT C'TTAR G

6 | Agel LTCCGG, T

7| Alel CACNNTNNGTG

8 | Apall G'TGCA C

o | Ascl GGTCGLG CC

10| Asel AT'TA AT

11 | AsiSI ECG ATTCGC

12 | Awval CTYCGR G

13 | AvrlIl CTCTAG G

14 | Bael W) 57 (M) 4 pQRCHNNHGTAYC (M) 4, (H) 57

15 | Bbw(l CCTTCA GC

16 | BceAl | RCGEC (W) 35 NI,

17 | BaiVl GTATCC (W) g N~

18 [BmgBI |CRCTGTIC

19 | Bmtl G CTAG™C

70 | BzaBI GATNNTNNATC




) . ATG sTOP
Example: in the list of enzymes -
that do not cut NRG1, | found

Hindlll and Pstl Hindlll Pst|
| | |
1340 1350 1360 1370 1380 1390 STOPs
A GAT CTC GAG CTC AAG CTT CGA ATT CTG CAG TCG ACG GTA CCG CGG GCC CGG GAT CCA CCG GAT CTA GAT AAC TGA TCA
Bgill  Xhol S \ | HidIIl  EcoR1 Pstl  Sall  Kpnl Apal \ BamH| Xbal* BelI*
EoN36 Il Accl AspT81 \ Bsp1201 Xmal

Sacll Smal



5" -CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3"

57— ACCATGTGCATCTAGCTCCATGGCATGC-3"
3" -GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5"

Primer sense: 57 - -3’
Primer antisense: 5’ -GCATGCCATG-3'

First AIM




5" -CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3"

57— ACCATGTGCATCTAGCTCCATGGCATGC-3"
3" -GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5"

Eirst AIM Primer sense: 5" - ~37
Primer antisense: 5’ -GCATGCCATG-3’

Add the HindIII site 5’ -AAGCTT-3’
to the 5’ of the primer |3’ -TTCGAA-5'
sense

Add the PstI site 5’ -CTGCAG-3’
to the 5’ of the primer |3’-GACGTC-5'
antisense
Second AIM Primer sense: 5" -AAGCTT -37

Primer antisense: 5’ -CTGCAGGCATGCCATG-3'




5" -CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3"

57— ACCATGTGCATCTAGCTCCATGGCATGC-3"
3" -GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5"

Eirst AIM Primer sense: 5" - ~37
Primer antisense: 5’ -GCATGCCATG-3’

Added the HindIII site 5’ -AAGCTT-3’
to the 5’ of the primer |3’'-TTCGAA-5'
sense

Added the PstI site 5’ -CTGCAG-3’

to the 5’ of the primer |3’'-GACGTC-5'

antisense

Second AIM Primer sense: 5" -AAGCTT -37

Primer antisense: 5’ -CTGCAGGCATGCCATG-3'

57— ACCATGTGCATCTAGCTCCATGGCATGC-3"
3" -GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5"



5" - ACCATGTGCATCTAGCTCCATGGCATGC-3"
3" -GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5'

‘ denaturation + primer annealing

5" -AAGCTT -3" =>
3" -GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5"

57— ACCATGTGCATCTAGCTCCATGGCATGC-3"
~ <- 3’'-GTACCGTACGGACGTC-5'
l elongation
5/ -AAGCTT ACCATGTGCATCTAGCTCCATGGCATGC-3"

3" -GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACGGACGTC-5"

-------- several amplification cycles

5" -AAGCTT ACCATGTGCATCTAGCTCCATGGCATGCCTGCAG=-3'
3" -TTCGAAGCAATTGAACTGGTACACGTAGATCGAGGTACCGTACGGACGTC-5"




Pay attention to the reading frame!

