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Abstract

To date, the luciferase in reporter assays and the gateway toolkit are among our routinely- used reagents [1,2],
and the latter also facilitates the large-scale gene cloning so that we can switch to pick up ones of interest from the
genome-wide ready- to- use collections [3]. However, it was particularity a small number of enzymes that probably
have advanced huge successful stories in research of biology and medicine. They actually help us perform the
special- pediment DNA cloning, genome editing and transgenics. This has greatly enlightened us. Interestingly, the
toolkit equipped with one of them, e.g. Cre/lox (Flp /FRT) recombinase system for gene targeting has already been
awarded the Nobel Prize [4]. We would hence like to expect more cases among them in the future.
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The Cre/lox (Flp /FRT) Recombinase System for Gene
Targeting

We now enter the era of post-genome. The Cre/lox and Flp /FRT
recombinase systems are among the heroes to help us understand our
genome. Nobel laureate Mario Capecchi [4] first conveyed his creative
ideas on gene targeting with Cre/lox recombinase system first found in
phage to NTH for funding but it was given a rejection.It becomes today
well-known that this system can harness the machinery of mammalian
cells to precisely mutate any gene we wish. Furthermore, its derivatives
such as tissue-specific inducible conditional knock-outs accelerate
our understanding of gene functions. For instance, now expression
of Cre and hence targeting of the floxed gene can be restricted to e.g.
chondrocytes (collagen type II alphal promoter, Figurel), T cells
(Ick promoter), cardiac muscle (cardiac myosin promoter), neurons
(enolase promoter). This technique not only promotes generation of
mice with human diseases for study, but it may hold a great promise
in-future gene therapy to correct disease-causing genes.

Targeting of mTOR

The targeting vector was constructed to replace the endogenous
mTOR exon locus with a neo cassette by homologous recombination.
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Figure 1: Generation of mTOR cartilage tissue —specific null mice.

The generality of application of Flp /FRT recombinase system can
definitively expand to fruit fly (Drosophila melanogaster) in vitro gene
targeting [5] and of the Cre/lox recombinase system extends to in vivo
integration of low -copy transgenic Caenorhabditis elegans ( C. elegans
) [6-8].

RecE and RecT for ET Cloning, and their Equivalents

It is an amazing breakthrough to identify a similarly flexible
homologous recombination reaction in Escherichia coli (E. coli) as in
the yeast, an assay on the basis of recombination between linear and
circular DNA. Only sbcA E. coli strains, which express RecE and RecT,
presented the intended recombination products [9,10]. This started
a new logic for DNA engineering using recombination in E. coli,
unlimited by the disposition of restriction endonuclease cleavage sites
or the size of the target DNA and without the need for DNA ligases.
This new form of chromosome engineering, termed recombinogenic
engineering or recombineering, is efficient and greatly decreases the
time it takes to create transgenic mouse models by traditional means
[9]. Hence, highly efficient phage-based Escherichia coli homologous
recombination systems enable genomic DNA in bacterial artificial
chromosomes (BACs) or Fosmids to be modified and subcloned with
precision and ease, and to use them for transgenesis in higher model
organisms, like mouse [4] and C. elegans [6,7]. Importantly, many
reagents are currently commercially available. Recently Poser I et al.
[11] have developed the localization, protein-protein and/or protein-
DNA interactions of the tagged protein 3-in-1 mammalian system via
rapid and reliable generated BAC transgenes using 96-well-format
recombineering [12]. Such systems have already been applied on C.
elegans and contributed a great to Modencode [13,14]. One of its latest
applications includes a conditional knockout resource for the genome-
wide study of mouse gene function [15]. Similarly, we described the use
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of galK gene as a selection marker for both the positive and negative
selection steps in recombineering, realized placement of homology
arms to commonly used GFP and TAP fusion genes flanking the galK
cassette [6,7,16].

Finally, recombineering can facilitate many kinds of genomic
experiment that have otherwise been difficult to carry out, and should
enhance functional genomics studies by providing better mouse
and other models and a more refined genetic analysis of the mouse
and other genome, from individual(s) to system(s) screen with high
throughput [16].

Enzymes that Prepare the Ends of DNA Fragments for
Sequence-Directed Alignment for “Cold” Cloning

The Cold Fusion technology is a “cool”, revolutionary cloning
approach for rapid, efficient and precise direct cloning of any PCR
fragments to any linearized vector in one single step, at any site. The
PCR fragments can be generated with primers that are designed to
have at least 15 bases of homology at their linear ends to where you
want the product to “fuse”. You generate the linearized vector by PCR
or restriction enzymes (single or double cut). With the mixture of
enzymes that prepare the ends of DNA fragments for sequence-directed
alignment for “cold” cloning in one tube simple reaction format, you
incubate them for 5 minute at room temperature then put them for
10 minutes on ice. Subsequently, your PCR product(s) will rapidly
fuse into the linearized vector in the desired orientation because of
compatible DNA ends with great accuracy. It is so robust that multiple
DNA fragments can be assembled simultaneously and cloned into one
construct in a single step. The system is highly efficient along with a
rate of more than 95% positive cloning. Obviously, this cloning is also
adaptable for rapid high throughput application. Experimentally, this
method can have accomplished 4-in-1 induced pluripotent stem cells
(iPSC) construct [17] in 3 days.

