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The lecture of November 8th 2021 is about to begin…. 

Advanced Cell Biology & Biotechnology



1-find the length of the intron between domain 
EGF-like and domains alpha and beta

2-find coding exons (number and length) and introns
(length) of TBP and of GAPDH to decide where to 
design primer.

3-project overview

Summary of the previous lesson activity



Genebank sequence analysis

primer design

RT-PCR

cloning in the vector pCRII-blunt

sequence analysis

subcloning in 
different
expression
vectors

• real time PCR
• protein quantification

PROJECT OVERVIEW
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Cloning the full length cDNA to express NRG1 type III beta3



Cloning of rat NRG1-typeIIIβ3



STOPATGD E F G

PCR

The sequence DQ176766 is starting from the ATG and is ending after the STOP.
Therefore I 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!).

ATG STOP



AGAGAGGCCA GGCCTTCTGG AGGTGAGCCG 

1 atggagattt attccccaga catgtctgag gtagctggcg ggaggtcctc cagcccctcc

61 actcagctga gtgcagcccc atctcttgat gggcttccgg cagcggagga acatatacca

121 gacacccaca cagaagatga gagaagccct ggactcctgg gcctggcggt gccctgctgt

181 gtgtgcctgg aagctgagcg cctgagaggg tgtctcaact ccgagaagat ctgcattgtt

241 cccattctgg cttgcctagt cagcctctgc ctctgcattg ctggcctgaa gtgggtattt

301 gtggacaaga tatttgaata cgactctcct acccaccttg accctggggg gttaggccag

361 gaccctgtga tttctctgga tccaactgct gccccagcca ttttggtatc atctgaggca

421 tacacttcac ctgtctctaa ggctcagtct gaagctgggg ctcatgttac agtacaaggt

481 gaccatgctg ctgtggcctc tgaaccttca gcagtaccga cccggaagaa ccggctgtct

541 gcttttcctc cctttcactc tactgcaccg cccttccctt ctccagctcg gacccctgag

601 gtgagaacac ccaagtcagg aactcagcca caaacaacag aaactaacct gcaaactgct

661 cctaaacttt ccacatcaac atccacgact gggaccagcc atctcataaa gtgtgcggag

721 aaggagaaaa ctttctgtgt gaatgggggc gagtgcttca cggtgaagga cctgtcaaac

781 ccgtcaagat acttgtgcaa gtgcccaaat gagtttactg gtgatcgttg ccaaaactac

841 gtaatggcca gcttctacag tacgtccact ccctttctgt ctctgcctga gtag GAGCAT

901 GCTCAGTCGA TGCT



http://www.invitrogen.com/
Cloning vector for the RT-PCR amplification product
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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??

Only for teaching purposes - not for reproduction or sale



Only for teaching purposes - not for reproduction or sale
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❋ you have to prepare two primers, sense and antisense, to clone the 
full length NRG1 type III 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

ATG STOP

First AIM



ATG STOP

NRG1-III-β3
GTASTOP

NRG1-III-β3

ATG STOP

insert sense insert antisense



ATG STOP

NRG1-III-β3

GTASTOP

NRG1-III-β3

ATG STOP

NRG1-III-β3

Only for teaching purposes - not for reproduction or sale

antisense

sense



❋ because NRG1typeIIIβ3 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-bluntII-TOPO

❋ restriction sites must be compatible with the multiple cloning site of 
the vector pEGFP (from BglII to BamHI)

❋ restriction sites do not have to cut NRG1

-> Make the list of enzymes in the MCS of the 
vector and investigate which of them do not cut 
NRG1

Second AIM



http://tools.neb.com/NEBcutter2/index.php
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http://tools.neb.com/NEBcutter2/index.php
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- The system automatically shows 1 cutter enzymes

To identify enzymes which do not 
cut, you have to select 0 cutters





|HindIII
|

PstI
|

ATG STOP

NRG1-III-β3
Example: in the list of enzymes 
that do not cut NRG1, I found  
HindIII and PstI



5’-CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

5’-CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

3’-GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5’

Primer sense:     5’-CGTTAACTTG-3’

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

5’-AAGCTTCGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

3’-GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACGGACGTC-5’

Primer sense:     5’-AAGCTTCGTTAACTTG-3’

Primer antisense: 5’-CTGCAGGCATGCCATG-3’

First AIM

Second AIM



5’-CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

5’-CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

3’-GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5’

Primer sense:     5’-CGTTAACTTG-3’

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

5’-AAGCTTCGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

3’-GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACGGACGTC-5’

Primer sense:     5’-AAGCTTCGTTAACTTG-3’

Primer antisense: 5’-CTGCAGGCATGCCATG-3’

First AIM

Second AIM



5’-CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

5’-CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

3’-GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5’

Primer sense:     5’-CGTTAACTTG-3’

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

5’-CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

3’-GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5’

Primer sense:     5’-AAGCTTCGTTAACTTG-3’

Primer antisense: 5’-CTGCAGGCATGCCATG-3’

First AIM

Second AIM



5’-AAGCTTCGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

3’-GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACGGACGTC-5’

5’-AAGCTTCGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGCCTGCAG-3’

3’-TTCGAAGCAATTGAACTGGTACACGTAGATCGAGGTACCGTACGGACGTC-5’

5’-AAGCTTCGTTAACTTG-3’ ->

3’-GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5’

5’-CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

<- 3’-GTACCGTACGGACGTC-5’

5’-CGTTAACTTGACCATGTGCATCTAGCTCCATGGCATGC-3’

3’-GCAATTGAACTGGTACACGTAGATCGAGGTACCGTACG-5’

denaturation + primer annealing

elongation

…….. several amplification cycles



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

Pay attention to the reading frame! 

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

EGFP

HindIII

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

EGFP NRG1linker

5’-

5’-

- 3’          primer sense

- 3’      primer antisense

restriction enzyme
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restriction
enzyme S

restriction
enzyme A



TAC AAG TAC TCA GAT CTC GAG CTC AAG CTT NNN NNN NNN NNN NNN NNN ATG NNN 

NRG1EGFP linker

❋ 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 

EGFP-C1

EGFP-C2

EGFP-C3



❋ 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 
❋ if it does not work try with pEGFP-C2
❋ if it does not work try with pEGFP-C3

Primer: 5’-AAGCTTNNNNNNNNNNATGNNN-3’

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

NRG1EGFP linker

TAC AAG TCC GGC CGG ACT CAG ATC TCG AGC TCA AGC TTN NNN NNN NNN ATG NNN

NRG1EGFP linker

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

NRG1
EGFP linker

EGFP-C1

EGFP-C2

EGFP-C3

HindIII

HindIII

HindIII



sense primer

antisense primer

HindIII

PstI

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.



pEGFP-C3

AAGCTT=HindIII
CTGCAG=PstI

...



...

pEGFP-C3

HindIII

PstI



...

AAGCTT=HindIII CTGCAG=PstI

HindIII

PstI



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

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

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


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

PstI



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 HindIII!!)
4- the primers (written correctly, with restriction sites in bold)
5- the protein translation
6- the full map showing the fusion protein



sense primer

antisense primer

HindIII

PstI

HindIII

PstI

Sense:        5’-AAGCTTGGAGGTGAGCCGATGG-3’
Antisense: 5’-CTGCAGCTACTCAGGCAGAGACAGAAAG-3’

TRANSLATION

PRIMERS

DO NOT use the enzyme HindIII!

Vector: pEGFP-C3