EGEP 1330 1340 1350 1360 1370 1380 1390 STOPs

TAC AAG TAC TCA GAT CTC GAG CTC AAG CTT CGA ATT CTG CAG TCG ACG GTA CCG CGG GCC CGG GAT CCA CCG GAT CTA GAT AAC TGATCA

Scal Bgill  Xhol S\ I HidIIl  EcoR1 Pstl  Sall Kpnl Apal \ BamH| Xbal* BelI*
EoN36 Il Accl Aspl8l \ Bsp1201 Xmal
Sacll Smal

Example: you decide to include Hindlll site upstream the primer:
Hindlll

restriction enzyme

s |

EGFP
TAC AAG TAC TCA GAT CTC GAG CTC AAG CTT CGA ATT CTG CAG TCG

5) _ restriction
enzyme S

-3 primer sense

5 ’_ restriction
enzyme A

-3’ primer antisense

TAC AAG TAC TCA GAT CTC GAG CTC AAG CTT NNN NNN NNN NAT GNN N

EGFP linker NRG1

3|bs 40 U0I312nNp0o4dal 4of J0u - sasodind buiysnal Jof Ajlup



TAC AAG TAC TCA GAT CTC GAG CTC AAG CTT NNN NNN NNN NNN NNN NNN ATG NNN
EGFP linker NRG1

¥ translate the triplets between GFP and NRG1 into amino acids :
there must be no STOP

¥ the triplets must be in frame: coding from EGFP to NRG1

EGF P-CJE'“, 1330 1340 1350 1360 1370 1380 139 1400 ST:EP'

TAC AAG TCC GGA CTC AGA TCT CGA GCT CAA GCT TCG AAT TCT GCA GTC GAC GGT ACC GCG GGC CCG GEA TCC ACC GGA TCT AGA TAA CTG ATC A

BspE | Bglll Xhol sSc'Hind Wl EcoRlI Pstl Sall Kpnl Apal Balmlll Xba |* BelI*
ma
Ech36 Il Accl Aspnals“ llBsp120l e
EGFP-C2
gcpp 130 1340 1350 1380 1370 1380 13% 1400 STOPs
— & . . . . - . .
TAC AAG TCC GGC CGG ACT CAG ATC TCG AGC TCAAGC TTC GAATTC TGC AGT CGA CGG TAC CGC GGG CCC GGG ATC CACCGG ATC TAG ATA ACT GAT CA
Eag| Bglll Xhol s}c| Hind Wl EcoR1 Pstl  Sall Kpnl Apal \ BamH| Xba 1* Bel1*
Ech3sll Accl Aspnsl Bsp1201 Xmal
Sacll Smal
EGFP-C3 EGEP 4 '.‘ :‘. :.1 | . : . 1 :1 i .a S.Tp'q.
TAC AAG TAC TCA CAT CTC GAG CTC AAG CTT CGAATT CT6 CAG TCG ACG GTA CCG €66 GCC EG:- GAT CCA CCG GAT CTA CAT AACTGA TCA
Scal Bgill  Xhkol Sac | Hid Ml EcoRl Pstl  Sall  Kpml Apal \ BamM| Xba I* Bell®
Een3s il Accl Aspl8l \ Bsp120| Xma |

Sacli Smal



¥ insert your sequence in vector pEGFP-C1

% translate the triplets between the GFP and the NRG1 into amino
acids : there must be no STOP & the triplets must be in frame: coding
from EGFP to NRG1

3% if it does not work try with pEGFP-C2

% if it does not work try with pEGFP-C3

Primer: 5"-AAGCTTNNNNNNNNNNATGNNN-3’

EGFP-C1

TAC AAG TCC GGA CTC AGA TCT CGA GCT CAA GCT TNN NNN NNN NNA TGN NN

EGFP linker Hindlll NRG1

EGFP-C2
TAC AAG TCCGGC CGG ACTCAGATCTCGAGCTCAAGCTTN NNN NNN NNN ATG NNN
EGFP linker Hindlll NRG1

EGFP-C3
TAC AAG TAC TCA GAT CTC GAG CTC AAG CTT NNN NNN NNN NAT GNN N

EGFP linker HindlI| NRG1



1-prepare primers

2-add restriction sites (not cutting the NRG1 cDNA insert!)

3-verify the correct frame to choose the suitable expression vector
4-insert your construct into the expression vector, to obtain the final

map and verify the correct frame.

