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5BBG0206 Molecular Biology Research Skills 2021-2022 

Experimental design proforma. 

Construction and use of expression vector pFXN-AcGFP1-N1 encoding Frataxin with C-
terminal GFP fusion 
 

Part 1.  Design gene specific part of the forward and reverse primers to amplify the coding 
region of human frataxin, isoform 1 preproprotein for use to create C-terminal fusion with 
GFP (10 marks) 

Figure 1. Part of the DNA sequence of human frataxin, isoform 1 preproprotein cDNA 
insert in pOTB7 (IMAGE:4842134) translated using EMBL EBI EMBOSS Sixpack programme 
to show the three forward open reading frames from nucleotide 1 to 720.  The frataxin 
preproprotein amino acid sequence is highlighted yellow, the DNA sequence of the gene 
specific part of the forward primer is highlighted in red, the DNA sequence of the gene 
specific part of the reverse primer is highlighted in pink. 
 
        1 gcggagcgggcggcagacccggagcagcatgtggactctcgggcgccgcgcagtagccgg 60 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
        1 cgcctcgcccgccgtctgggcctcgtcgtacacctgagagcccgcggcgcgtcatcggcc 60 
          A  E  R  A  A  D  P  E  Q  H  V  D  S  R  A  P  R  S  S  R     F1 
           R  S  G  R  Q  T  R  S  S  M  W  T  L  G  R  R  A  V  A  G    F2 
            G  A  G  G  R  P  G  A  A  C  G  L  S  G  A  A  Q  *  P  A   F3 
 
 
       61 cctcctggcgtcacccagcccggcccaggcccagaccctcacccgggtcccgcggccggc 120 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
       61 ggaggaccgcagtgggtcgggccgggtccgggtctgggagtgggcccagggcgccggccg 120 
          P  P  G  V  T  Q  P  G  P  G  P  D  P  H  P  G  P  A  A  G     F1 
           L  L  A  S  P  S  P  A  Q  A  Q  T  L  T  R  V  P  R  P  A    F2 
            S  W  R  H  P  A  R  P  R  P  R  P  S  P  G  S  R  G  R  Q   F3 
 
 
      121 agagttggccccactctgcggccgccgtggcctgcgcaccgacatcgatgcgacctgcac 180 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
      121 tctcaaccggggtgagacgccggcggcaccggacgcgtggctgtagctacgctggacgtg 180 
          R  V  G  P  T  L  R  P  P  W  P  A  H  R  H  R  C  D  L  H     F1 
           E  L  A  P  L  C  G  R  R  G  L  R  T  D  I  D  A  T  C  T    F2 
            S  W  P  H  S  A  A  A  V  A  C  A  P  T  S  M  R  P  A  R   F3 
 
 
      181 gccccgccgcgcaagttcgaaccaacgtggcctcaaccagatttggaatgtcaaaaagca 240 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
      181 cggggcggcgcgttcaagcttggttgcaccggagttggtctaaaccttacagtttttcgt 240 
          A  P  P  R  K  F  E  P  T  W  P  Q  P  D  L  E  C  Q  K  A     F1 
           P  R  R  A  S  S  N  Q  R  G  L  N  Q  I  W  N  V  K  K  Q    F2 
            P  A  A  Q  V  R  T  N  V  A  S  T  R  F  G  M  S  K  S  R   F3 
 
 
      241 gagtgtctatttgatgaatttgaggaaatctggaactttgggccacccaggctctctaga 300 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
      241 ctcacagataaactacttaaactcctttagaccttgaaacccggtgggtccgagagatct 300 
          E  C  L  F  D  E  F  E  E  I  W  N  F  G  P  P  R  L  S  R     F1 
           S  V  Y  L  M  N  L  R  K  S  G  T  L  G  H  P  G  S  L  D    F2 
            V  S  I  *  *  I  *  G  N  L  E  L  W  A  T  Q  A  L  *  M   F3 
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      301 tgagaccacctatgaaagactagcagaggaaacgctggactctttagcagagttttttga 360 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
      301 actctggtggatactttctgatcgtctcctttgcgacctgagaaatcgtctcaaaaaact 360 
          *  D  H  L  *  K  T  S  R  G  N  A  G  L  F  S  R  V  F  *     F1 
           E  T  T  Y  E  R  L  A  E  E  T  L  D  S  L  A  E  F  F  E    F2 
            R  P  P  M  K  D  *  Q  R  K  R  W  T  L  *  Q  S  F  L  K   F3 
 
