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Learning objectives 

Student can be able to- 

1. Describe the principle and methods 
of gene cloning and recombinant 
protein production. 

2. Clone gene (DNA) into the plasmid 
vector.  

2. Express recombinant protein using 
bacteria or yeast cell. 



Recombinant DNA  

 - Plasmid DNA 

 - Restriction enzymes 



Gene cloning 
     4 stages 

 1. Digestion of DNA and cloning vector DNA 

 2. Insertion of DNA into cloning vector 

 3. Transformation 

 4. Manipulation of the cloned DNA: sequencing, gene 

expression 



Applications 
1. DNA or gene cloning-  isolation of  a 

DNA sequence of  interest to obtain 

multiple copies of  it in vitro.  

2. Protein expression- produce 

recombinant protein encoded by 
interested gene. 



DNA or gene cloning 
 Using TA plasmid vector 



Procedures 
1. Identify target gene or sequence 

- Isolate the sequence- PCR 

- Modify the sequence 

2. Ligate to the plasmid vector 

3. Transform to bacteria cell 

4. Replicate (culture bacteria cell) 

5. Plasmid extraction 

6. DNA sequence analysis 

 



pGEM®-T Easy Vector Systems 



Cloning PCR Products with pGEM®-T and pGEM®-T Easy Vectors 
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Ligation of plasmid vector and insert DNA 
 Vector:insert ratio calculation 

 Mostly 1:1 or 1:3 molar ratio work well 

 Calculation  for ng of insert = 

ng of vector x kb size of insert  x molar ratio of insert  

              kb size of vector                                         vector 

Example 

100 ng vector x 1 kb  insert       x   3      =  50 ng  

              6 kb size of vector            1 

 T4 DNA ligate 



Transformation of DNA to bacteria 
1. Preparation of competent cell 

2. Transformation of competent cells- 
heat shock or electroporation. 

3. Selection of transformants. 



Selection of transformants 
 Antibiotic selection : in this case use amplicillin 

 Colony PCR 

 DNA Sequencing 



Selection the positive transformants by 

antibiotic or blue-white colony selection 

 





Plasmid extraction and purification 



O. viverrrini tetraspanin 3 sequence  

Cloning site 



Protein expression 
 In vivo expression of recombinant protein. 

Express cloned gene products in prokaryotic 
and eukaryotic system. 

Recombinant protein is used for studies of 
protein structure and function, protein-
protein and protein-DNA interactions, 
antibody production and mutagenesis. 







Prokaryotic system 
 Expression of protein in E. coli 

 Advantages: inexpensive, high yield, easy to regulate 

 Problems: expression of eukaryote gene products using 
prokaryotic system if the protein need post-translation 
modification for activity, protein produce in insoluble 
form. 



Identify target gene or sequence 

Screening 

Transcriptomic 

Proteomic 



Procedures 

1. Identify target gene or sequence 

- Isolate the sequence 

- Modify the sequence 

2. Ligate to the plasmid vector 

3. Transform to bacteria cell 

4. Replicate (culture bacteria cell) 

5. Plasmid extraction 

4. Induction 

5. Purification 

6. Refolding 

 





cDNA library of  adult of  O.V. 