EGFP Hindlll sense primer
v \ 4

facaagtactcagatctegagetcgagetcaagettggaggtgagecgatgoagatttaticcccagacatgtctgagptagetggegegagetoccteccagecectecactcagetgagtgeag
ccoccatctettgatggecttccggeageggaggaacatataccagacacccacacagaagatgagagaagocctggactoetgggoctggcgetgcoctgctgigtgtecctggaagetgage
gcctgagagegigtctcaactocgagaagatetgeatigticocatictggetigectagtcagoctetgoctctgoatigetggoctgaagtgoptatttgtggacaagatatitgaatacgacte
tectacccacctigaccetgggepottaggeccaggaccetgtgatttctetggatecaactgetgoococcagecattttgptateatectgagocatacacticacctgictectaaggetcagtetgaa
gctgggectecatgttacagtacaaggtgaccatgetgetgtggectectgaaccttcageagtaccgacoecggaagaaccggetgtetgettttoctooctttcactctactgeaccgeocticoctt
ctccagectcggaccoctgaggtgagaacacccaagtcaggaactcagocacaaacaacagaaactaacctgeaaactgetectaaactttccacatcgacateccacgactgggaccagecat
cicatazagtgcgoggagaaggagaaaacttictgtgtgaatgggeecgagtegcticacggtgaaggaccigicaaaccegtcaagatactigigeaagtgoccaaatgagittactggtgat

cgttgccaaaactacgtaatggocageticta cag‘tacgtccactc_ctgcag

A A
antisense primer | Pstl



pEGFP-C3

TAGTTATTAATAGTAAT CAAT TACGEGGETCATTAGTT CATAGC CCATATATGGAGTTCCGCGTTACATAACTTACGETAR
ATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCAT TGACGTCAATAATGACGTATGT TCCCATAGTAACGC CAATA
GEGACTTTCCATTGACGTCAATGGGTGGAGTAT TTACGGTAAACTGCCCACTTGGCAGTACATCAAGT GTATCATATGCC
AAGTACGCCCCCTATTGACGT CAATGACGEGTARATGSCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTC
CTACTTGGCAGTACATC TACGTAT TAGT CATCGCTATTACCATGETGATGCGGTTTT GGCAGTACATCAATGEECETGGEA
TAGCGGETTTGACT CACGGGEATTT CCAAGT CTCCACC CCAT TGACGTCAATGGEAGT TTGTTTTGGCACCAARMTCALCG
GGACTTTCCAAAATGTCGTAACAACTCCGCCCCAT TCGACGCAAATGGECGETAGGCETGTACGGTGGEGAGGTCTATATAR
GCAGAGCTGEGTTTAGTGAACCGTCAGAT CCGCTAGCGCTACCGGTCGCCACCAT GET GAGCAAGGGCUGAGGAGC TETTCA
CCGEEETGETGCCCATCCTGETCGAGCT GEGACGGCGACGTAAACGGCCACAAGT TCAGC GTGTCCGGEGAGGECGAGGET
GATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGT GCCCTGECCCACCCTCETGAC
CACCCTEGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGAC CACATGAAGCAGCACGACTTCTTCAAGTCCGCCAT GC
CCGAAGGCTACGT CCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACC CGUGCCGAGGTGAAGTTCGAG
GEOGACACCCTGETCAACCGCATCGAGC TGAAGGGCATCGACT TCAAGGAGGACGGCAACATCCTGGEGECACAAGTTGGA
GTRCRHCTECRECRGCCRCHHCGTCTRTRTCRTGGCCGHCRRGCRGERGHRCGGCRTCRRGGTGHRCTTCHRGHTCCGCd
ACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGECGACGGCCCCETGCTGCTG
CCCOGACAACCACTACCTGAGCACCCAGT CCGCCCT GAGCARAGACC CCARA CGAGAAGCGCGAT CACATGETCCTGCTGGA
GTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTACTCAGATC TCGAGCTCAAGCTTCGAATTC
TGCAGT CGACGGTACCGCGGGCCCGGGATCCACCGGATCTAGATAACTGATCATAATCAGCCATACCACATTTGTAGAGG
TTTTACTTGCTTTAARAAACCTCCCACACCTCCCCCT GAACCT GAAACATAAARTGAAT GCAATTGTTGTTGTTAACTTG
TTTATTGCAGCTTATAATGGT TACAARATAAAGCARTAGCATCACARATTTCACAAATAAMGCATTTTTTTCACTGCATTC
TAGTTGTGGTTTGTC CARACT CAT CAATGTAT CTTAACGUGTAAAT TGTAAGCGTTAATATTTTGT TAARATTCGCGTTA
AATTTTTGTTRAAATCAGCTCATTTTTTAACCARTAGGCCGARAATCGGCAAAATCCCTTATAAATCARAAGAATAGACCGA
GATAGGGETTGAGTGTTGTTCCAGT TTGGAACAAGAGT CCACTATTAAAGARCGTGGACT CCAACGTCARAAGGGCGARA DD

CCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTARAGCACTA |

AAGCTT=HindIll
CTGCAG=Pstl




pEGFP-C3

TAGTTATTALATAGTAAT CAATTACGGGGT CATTAGT TCATAGCCCATATATGEAGTTCCGCGTTACATARCTTACGET AL
ATGECCCECCTGECTGACCGCCCALRCGRCCCCCGCCCAT T GACGTCALTA LT GRACGTATGTT CCCATAGTALCGOCALT L
GEEACTTTCCATT A TCARTGEGTGEASTATT TACGETALACTGCCCACT T GECAGTACAT CARGTETAT CATATECC
AAGTACGCCCCCTATTGACGTCARATGACGETAAR TGECCCGCCTGECATTATGCCCAGTACATGACCTTATGEGEACTTTC
AT T AG A AT e A TAT TAGTC AT TAT T ACCATGET AT GGG TT TTGECAGTACAT CRAATGEEE G TEEL
TAGCGETTTEACT CACGEEGATTT CCARGTCTCCACCCCAT TG CGTCARATGEEAGTTTGTT TTGECACCARRAT CANCG
GEACTTTCCARARATGTCGTARCARCTCCGCCCCATTGACGCARRA T GEEoGETAGGCGTGTACGET GGEAGETCTATATA L
GCAGAGCTGETTTAGTGRAACCGTCAGATCCGCTAGC GCTACCGEGTCGCCACCATGETGAGCARGEECGAGEAGCTGTTCA
CoeEEETEETECCCATCCTGETOGAGCTGEACGECGACGTALACGECCACAAGTTCAGCGTGT COGGUERAGEECEAGEEC
EATGCCACCTACGGCAL GO TEACCCTGRAGTTCATCTGOACCACCGGCARGCTGOCCETGCCCTGECCCACCCTCGTEAC
CACCCTERCCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGRALGCRAGCRACEGRCTTCTTCARGTCCGECATGC
CoGARAGECTACGTCCAGGAGCGCACCATCTTCTTCARGERACGACGECARCTACRAGRCCCGCGCCEAGET GARAGT TCEAG
GECEACACCCTGETGAACCGCATCGAGCT GRAAGGGCATCGACTT CARGEAGEACGECARCAT CCT GG EECACA RGO TEGEL
GracChAACTACR ARG CRACARCGTCTATAT CATGGCCGACALAGCAGRAGRALCGEEATCARGETEGARCTTCARGAT CCECC
ACARCATCGAGGACGECAGCGTGCAGCTCGCCERCCACTACCAGCAGAACACCCOCATCGGCGRACEGCCCCETGETGET G
CoCGACARCCACTACCTGAGCACCCAGTCCGCCCTGAGCARAGACCCCAR CGAGRAGUGCGATCACATGGTCCTEC TEGEA
GTTCETERCCECCECCeEEAT CACTCTCGECATGEACGAGCTGTACAASTACTCAGAT CTCGAGE TCARAGCTT