 
      361 agaccttgcagacaagccatacacgtttgaggactatgatgtctcctttgggagtggtgt 420 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
      361 tctggaacgtctgttcggtatgtgcaaactcctgatactacagaggaaaccctcaccaca 420 
          R  P  C  R  Q  A  I  H  V  *  G  L  *  C  L  L  W  E  W  C     F1 
           D  L  A  D  K  P  Y  T  F  E  D  Y  D  V  S  F  G  S  G  V    F2 
            T  L  Q  T  S  H  T  R  L  R  T  M  M  S  P  L  G  V  V  S   F3 
 
 
                421 cttaactgtcaaactgggtggagatctaggaacctatgtgatcaacaagcagacgccaaa 480 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
      421 gaattgacagtttgacccacctctagatccttggatacactagttgttcgtctgcggttt 480 
          L  N  C  Q  T  G  W  R  S  R  N  L  C  D  Q  Q  A  D  A  K     F1 
           L  T  V  K  L  G  G  D  L  G  T  Y  V  I  N  K  Q  T  P  N    F2 
            *  L  S  N  W  V  E  I  *  E  P  M  *  S  T  S  R  R  Q  T   F3 
 
 
      481 caagcaaatctggctatcttctccatccagtggacctaagcgttatgactggactgggaa 540 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
      481 gttcgtttagaccgatagaagaggtaggtcacctggattcgcaatactgacctgaccctt 540 
          Q  A  N  L  A  I  F  S  I  Q  W  T  *  A  L  *  L  D  W  E     F1 
           K  Q  I  W  L  S  S  P  S  S  G  P  K  R  Y  D  W  T  G  K    F2 
            S  K  S  G  Y  L  L  H  P  V  D  L  S  V  M  T  G  L  G  K   F3 
 
 
      541 aaactgggtgtactcccacgacggcgtgtccctccatgagctgctggccgcagagctcac 600 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
      541 tttgacccacatgagggtgctgccgcacagggaggtactcgacgaccggcgtctcgagtg 600 
          K  L  G  V  L  P  R  R  R  V  P  P  *  A  A  G  R  R  A  H     F1 
           N  W  V  Y  S  H  D  G  V  S  L  H  E  L  L  A  A  E  L  T    F2 
            T  G  C  T  P  T  T  A  C  P  S  M  S  C  W  P  Q  S  S  L   F3 
 
 
      601 taaagccttaaaaaccaaactggacttgtcttccttggcctattccggaaaagatgcttg 660 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
      601 atttcggaatttttggtttgacctgaacagaaggaaccggataaggccttttctacgaac 660 
          *  S  L  K  N  Q  T  G  L  V  F  L  G  L  F  R  K  R  C  L     F1 
           K  A  L  K  T  K  L  D  L  S  S  L  A  Y  S  G  K  D  A  *    F2 
            K  P  *  K  P  N  W  T  C  L  P  W  P  I  P  E  K  M  L  D   F3 
 
 
      661 atgcccagccccgttttaaggacattaaaagctatcaggccaagaccccagcttcattat 720 
          ----:----|----:----|----:----|----:----|----:----|----:----| 
      661 tacgggtcggggcaaaattcctgtaattttcgatagtccggttctggggtcgaagtaata 720 
          M  P  S  P  V  L  R  T  L  K  A  I  R  P  R  P  Q  L  H  Y     F1 
           C  P  A  P  F  *  G  H  *  K  L  S  G  Q  D  P  S  F  I  M    F2 
            A  Q  P  R  F  K  D  I  K  S  Y  Q  A  K  T  P  A  S  L  C   F3 
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Table 1.  Frataxin gene specific DNA sequences of forward and reverse primers and Tm 
values 

 DNA sequence  Tm 

Forward Primer atgtggactctcgggcgccgcgcag 67.5oC 

Reverse Primer  agcatcttttccggaataggccaaggaagac 63oC 

 

Table 2.  Predicted size of PCR product using gene specific forward and reverse primers 
from Table 1 

Predicted size of DNA fragment  630 bp 

 

Table 3.  PCR cycling parameters  

 
Segment Number of 

cycles 
Temperature Duration 

1 1 95°C 2 minutes 

2 30  95°C 20  seconds 

  58°C 20 seconds 

  72°C 15 seconds 

3 1 72°C 3  minutes 
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Part 2.  Sub-cloning the human frataxin preproprotein gene in-frame with N-terminus of 
the green fluorescent protein in pAcGFP1-N1 to create a plasmid called pFXN-AcGFP1-N1  
(30 marks) 