Screened with rabbit  

hyperimmune sera 

Screened with OV positive  

human sera 

Collected positive clones 

Approaches 

Sequencing analysis 

Produce the recombinant protein 

Functional assay Application 

  - Ag for serodiagnosis 

  - Vaccine trial 

Adult worm 
cDNA 

cDNA size fractionate 
Phage library 



Map OV Haemoglobinase 

        1 AAACGTGGTTGAGATGCAACGTTCTTGCCTTCTCCTGACGTTCTTGTTGTACGTCAACTA 60 

                    M  Q  R  S  C  L  L  L  T  F  L  L  Y  V  N  Y   

   61 CGCTGCATGGTTAGGCGCTGTTTGTGTCGGTTCGCGGTTGTTTCACAGTGATCAGGCAAG 120 

        A  A  W  L  G  A  V  C  V  G  S  R  L  F  H  S  D  Q  A  R  

  121 AAACTGGGTTGTTCTGGTCGCTGGATCCAATGGTTGGGAGAACTACCGACACCAAGCGGA 180 

        N  W  V  V  L  V  A  G  S  N  G  W  E  N  Y  R  H  Q  A  D  

  181 TGTATATCACGCGTATCAAATCATGAAGCGCAACAACATTTCGACGGAGCAAATAATTAC 240 

        V  Y  H  A  Y  Q  I  M  K  R  N  N  I  S  T  E  Q  I  I  T  

  241 CTTCGCCTACGATGATATTGCAAACAACCCCGAAAATCCGTTTATGGGCAAGGTGTTCAA 300 

        F  A  Y  D  D  I  A  N  N  P  E  N  P  F  M  G  K  V  F  N  

  301 TGACTACACTCACAAAGACGTGTACGAAGGTGTGCACATAGATTATCGTGGAGAGGATGT 360 

        D  Y  T  H  K  D  V  Y  E  G  V  H  I  D  Y  R  G  E  D  V  

  361 GACACCGGACAATTTCCTGCGTGCCATGAGGGGTGATAAAGAACTTGAAGCTAATGGAAA 420 

        T  P  D  N  F  L  R  A  M  R  G  D  K  E  L  E  A  N  G  K  

  421 GAAGGTACTAAAAAGCGGTCCAGAAGATCACGTCTTTGTCTACTTTTCCGATCATGGTGC 480 

        K  V  L  K  S  G  P  E  D  H  V  F  V  Y  F  S  D  H  G  A  

  481 AGACGGACTTCTTGCCTTTCCAGAGGATGACCTCCTCGCCTCGGATTTGAACAAAACTTT 540 

        D  G  L  L  A  F  P  E  D  D  L  L  A  S  D  L  N  K  T  L  

  541 GGGTTACATGCACGAAAACAAAATGTACAAACAAATGGTTCTATACGTGGAAGCATGTGA 600 

        G  Y  M  H  E  N  K  M  Y  K  Q  M  V  L  Y  V  E  A  C  E  

  601 ATCCGGTTCTATGTTCCAGGATATCCTGCCATCGGATATCGGGATCTATGTGACAACCGC 660 

        S  G  S  M  F  Q  D  I  L  P  S  D  I  G  I  Y  V  T  T  A  

  661 GGCTAACAGTGAGGAATCCAGCTGGGCTACTTTCTGTCGCGACACAATCATTGGCACTTG 720 

        A  N  S  E  E  S  S  W  A  T  F  C  R  D  T  I  I  G  T  C  

  721 TCTGGCGGACGAATACTCGTACAACTGGCTCACGGACTCTGAGCATCACGATCTGTCGCA 780 

        L  A  D  E  Y  S  Y  N  W  L  T  D  S  E  H  H  D  L  S  H  

  781 TCGCACACTGGATGATCAGTTCCAATCGGTGAAACAGAATACCAAGCAAAGTCACGTATC 840 

        R  T  L  D  D  Q  F  Q  S  V  K  Q  N  T  K  Q  S  H  V  S  

  841 GAGATTCGGGGAACTGCCTCAGGTACTTCATAGCCATCCGTCACGCTGGGCACATTTGGT 900 

        R  F  G  E  L  P  Q  V  L  H  S  H  P  S  R  W  A  H  L  V  

  901 CACCATGGTCCGACGAATGATGAAAGCCGAAACCGAGGAAGAACATGAATTGGCATCCCG 960 

        T  M  V  R  R  M  M  K  A  E  T  E  E  E  H  E  L  A  S  R  

  961 AAAACTATATCGTGCACTTCTGCTTGCCCAGATCGTTAAAGAAACATTCGAAGAAATCGT 1020 

        K  L  Y  R  A  L  L  L  A  Q  I  V  K  E  T  F  E  E  I  V  

 1021 CACGGATGTAACAACCTTCCATCAGCCAACCATGCGCATGTTGTCAAAGTCGGAGGAACT 1080 

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

 1081 CCAGTGCTATGAAGAAGTATTCCAAGAGTTCAAAAACCGGTGCTTCACCATTCGACAGGT 1140 

        Q  C  Y  E  E  V  F  Q  E  F  K  N  R  C  F  T  I  R  Q  V  

 1141 CCCTGAGGTGGCTCAATACGCAAGACATCTGCGGAAGCTGTGCAAAGAAGGATACGAAAC 1200 

        P  E  V  A  Q  Y  A  R  H  L  R  K  L  C  K  E  G  Y  E  T  

 1201 TGAAGCACTTGTTCAATCTGTTCATGAAGTCTGTTCCTAGTGGACGCTGTCAACATTTGA 1260 

        E  A  L  V  Q  S  V  H  E  V  C  S  *   

 1261 TGGAACAACCTTAATTCGAAAAATGCATAAGTCCTGCAGTGG 1302 

 