Hindlll

Pstl

CTGCAGTCGACGETACC GGG ECCCEEEAT CCACCEEAT CTAGRTAR CTGATCATAR TCAGCCATACCACATTTSTASRAGS
TTTTACTTGCTTTARAA AL CCTCOCCACACCTCCOCCCTEGARCCTGAA A CATAL A RTGRATGCARTTGTTETTGTTARCTTG
TTTATTECAGC T TAT AL TG TTACEL A TA R R GO TAGCATCACAA A TTTCACRAATAAR GCATTTTTTTCACTECATTC
TAGTTGTEETT IGT O AR T AT AR TG TAT T TAR GG TAR LT TETALAGC T TAATATTTTGTTARRLTTCGECETTA
AARTTTTTGTTARAT CAGCTCATTTTT TRAACCAATAGGCCEALATCGECAR AT COCTTATAAR TCAR AR GAN TAGRCOGA
GATAGGETTAGTGTTGTTCCAGTTTGEARCAAGAGTCCACTATTARAGRACETGERCTCCARCGTCARRGEGUEALND

CCGTCTATCAGGGCGATGGCCCACTACGTGAACCAT CACCCTAATCAAGTTTTTTGEGET CGAGGTGCCGTAARGCACTA
|



Pstl

TAET AT A AT AT A T A AT T e T AT T AT T AT A CC AT AT AT GE AT TGOS TTACATARCTTACGE TR
ATEECCCECCT T A OGO O AR RO G CCAT T eACGT AR TAR TG ACGTATGT TOCCATAGTARCGCCAATR
R T T TR T T A G A T eI GT AT T TR T AR A TGO CCACT T GECAGTRECATCARGTGTATCATET GCOC
AT RGO T AT TGACCET A R TR CGET AR A TGO OGO CT GO AT TAT GO CAGTACATGACCTTATGEEACTTTC
TR T T R T A R T T AT A T T AT R TG TAT T A C AT T AT GOEETT T TGO ACTRCATCERTGEEOET L
RGO T T AT A CGEEEAT T T ARG T T O A O AT T A CGT CAR TG EAGT T TGT TT TG CACCAR AR TCR ROG
R CTTTCC AR R A TETCET AR A TGO AT TR CGCAR A TGEECGET AT GTRACGET A GETCTATATAL
FORCAGCTEET TTAGT GARCCGT CAGA TG T A TR CGET OGO CAC CA TEETGAGCR R GEEOCAGEAGCTGT TCL
COEEEETEETECCCATCCTGET CGRECT RO R OERC GT AR A OGO CAC ARG TTC RGO T G T OO GEOG AGEEOGRE EET
AT EOCACCTACGECARGCTGAC CCTERARAGT TCATC TG CACCACCGECARGCT GOCCETEECCT GECCCACCCTCET GRC
T GR T ACGEC T AT G T T RGO TR OO GACCACA T GARGC AR GRCTTCTTCARGTCCOGCCATEC
COERLGEC T AT A GGG A CATCT T T T ARG A GACGECA R CTAC R R OGO CGAGE TEARGTTO GRS
FECER AT EET AR CGCAT CeA TR N GO A T CeACT TR GEAGEA CEECARCATOCTEEEECACARGIT GEA
AR T AR A A T T AT AT AT GO O AC AR A AR R O GO A TCARGET GARCTT CARGRATCOGCC
BCRACE TOGRAGEACGECAGCET G AT OGO GRCCAC TAC CAGCAGR R RO OO CATOGEOEACGEOC COGTECTECTE
CCCGE AR CACTACCTRAGCAC CCAGTCCRCCC TR CA L A A C OO CA R CGA GA NGO GCGATCACATSGTCCTGCT GEL
GITCET RO CEOCGEEAT CA T T OGO A T GEACGAGCTETACARGTACT CAGRTCTOGRGCT
aagctitggaggtgagoccgatggagatttattoccoccagacatgtectgaggtage tggogggaggtocctoccagococctocact
Cagctgagtgcagoocccatctot tgatgggocttocoggocagoggaggaacatat accagacacccacacagaagatgagaga
Agooctggactoctgggoctggoggtgocctgoctgtgtgtgectggaagetgagogeoctgagagggtgt ctocaactoogag
Aagatctgocattgttcococcattoctggottgectagtecagectetgectetgeat tgetggoctgaagtgggtatttgtggac
Aagatattigaatacgactctocctacccaccttgaccocectggggggttaggocaggacoctgtgatttctctggatocaact
Goctgoococcagocattttggtatcatctgaggocatacacttcacctgtctectaaggetcagtoctgaagectgogggoctecatgtt
Acagtacaaggtgaccatgoctgotgtgoocctoctgaaccttcagecagtacogaccoggaagaacoggoctgtctgottt tect
Ccctttcactctactgeaccgooccttococcttotocagetoggaccoctgaggt gagaacacccaagtcaggaactocageca
Caaacaacagaaactaacctgcaaactgoctoctaaact ttecacatocgacatccacgactgggaccagocatoctocataaag
Tgocgoggagaaggagaaaactttoctgtgtgaatgggggocgagtgettcacggt gaaggacctgtcaaaccogtcaagatac
Ttgtgcaagtgcccaaatgagtttactggtgatcgtbgccaaaactacgtaatggccagcttctacagtaugtccactccl
ctgca