Table 4.  Choosing restriction enzymes to directionally sub-clone human frataxin 
preproprotein gene into pAcGFP1-N1  

Promega 
Restriction 
Enzyme 

Recognition 
sequence 

Recognition 
sequence in 
pAcGFP1-N1 
MCS (yes/no) 

Recognition 
sequence in frataxin 
preproprotein 
coding sequence 
(yes/no) 

Promega buffers 
(100% activity) 

AgeI A↓CCGGT Yes No K, Multicore 
ApaI GGGCC↓C Yes No A 
BamHI G↓GATCC Yes No E 
BglII A↓GATCT Yes Yes D 
EcoRI G↓AATTC Yes No H 
HindIII A↓AGCTT Yes No B, E 
KpnI GGTAC↓C Yes No J 
NheI G↓CTAGC Yes No B, Multicore 
PstI CTGCA↓G Yes No H 
SacI GAGCT↓C Yes Yes E, Multicore, J 
SacII CCGC↓GG Yes Yes A, H, C 
SmaI CCC↓GGG Yes Yes Multicore, J 
XhoI C↓TCGAG Yes No H, D 

 

Table 5.  Possible pairs of restriction enzymes that can added to the forward and reverse 
PCR primers to sub-clone clone human frataxin preproprotein gene into pAcGFP1-N1 

 Restriction enzyme 
forward primer 

Restriction enzyme 
reverse primer  

Optimum buffer 
for 100% 
activity 

1 XhoI PstI H 
2 NheI AgeI Multicore 
3 HindIII BamHI E 
4 NheI HindIII B 
5 XhoI EcoRI H 
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Table 6.  Full DNA sequences of final forward and reverse primers (frataxin specific 
sequence highlighted yellow, XhoI recognition sequence highlighted red, PstI recognition 
sequence highlighted pink, other additional nucleotides highlighted blue). 

 DNA sequence  

Forward Primer  
gggctcgagatgtggactctcgggcgccgcgcag 

Reverse Primer  gggctgcagagcatcttttccggaataggccaaggaagac 
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Figure 2.  DNA sequence of pFXN-AcGFP1-N1 (frataxin specific sequence highlighted 
yellow, AcGFP1-N1 sequence highlighted green, XhoI recognition sequence highlighted 
red, PstI recognition sequence highlighted pink). 

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACAT
AACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGAC
GTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAA
ACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATC
TACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGC
GGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCA
AAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGT
GTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCGCTAGCGCTACCGG
ACTCAGATCTCGAGatgtggactctcgggcgccgcgcagtagccggcctcctggcgtcacccagcccggcccaggcccagac
cctcacccgggtcccgcggccggcagagttggccccactctgcggccgccgtggcctgcgcaccgacatcgatgcgacctgcacgc
cccgccgcgcaagttcgaaccaacgtggcctcaaccagatttggaatgtcaaaaagcagagtgtctatttgatgaatttgaggaaat
ctggaactttgggccacccaggctctctagatgagaccacctatgaaagactagcagaggaaacgctggactctttagcagagtttt
ttgaagaccttgcagacaagccatacacgtttgaggactatgatgtctcctttgggagtggtgtcttaactgtcaaactgggtggaga
tctaggaacctatgtgatcaacaagcagacgccaaacaagcaaatctggctatcttctccatccagtggacctaagcgttatgactg
gactgggaaaaactgggtgtactcccacgacggcgtgtccctccatgagctgctggccgcagagctcactaaagccttaaaaacca
aactggacttgtcttccttggcctattccggaaaagatgctCTGCAGTCGACGGTACCGCGGGCCCGGGATCCACC
GGTCATGGTGAGCAAGGGCGCCGAGCTGTTCACCGGCATCGTGCCCATCCTGATCGAGCTGAATGG
CGATGTGAATGGCCACAAGTTCAGCGTGAGCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGC
TGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCTGTGCCCTGGCCCACCCTGGTGACCACCCT
GAGCTACGGCGTGCAGTGCTTCTCACGCTACCCCGATCACATGAAGCAGCACGACTTCTTCAAGAGC
GCCATGCCTGAGGGCTACATCCAGGAGCGCACCATCTTCTTCGAGGATGACGGCAACTACAAGTCG
CGCGCCGAGGTGAAGTTCGAGGGCGATACCCTGGTGAATCGCATCGAGCTGACCGGCACCGATTTC
AAGGAGGATGGCAACATCCTGGGCAATAAGATGGAGTACAACTACAACGCCCACAATGTGTACATC
ATGACCGACAAGGCCAAGAATGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGATGGC
AGCGTGCAGCTGGCCGACCACTACCAGCAGAATACCCCCATCGGCGATGGCCCTGTGCTGCTGCCC
GATAACCACTACCTGTCCACCCAGAGCGCCCTGTCCAAGGACCCCAACGAGAAGCGCGATCACATG
ATCTACTTCGGCTTCGTGACCGCCGCCGCCATCACCCACGGCATGGATGAGCTGTACAAGTGAGCGG
CCGCGACTCTAGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCC
ACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTT
ATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCT
AGTTGTGGTTTGTCCAAACTCATCAATGTATCTTAAGGCGTAAATTGTAAGCGTTAATATTTTGTTAA
AATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTT
ATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATT
AAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGA
ACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGG
AGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAG



7 

CGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCC
GCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACC
CCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATG
CTTCAATAATATTGAAAAAGGAAGAGTCCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGT
TAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGT
CAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCA
ATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCC
CATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGA
GCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAGATCGATCAAGAGA
CAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGG
TGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCC
GGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACT
GCAAGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGA
CGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTC
ATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTT
GATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATG
GAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACT
GTTCGCCAGGCTCAAGGCGAGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTG
CTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTG
GCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGG
GCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCT
TCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGC
CATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGA
CGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCTAGGGGGAG
GCTAACTGAAACACGGAAGGAGACAATACCGGAAGGAACCCGCGCTATGACGGCAATAAAAAGAC
AGAATAAAACGCACGGTGTTGGGTCGTTTGTTCATAAACGCGGGGTTCGGTCCCAGGGCTGGCACT
CTGTCGATACCCCACCGAGACCCCATTGGGGCCAATACGCCCGCGTTTCTTCCTTTTCCCCACCCCAC
CCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGC
CTCAGGTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAA
GATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACC
CCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACA
AAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGG
TAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCA
CTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCA
GTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGT
CGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGA
TACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCC
GGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTAT
CTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGG
GCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTT
GCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCATGCAT 
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Figure 3.  Plasmid map of pFXN-AcGFP1-N1 taken from SnapGene.  
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Figure 4.   Nucleotide and amino acid sequence showing the start of the FXN-GFP open 
reading frame and the junction between frataxin preproprotein and pFXN-AcGFP1-N1 
taken from SnapGene.  

 
 
 
 
 
 
 
 
 
 
 
Figure 5.   Nucleotide and amino acid sequence showing the junction between C terminal 
amino acids of frataxin preproprotein and the N-terminal amino acids of green fluorescent 
protein in pFXN-AcGFP1-N1 taken from SnapGene.  
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Figure 6.  The full amino acid sequence of the FXN-GFP open reading frame from 
SnapGene pFXN-AcGFP1-N1 with frataxin preproprotein amino acids highlighted yellow, 
GFP amino acids highlighted green, and any other additional amino acids highlighted 
blue). 

MWTLGRRAVAGLLASPSPAQAQTLTRVPRPAELAPLCGRRGLRTDIDATCTPRRASSNQRGLNQIW
NVKKQSVYLMNLRKSGTLGHPGSLDETTYERLAEETLDSLAEFFEDLADKPYTFEDYDVSFGSGVLTVKL
GGDLGTYVINKQTPNKQIWLSSPSSGPKRYDWTGKNWVYSHDGVSLHELLAAELTKALKTKLDLSSLA
YSGKDALQSTVPRARDPPVMVSKGAELFTGIVPILIELNGDVNGHKFSVSGEGEGDATYGKLTLKFICTT
GKLPVPWPTLVTTLSYGVQCFSRYPDHMKQHDFFKSAMPEGYIQERTIFFEDDGNYKSRAEVKFEGDT
LVNRIELTGTDFKEDGNILGNKMEYNYNAHNVYIMTDKAKNGIKVNFKIRHNIEDGSVQLADHYQQN
TPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMIYFGFVTAAAITHGMDELYK*   



11 

Sequencing of pFXN-
AcGFP1-N1 to confirm a 
fusion and no mutations. 