OV-TSP1 

MMGCVQCLRI LLVVFNFLVV LVGLVVLGFS VYVSQEPEAQ 

DIIRASGHYV AVQIALYALM GVGGITLITA LFGCCGAYHE 

SQCLLGAYFI ILLVIFTSQV TGATLGYVFR EEIMQHVEQQ 

MFEGVEEYSM LRDQRENPSP FMDNIHRVLQ CCGVNGYTDY 

RDRIPVTCCD RRKSNCNELQ LTPDEVYTEG CKEKYKRFFK 

DKLIVFFLIA VSIAAFEIFC LLFSMVLCCA IRQYHSDYYG 

VDYAI  

Schematic illustration of the structural design of OvTSP1 



TSP-1 like 

247 aa Predicted Large external loop = 105-203 (Underlined)Expression region: Tyr (Y)107- GlT 

(E)193 (Green) = 87 aa   

Frame 1  

MMGCVQCLRILLVVFNFLVVLVGLVVLGFSVYVSQEPEAQDIIRASGHYVAVQIALYALMGVGGITLITA 

  

LFGCCGAYHESQCLLGAYFIILLVIFTSQVTGATLGYVFREEIMQHVEQQMFEGVEEYSMLRDQRENPSP 

  

FMDNIHRVLQCCGVNGYTDYRDRIPVTCCDRRKSNCNELQLTPDEVYTEGCKEKYKRFFKDKLIVFFLIA 

  

VSIAAFEIFCLLFSMVLCCAIRQYHSDYYGVDYAIAT*  

 