TR CEET A OGO OO A T O RO TCTAGAT A R CTEATC A TAR T RGO CATRCCA CATTTETA GRS
[TTTACTIGCT T TAR R AN CTC CCRC A CCTCCCCC TR AR CC TR N CATAR R TR LR TGCARTTRTIGTIGTTARCTTS
TTT AT TG AGCTTAT AR TGGT TACAR AT AN N A A TAGCATCAC AN N TTTCAC AN R TARRGCATTTTTT TCACTGCATTC
TR T ET =TT TeT R T L TR R T T A T T TR R GG T AR R T TG T AR GO T TR TATTTTGTTARRATTCOGOETTA
ARTTTTI G IR T AT AT T TT T TR R R TR CGAR A TR R A T CTTATRAR R TCAR R R GRR TAGRC O
R AT T AT T T T AT T TR R R A T A TAT TR A GA R CC TEEACTCCRROGTCAR AGGGOGAR RN

Hindlll

T AT AR O RA T RO A CT AT R A C AT CA CCCT AR T CARGTTTT TTGGEET CGAGET ZCCGTRARLGCACTR ||,

AAGCTT=HindIll CTGCAG=Pstl




For restriction analysis and identification of ORF and
maps, you can use NEB cutter:

http://tools.neb.com/NEBcutter2/index.php
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ORF Sequence

unnamed Seguence

5632 bp

y

[Edit] - [Delete] - [Add new ORF] - [Locate multiple cutters that excise this ORF] - [Silent Mutagenesis]

Protein sequence:

> 548 aa

MVSEGEELFT
TEELEVEWET
FEDDGHYETER
VA THMEDEQEN
YLETQSALSKE
EMEIYSEDMS
EGLLGLAVEC
FVDEIFEYDS
SEAGLHEVIVQ
EVETPESGTQ
GECFIVEDLS

GVVEILVELD
LVTTLTYGV(Q
AEVKFEGDTL
GIKVNFKIRH
DENEKRDHMV
EVLGERSSSE
CVCLEAERLR
PTHLDPGGLG
GDHAAVASEP
PQTTETHNLQT
NESRYLCKCPE

GDVHGHEFSV
CFSRYPDHME
VHRIELEGID
HIEDGSVQLA
LLEFVTARGT
STQLSRALFPSL
GCLNSEETCT
QDEVISLDET
SAVETEENEL
APKLSTSTST
HEFTGDRCQH

Blast this seguence at MCBI

SGEGEGDATY
QHDFFESLME
FEEDGNILGH
DHYQONTEIG
TLGMDELYKY
DGLEAAFEEHT
VPILACLVSL
ARPAILVSSE
SAFFEFHSTA
TGTSHLIKCA
YVMASFYSTS

GELTLEFICT
EGYVQERTIF
KLEYNYNSHHN
DGEVLLEPDNH
SDLELFLGGE
FDTHTEDERES
CLCTAGLEWV
AYTSPEVSERQ
FEFESFARTF
EEKEKTFCVHG
TEFFLSLEE

EGFP

NRG1



Exercize: prepare a single slide like the following one, containing
all necessary information:

1-the entire sequence from EGFP to the antisense primer,
highlighting the primers, the restriction sites, the ATG, the STOP
codon)

2- the vector used (1, 2 or 3)

3- restriction sites used (do not use HindlIl!!)

