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•  Recombinational cloning 

•  Cell-free protein synthesis system 
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•  A novel site-specific recombination technique to 
transfer DNA sequences 

•  universal strategy to move DNA sequence to any vector 

•  Recombinational cloning is a promising approach 
for high throughput genomics and proteomics 
application 
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•  Expression clone   
•  Donor vector   
•  Master clone   
•  Destination vector 
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•  Add all the components of the mix 
•  Mix well pipetting up and down 
•  Incubate at 25oC for 1-3 hours 
•  Transformation (Kan plate) 
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Material/equipment 1 sample 
BP reaction buffer  2 µl 
pDONR221 (50 ng/ul)  2 µl 
BP clonase  2 µl 
PCR products   4 µl 
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•  Add all the components of the mix 
•  Mix well pipetting up and down 
•  Incubate at 25oC for 1-3 hours 
•  Transformation (Amp plate) 
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Material/equipment 1 sample 
Entry clone DNA (100 ng) 1-7 µl 
Destination vector (150 ng/ul)  1 µl 
TE buffer to 8 µl 
LR Clonase II enzyme mix 2 µl 

   IIT Bombay             Proteomics Course           NPTEL 10	
  

BP reaction 

ccdB 

B1 B2 P1 P2 
Expression clone Donor vector 

Gene 

Gene ccdB 

Entry/Master 
clone 

By-product 

LR reaction 

BP Clonase 
Enzyme mix 

L1 L2 R1 R2 

Gene 

Entry clone 
L1 L2 

ccdB 

R1 R2 

LR Clonase 
Enzyme mix 

Destination vector 

B1 B2 

Expression clone 

Gene ccdB 

P1 P2 

By-product 



12/11/12 

6 

   IIT Bombay             Proteomics Course           NPTEL 11	
  

Gene 

Master 
clone 

Gene 

Inducible 
His6 fusion 
clone 

Gene 

CMV GFP 
fusion 
clone 

Gene 

p10 promoter 
GST fusion 

Gene 

Tet 
inducible 
clone 

Gene 

MMTV 
retroviral 
clone 

Gene 

2-hybrid 
clone 

Bacterial 
protein 
assays 

Protein 
structural 
studies 

High yield 
protein 
synthesis 

Mammalian 
protein 
expression 

Mammalian 
protein 
functioning 

Protein 
interaction 
studies 

Ref: Current Protocols in Molecular Biology (2006) 3.20.1-3.20.22  
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LaBaer, CSHL course 2008 
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LaBaer, CSHL course 2008 
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LaBaer, CSHL course 2008 
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LaBaer, CSHL course 2008 
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LaBaer, CSHL course 2008 
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•  Directional cloning 
•  Maintains reading frame 
•  No restriction enzymes 
•  No ligation 
•  1 hour, RT reaction with >99% efficiency 
•  No re-sequencing 
•  Compatible for automation 
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•  A repository of expression-ready clones in flexible 
cloning system that enables easy sub-cloning 
between various expression constructs 

•  A pipeline for quickly purifying DNA constructs 
and arraying them for microarray applications 
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•  Cell-free systems eliminate the need to express 
and purify proteins  

•  Cell-free synthesis lysate contain machinery for 
transcription & translation  

•  Commonly used cell-free expression systems  
•  Wheat germ extract   

•  Rabbit reticulocyte lysate   

•  E. coli  
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•  Advantages 
•  Higher stability 

•  Better compatibility with eukaryotic mRNAs 

•  Disadvantages  
•  Lower translation rate 

•  Lack of sufficient knowledge 

•  Complexity 
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•  DNA template   
•  A promoter   
•  A translation initiation signal or Kozak sequence  
•  A universal DNA sequence   
•  A transcription and translation termination region 
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•  Able to utilize wide variety of DNA templates 
•  Simple, quick and cost-effective process 
•  HT protein production in single reaction  
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•  Recombinational cloning 
•  BP and LR reactions 
•  HT cloning 

•  Cell-free protein synthesis system 
•  Wheat germ extract   
•  Rabbit reticulocyte lysate   
•  E. coli  
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•  GATEWAY Cloning Technology. Life Technologies. http://www.invitrogen.com/  