Confirm the pFXN-AcGFP1-N1 
using digestion with NheI and 
BamHI followed by gel 
electrophoresis. 

Part 3. Experimental steps required to construct pFXN-AcGFP1-N1 using standard 
molecular biology techniques (20 marks) 
 
Figure 6.  Flow diagram showing experimental steps required to construct pFXN-AcGFP1-
N1   

 

Identify pOTB7FXN and pAcGFP1-N1 using restriction enzyme (RE) digestion with NotI and EcoRI in Promega Buffer 
H. Verify bands with agarose gel electrophoresis. 

PCR amplification of frataxin cDNA insert in pOTB7FXN 
(Taq-Polymerase). 

Purification and RE digestion of frataxin 
cDNA inserts with Xhol and PstI. 

RE digestion of pAcGFP1-N1 with XhoI and 
PstI forming sticky ends at RE cut sites. 

Ligation of frataxin cDNA insert with pAcGFP1-
N1 (DNA ligase). 

Transformation of pFXN-AcGFP1-N1 ligation 
product into competent E.Coli, grown on agar 

and selected for with G418. 

Culturing of transformed E.Coli cells from 
individual colonies. 

 Purification of pFXN-AcGFP1-N1 from these 
transformed E.Coli. 

Words: 149 

Treat with alkaline phosphatase to 
prevent pAcGFP1-N1 re-ligation. 

Heat treatment of RE digested pAcGFP1-N1 and 
frataxin cDNA to denature any active REs which 

may interfere with ligation. 
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Part 4.  In vivo experimental design.  Transfection of pFXN-AcGFP1-N1 into HeLa tissue 
culture cells. (40 marks)  

In this experiment we will be transfecting a pFXN-AcGFP-N1 plasmid into human HeLa tissue 
cells (grown in tissue culture medium and maintained in EMEM buffer) to study the 
intracellular location of frataxin [ATCC, 2021]. Transfection can be non-viral: chemical 
techniques are lipid-mediated or calcium phosphate co-precipitation, but physical 
techniques involve electroporation neon transfection systems which we will use in-vivo to 
introduce 1-5ug of pFXN-AcGFP-N1 DNA into our 106 HeLa cell sample [Thermofisher, 2021].  

We first trypsinise and harvest our HeLa cells by centrifugation, ready to be measured out in 
0.5ml aliquots, suspended in conductive electroporation buffer and mixed with pFXN-
AcGFP-N1 in cuvettes on ice. After 5 minutes incubation, electrical pulses (pulse width is 
determined by capacitance and must maintain 40-80% survival of cells) produce voltage 
which develop temporary pores in the HeLa cell’s phospholipid bilayer: passages to insert 
our DNA using an electronic pipette tip. The transfected cells are selected for in a medium 
with G418 as the pFXN-AcGFP-N1 CMV promotor regulates the neomycin resistance gene; 
successful colonies are then re-cultured at 37oC incubation for 50-60 hours for transient 
expression [Thermofisher, 2016][Damdindorj et al., 2014][Potter and Heller, 2003].  

Since pAcGFP-N1 is an N-terminal specification, the GFP coding sequence is outside the MCF 
and the Frataxin-GFP fusion protein produced by pFXN-AcGFP-N1 has GFP at its C-terminal. 
Fluorescence microscopy under UV at 475nm can be used to observe GFP emission at 
505nm and localise Frataxin-GFP produced constitutively (via the CMV promotor) by 
transfected HeLa cells [Damdindorj et al., 2014][Takarabio, 2022]. The intracellular location 
of FXN-GFP will be regulated by the frataxin as it is the N-terminal component where signal 
peptides are located [Palmer and Freeman, 2004]. Based on frataxin studies, the location of 
fluorescence is expected to be in the mitochondrial protein and iron-sulphur clusters due to 
its proposed function as an iron chaperone [Adinolfi et al., 2009]. 

We could further study the relationship between reduced frataxin expression and 
Friedrich’s Ataxia, the effect of various drugs on frataxin concentration in-vivo or changes in 
extra-mitochondrial frataxin localisation during differentiation: e.g., in enterocyte-like Caco-
2 cells [Acquaviva et al., 2005]. For long term studies we can create a stable HeLa cell line by 
passaging the cells over weeks or months of selection for a colony with the plasmid DNA 
construct integrated into a chromosome. Transfection can also be used for RNAi studies 
controlling gene expression with siRNA to treat genetic diseases [Kim and Eberwine, 2010]. 
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