4- the primers (written correctly, with restriction sites in bold)
5- the protein translation

6- the full map showing the fusion protein




Hindlll sense primer DO NOT use the enzyme Hindlll!

v v
actca gatctcgagctcgagl:tcaagcttggaggtgagccga_tﬁgagatttattccccagac atgtctgapggtagctgecgggaggtcctccagoococctocactcagetgagtgeag
coccatctecttgatggecttccggeageggaggaacatataccagacacccacacagaagatgagagaagecctggactectgegectgecgetecoctgetgtgtgtgcctggaagetgage

EGFP

gectgagagggtgtctcaactccgagaagatetgeatigttoccattetggettgectagtcagectetgectetgeattgetggectgaagtggptatttgtggacaagatatttgaatacgacte
tectacccaccttgaccctggeeppttaggccaggaccctgtgattictetggateccaactgetgecoccagecattttggtatecatectgaggeatacacticacctgtctectaaggetecagtectgaa
gctggeoctcatgttacagtacaaggtgaccatgetgetgtggectectgaaccticagoagtaccgacoccggaagaaccggetgtetgettttectcoctttcactctactgeaccgeocticectt
ctccagetcggaccoctgaggtgagaacacocaagtcaggaactcagocacaaacaacagaaactaacctgoaaactgetoctaaactttccacatogacateccacgactgggaccagecat

ctcataaagtgcgcggagaaggagaaaacttictgtgtgaatgegggcgagtgeticacggtgaaggacctgtcaaacccgtcaagatacttgtgeaagtgeccaaatgagtitactggtgat

cgttgccaaaactacgtaatggccageticta cag‘tacgtccact-:_ctgcag

A A
antisense primer | Pstl
OFF== e HoeI PRIMERS
a: 8da8 aa CzpCl , ,
bz igg ad #hhel Sense: 5'-AAGCTTGGAGGTGAGCCGATGG-3
c: =L EmtI .
d: 133 aa #fpal I ¥Afel Antisense: 5’'-CTGCAGCTACTCAGGCAGAGACAGAAAG-3’
e 107 aa
Vector: pEGFP-C3
Bzal ) TRANSLATION
Hindlll
»> 548 aa
#B=tBI HindIIl Sacl Ed MVSKGEELFT GVVPILVELD GDVNGHKFSV SGEGEGDATY GELTLEFICT
*Rar1l TGKLPVPWET LVITLTYGVQ CFSRYPDHMK QHDFFKSAMP EGYVQERTIF
Blpl FEDDGNYETR AFEVEFEGDTL VNRIELKGID FEEDGNILGH KLEYNYNSHN
voml VYIMADEQEN GIKVNFKIRH NIEDGSVQLA DHYQQONTPIG DGEVLLPDNH
BetELL YLSTQSALSK DPNEKRDHMV LLEFVTAAGI TLGMDELYKY SDLELKLGGE
— ';“FI = PMEIYSPDMS EVAGGRSSSP STQLSAAPSL DGLPAAEEHI PDTHTEDERS
L el ] PGLLGLAVEC CVCLEAERLE GCLNSEKICTI VPILACLVSL CLCIAGLEWY
T FVDKIFEYDS PTHLDPGGLG QDPVISLDPT AAPATLVSSE AYTSPVSKAQ
ol Pst] SEAGAHVIVQ GDHAAVASEP SAVPTRKNRL SAFPPFHSTA PPFPSPARTP
. o s1ut+sal; PStl EVRTPKSGTQ PQTTETNLQT APKLSTSTST TGTSHLIKCA EKEKTFCVNG
St?flﬂ *Dralll | *Acc GECFTVEDLS NPSRYLCKCP NEFTGDRCQN YVMASFYSTS TPFLSLEE
¥Accaa]

*##C1al

— —

kil