Map  

    1 AGGNACTCACGCCTNNATTAAGTCCCGGCAAACCAAAATCGCTTTGAGATGATGGGTTGT 60 

   R  ?  S  R  ?  ?  *  V  P  A  N  Q  N  R  F  E  M  M  G  C  

   61 GTCCAATGCTTGCGGATTTTATTAGTTGTGTTCAACTTTCTCGTTGTGCTGGTCGGTTTG 120 

   V  Q  C  L  R  I  L  L  V  V  F  N  F  L  V  V  L  V  G  L  

  121 GTGGTTCTAGGGTTTTCCGTATACGTCTCTCAAGAACCTGAGGCACAAGATATCATACGG 180 

   V  V  L  G  F  S  V  Y  V  S  Q  E  P  E  A  Q  D  I  I  R  

  181 GCGTCCGGACACTATGTGGCTGTTCAGATCGCTCTCTACGCTCTCATGGGAGTCGGCGGT 240 

   A  S  G  H  Y  V  A  V  Q  I  A  L  Y  A  L  M  G  V  G  G  

  241 ATCACTCTAATCACTGCCCTTTTCGGATGCTGTGGAGCCTATCACGAATCACAGTGCCTG 300 

   I  T  L  I  T  A  L  F  G  C  C  G  A  Y  H  E  S  Q  C  L  

  301 CTCGGTGCATACTTCATAATACTGTTGGTAATATTCACCTCTCAAGTTACCGGAGCTACT 360 

   L  G  A  Y  F  I  I  L  L  V  I  F  T  S  Q  V  T  G  A  T  

  361 CTTGGCTATGTGTTCCGGGAGGAGATAATGCAACATGTTGAGCAACAGATGTTTGAGGGA 420 

   L  G  Y  V  F  R  E  E  I  M  Q  H  V  E  Q  Q  M  F  E  G  

  421 GTGGAGGAATACTCAATGCTTCGCGATCAACGTGAGAATCCGTCGCCCTTCATGGACAAC 480 

   V  E  E  Y  S  M  L  R  D  Q  R  E  N  P  S  P  F  M  D  N  

  481 ATACATCGAGTGCTCCAGTGTTGCGGAGTTAACGGTTACACCGATTATCGCGACAGAATC 540 

   I  H  R  V  L  Q  C  C  G  V  N  G  Y  T  D  Y  R  D  R  I  

  541 CCGGTCACTTGCTGTGACCGCCGTAAGAGTAATTGCAATGAGCTTCAGCTCACTCCTGAT 600 

   P  V  T  C  C  D  R  R  K  S  N  C  N  E  L  Q  L  T  P  D  

  601 GAAGTCTATACAGAAGGCTGTAAGGAAAAGTACAAGCGATTCTTCAAGGACAAGTTGATA 660 

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

  661 GTTTTTTTCCTCATAGCGGTGTCAATTGCCGCCTTCGAGATCTTCTGTCTGCTCTTTTCT 720 

       V  F  F  L  I  A  V  S  I  A  A  F  E  I  F  C  L  L  F  S  

  721 ATGGTATTGTGCTGTGCCATACGACAATACCATTCGGACTATTACGGCGTGGACTATGCC 780 

       M  V  L  C  C  A  I  R  Q  Y  H  S  D  Y  Y  G  V  D  Y  A  

  781 ATAGCAACTTAAGTGACCCGTAGTTGCCTGCACACCAACTACTGCTTCGTTTTGATTCAA 840 

       I  A  T  *  V  T  R  S  C  L  H  T  N  Y  C  F  V  L  I  Q  

 



Approaches 
 cDNA library screening 

 PCR 

 Specific oligoprimer designed from targeted DNA 

sequence 

 Degenerate primer designed from target protein 

sequence 



Ligation of plasmid vector and 
insert DNA 
 Insert DNA preparation 

 Vector preparation 

 Ligation reaction 



Insert DNA preparation 
 Generate restriction sites at both ends by PCR 

 

 

 

 Results: 

 Correct PCR products 

 Correct size: Gel electrophoresis 

 Correct sequence: DNA sequencing 

 

CTCGAG  
Xho I 

CTCGAG 
Nde I 



1 kb 

1.6 kb 

  M 

PCR checking 

Expected size of  insert 



Insert DNA preparation 
1. Direct cloning with PCR product 

 Digested with restriction enzymes 

 Separate through agarose gel electrophoresis 

 Purify 

2. If direct clone is difficult, clone into T-vector 

 Clone PCR product into vector 

 Digested with restriction enzymes 

 Separate through agarose gel electrophoresis 

 Purify 

 



1 kb 

1.6 kb 

Double digestion of LGM_pGEM-T with Nde Ι and Xho Ι 



Vector preparation 
 Digest with restriction enzymes 

 Separate through agarose gel 

 Purify 

 Concentrate 



 Ligate LGM gene into pET-15b vector  



Ligation of plasmid vector and insert DNA 
 Vector:insert ratio calculation 

 Mostly 1:1 or 1:3 molar ratio work well 

 Calculation  for ng of insert = 

ng of vector x kb size of insert  x molar ratio of insert  

              kb size of vector                                         vector 

Example 

100 ng vector x 1 kb  insert       x   3      =  50 ng  

              6 kb size of vector            1 

 T4 DNA ligate 



Transformation of DNA to bacteria 
1. Preparation of competent cell 

2. Transformation of competent cells 

3. Selection of transformants 



Selection of transformants 
 Antibiotic selection : in this case use amplicillin 

 Colony PCR 

 DNA Sequencing 



Selection the positive transformants by antibiotic or blue-white 
colony selection 
 



1.6 kb 

1 kb 

lane 1 = 1 Kb marker 
lane 2 = - 
lane 3 = colony 1 
lane 4 = colony 2 
lane 5 = colony 3 
lane 6 = colony 4 
lane 7 = colony 5 

Selection the positive transformants by 

Colony PCR 



ACGCGCGCATATGGCATGGTTAGGCGCTGTT 

ACGGCGCCCTCGAGCTAGGAACAGACTTCATGAAC 



Prokaryotic expression protocol  
Materials 

 LB broth containing antibiotics (100 ug/ml amplicillin) 

 IPTG (100mM stock) 

1. Transform recombinant plasmid into bacterial 

2. Pick colonies and grow in LB amp 50 ml at 37 C for 
overnight 

3. Inoculate 1-2 ml into new LB amp and grow at 37 C to 
A600 of 0.6 

4. Add 100 mM IPTG to culture to final concentration 
of 0.4 – 1 mM (in 100 ml add 1 ml of 100 mM IPTG) 



5. Incubate at 37 C for various time points  (1, 2, 3, 4, 6 h 
and overnight) 

6. Analyze expression protein 

  - in pellet 

  - in supernatant 



35 

49 

90 

117 

Production of OV rAEP-1 in E.coli  

49 kDa 

A. 