•  Jaehong Park and Joshua LaBaer. Recombinational cloning. Current Protocols in 
Molecular Biology (2006). UNIT 3.20 Recombinational Cloning. DOI: 
10.1002/0471142727.mb0320s74 

•  Harini Chandra, Sanjeeva Srivastava. 2010. Cell-free synthesis-based protein 
microarrays and their applications. PROTEOMICS. Volume 10, Issue 4, pages 717–
730, No. 4 February 2010 

•  SungGa Lee, Michael W. Lassalle. 2011. Firm wheat-germ cell-free system with 
extended vector usage for high-throughput protein screening. Journal of Bioscience 
and Bioengineering. Volume 112, Issue 2, August 2011, Pages 170–177. 

•  Alexander S. Spirin. 2004. High-throughput cell-free systems for synthesis of 
functionally active proteins. Trends in Biotechnology. Volume 22, Issue 10, October 
2004, Pages 538–545. 

•  Mingyue He. 2002. Ribosome display: Cell-free protein display technology. Briefings in 
Functional Genomics and Proteomics (2002) 1 (2): 204-212. 

•    



12/11/12 

17 

   IIT Bombay             Proteomics Course           NPTEL 33	
  

•  Harini Chandra, Panga Jaipal Reddy and Sanjeeva Srivastava. 2011. Expert Review 
of Proteomics. Protein microarrays and novel detection platforms. February 2011, Vol. 
8, No. 1, Pages 61-79   10.1586/epr.10.99 

•  Sandipan Ray, Gunjan Mehta, Sanjeeva Srivastava, 2010. Label-free detection 
techniques for protein microarrays: Prospects, merits and challenges. PROTEOMICS. 
Volume 10, Issue 4, pages 731–748, No. 4 February 2010 

•  Mingyue Hea, Ming-Wei Wangb. 2007. Arraying proteins by cell-free synthesis. 
Biomolecular Engineering. Volume 24, Issue 4, October 2007, Pages 375–380. 

•  Alison M. Jackson, Joe Boutell, Neil Cooley, Mingyue He. 2004. Cell-free protein 
synthesis for proteomics. Briefings in Functional Genomics and Proteomics (2004) 2 
(4): 308-319. 

•  Haiqin Chen, Zhinan Xu, Xiufei Yin, Peilin Cen. 2007. Cloning and expression of the 
HIV protein in Escherichia coli cell-free system. Applied Microbiology and 
Biotechnology. November 2007, Volume 77, Issue 2, pp 347-354. 

•  Deb K. Chatterjee, Kalavathy Sitaraman, Cassio Baptista, James Hartley, Thomas M. 
Hill, David J. Munroe. 2008 Protein Microarray On-Demand: A Novel Protein 
Microarray System. Volume 3 | Issue 9. PLoS one. 
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•  Recombinational Cloning with Plant Gateway Vectors. Mansour Karimi, Ann Depicker, 
and Pierre Hilson. Plant Physiology, December 2007, Vol. 145, pp. 1144–1154.  

•  Joshua LaBaer , Niroshan Ramachandran. 2005. Protein microarrays as tools for 
functional proteomics. Current Opinion in Chemical Biology. Volume 9, Issue 1, 
February 2005, Pages 14–19. 

•  Many Paths to Many Clones: A Comparative Look at High-Throughput Cloning 
Methods. Gerald Marsischky and Joshua LaBaer Genome Res. 2004 14: 2020-2028 

•  Niroshan Ramachandran, Dale N. Larson, Peter R. H. Stark, Eugenie Hainsworth, 
Joshua LaBaer. 2005. Emerging tools for real-time label-free detection of interactions 
on functional protein microarrays. FEBS Journal. Volume 272, Issue 21, pages 5412–
5425, November 2005. 

•  Farid Khan , Elizabeth Palmer , Mingyue He , Michael J . Taussig , and Mingwei 
Wang. 2007. Functional Protein Microarrays in Drug Discovery. Chapter 8. Protein In 
Situ. Arrays through Cell-Free Protein Synthesis Pages 133–143. ISBN: 
978-0-8493-9809-4 
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•  Dr. Joshua LaBaer and laboratory members at Harvard Institute of 
Proteomics for recombinational cloning and NAPPA microarray information. 

•  CSHL, New York, Proteomics course 2008.  