Applications 
 Antibody production for immunological assay 

 Functional assay of protein 

 Immunodiagnosis antigen 

 Vaccine antigen 



49kDa 

      rAEP-1       ES       SA            ES       SA Antigen 

Antibody 

Ov-AEP-1 is secreted by adult O. viverrini 

rAEP-1     = Recombinant O.V. asparaginyl endopeptidase 

ES            = Excretory-Secretory antigen 

SA            = Somatic antigen 

a-rAEP-1 = IgG from the rabbit serum immunized with rAEP-1  

NRS         = Normal rabbit serum (Negative control) 
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Asparaginyl endopeptidase expressed in the parasite gut and in eggs 
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Hydrolysis of  the fluorogenic peptide Z-Ala-Ala-Asn aminomethylcoumarin (AMC) by O. viverrini  

excretory/secretory (ES) products and recombinant Ov-AEP-1  

Detection of  AEP catalytic activity in refolded recombinant Ov-AEP-1 and O. viverrini 
ES products 



Recombinant Ov-AEP-1 was recognized by serum 
antibodies from opisthorchiasis patients 

 The sensitivity = 85% (64/75).  

 The specificity = 100% (Hookworm, minute intestinal 
fluke, Taenia and Echinostome).  

 The positive and negative predictive values are 100% 
and 67% respectively.  
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B. 

A. 

Development of  immunodiagnostic tool using recombinant OV-AEP1 as a specific Ag 



Eukaryotic system 
 Yeast; Saccharomyces cerevisiae, Pichia Pastoris 

 

 Baculovirus-infected cells; insect cell (Sf9) or 
mammalian cells (HeLa) 

 

 



Commercial kit for protein expression 



Expression of LGM gene in yeast  

The full-length of LGM gene was clone into pPIC ZαA 
expression vector and transformed into competent 
Pichia pastoris strain X-33  
 
 
 
 
 
 
1. 5’OVLGM: 5’- gCg CgC gAA TTC gCA Tgg TTA ggC gCT gTT  

2. 3’OVLGM: 5’- CgC gCg gCg gCC gCg gAA CAg ACT TCA TgA AC 

3. 5’AOX1: 5’- gAC Tgg TTC CAA TTg ACA AgC 

4. 3’AOX1: 5’- gCA AAT ggC ATT CTg ACA TCC 





Protocol 
Produce recombinant plasmid clone 

Transfect into yeast cell 

Induction ; methanol induction 

Collect protein from supernatant 

Purify 



Linearize the recombinant plasmid for transformation into 
Pichia pastoris  

1.6 kb 

5 kb 

1 kb 



Production of recombinant OV-AEP-1 in Pichia pastoris 

47 kDa 



Example work 





 Specific primers that included the sequences for the 
EcoR I and Not I restriction enzyme sites (indicated 
with bold and underlined type), Ov-TSP2-EC2F 
(5’ACGCGAATTCCGCGATAAGATCCCCGG-3’) and 
Ov-TSP2-EC2R 
(5’ACGCGCGGCCGCCTGGATGAACTCTTC GAC-3’).  



 Specific primers that included the sequences for the 
EcoR I and Not I restriction enzyme sites (indicated 
with bold and underlined type), Ov-TSP2-EC2F 
(5’ACGCGAATTCCGCGATAAGATCCCCGG-3’) and Ov-
TSP2-EC2R 
(5’ACGCGCGGCCGCCTGGATGAACTCTTC GAC-3’).  



SDS-PAGE and western blot analysis of rOv-TSP-2 
expressed in Pichia pastosis 

Protein marker (lane M), pre-induction supernatant (lane 1), methanol-induction supernatant 

(lane 2), flow through (lane 3), wash (lane 4), eluted protein (lane 5), purified protein in 20 mM 

HEPES (lane 6), western blot of  rOv-LEL-TSP-2 probed with rabbit anti-Ov-TSP-2 serum (lane 

7), western blot of  20 mM HEPES buffer probed with rabbit anti-Ov-TSP-2 serum-negative 
control (lane 8). The molecular weight of  rOv-LEL-TSP-2 protein is approximately 12 kDa. 