Zinc Finger Nucleases (ZFNs) for Correction of
Disease- Model iPS Genome

Zinc finger nucleases (ZFNs) are a class of engineered DNA-
binding proteins that facilitate targeted editing of the genome by
creating double-strand breaks in DNA at user-specified locations
[18]. Simply speaking, each Zinc Finger Nuclease (ZFN) consists of
two functional domains: the DNA-binding domain for zinc-fingers,
which is engineered to bind to a specific DNA sequence, fused to the
DNA endonuclease domain from the FokI [19]. Such fusion makes a
highly-specific pair of ‘genomic scissors’ created. When two ZFNs bind
cognate target sequences in the proper orientation, the FokI domains
can dimerize and create a nuclease that makes a DNA double-stranded
break (DSB) between the two cognate sequences. DSBS are important
for site-specific mutagenesis to stimulate the cell’s natural DNA-repair
processes, namely homologous recombination and Non-Homologous
End Joining (NHE]J) [20].

These processes are harnessed to generate precisely targeted
genomic edits, resulting in cell lines with targeted gene deletions,
integrations, or modifications. ZFN-mediated genome editing takes
place in the nucleus when a ZEN pair targeting the user’s gene of
interest is delivered into a parental cell line, either by transfection,
electroporation or viral delivery. It can make rapid disruption of, or
integration into, any genomic loci [20]; Mutations made are generally
permanent and heritable in a variety of mammalian somatic cell types.
Researchers could obtain knockout or knock-in cell lines. Importantly,
you can make knockout of genes not amenable to RNAI.

Human ES cells and iPS cells grow very poorly when plated as
single cells. However, now several studies have also reported successful
gene targeting by HR-mediated gene insertion at a few selective loci
in normal or disease-specific human iPS cells [21,22]. For sure, facile
correction of genomic mutations in iPS cells still has a long way to go.
As aforementioned, the use of zinc-finger nuclease (ZFN) generated
site-specific DSBs to stimulate HR efliciencies. The use of a ZFN
pair also increases the overall sequence specificity, enabling them to
precisely target a single unique locus in the genome [20]. Stimulated
by ZFN-induced DSBs, endogenous loci can be targeted with high
efficiency not only by either HR (in the presence of an exogenous
donor DNA fragment serving as a repair template) or but also through
error-prone nonhomologous end-joining (especially in the absence of
a DNA template) [20].

While the use of ZFNs can stimulate HR rates significantly, the
limitation of ZFN efficiency had stymied its clinic application, namely,
it is still not high enough that the step of gene targeting or correcting
can be assumed to be either facile (especially for transcriptionally
silent loci) or of short enough duration to be adaptable to a clinical
setting[20]. The somatic hypermutation (SHM) could possibly mutate
target ZFN to evolve its proteins directly in living mammalian cells [23].
Mutant ZFNs are expressed and selected or screened for desired more
modular, higher efficient at targeting human somatic cells, high-level
gene transfer for increasing HR and other active merits for avenues of
clinic application.

B-Galactosidase Enzyme for Fragment Complementa-
tion Assay Technology

Enzyme Fragment Complementation (EFC) Assay Technology
is a homogeneous, non-radioactive detection technology based on
two genetically engineered P-galactosidase fragments-a large protein
fragment (Enzyme Acceptor, EA) and a small peptide fragment
(Enzyme Donor, ED). Separately, the p-gal fragments are inactive,
but in solution, they rapidly recombine to form active B-galactosidase
enzyme that hydrolyzes substrate; producing an easily detectable
chemiluminescent or fluorescent signal. EFC technology offers
drug discovery the means to interrogate biomolecular reactions for
advancing therapeutic drug and screening programs. Robust, reliable
assay technology can be used for both biochemical and cell based
formats [24].

Enzymes Shining on Targeted Genes

For the matrix metalloproteinase MMP for tumor surgery ,
Nobel laureate Roger Tsien et al. [23] have modified their activatable
cell penetrating peptides(ACPPs), which was previously described
for in vivo fluorescence localization of active MMP-2 and-9 in
xenograft and transgenic tumor models to in vivo visualize the matrix
metalloproteinase activities by MRI and fluorescence of dendrimeric
nanoparticles coated with activatable cell penetrating peptides (ACPPs),
labeled with Cy5, gadolinium, or both. Uptake of such nanoparticles
in tumors is 4 tol5-folds higher than for unconjugated ACPPs. They
proposed that that work could improve MRI-guided clinical staging,
presurgical planning, and intraoperative fluorescence-guided surgery.
The approach may be generalizable to deliver radiation-sensitizing and
chemotherapeutic agents [25]. In addition, MMP-2 and MMP-9 is also
critical for osteoarthritis [26] and stemness.

Finally, these enzymes could hence make our research in biology
and biomedicine fruitful and full of exciting surprises now and in the
future. However, we believe that development of such enzymes and
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their toolkits on many fronts will be an intense field of research in
the near future, and their progress will have a long -term impact not
just in basic biological research, but also cancer research, regenerative
medicine, drug screening and disease modeling.

References

1.

Zhang Y, Chou SD, Murshid A, Prince TL, Schreiner S, et al. (2011) The role
of heat shock factors in stress-induced transcription. Methods Mol Biol 787:
21-32.

Guerry F, Marti CO, Zhang Y, Moroni PS, Jaquiéry E, et al. (2007) The Mi-2
nucleosome-remodeling protein LET-418 is targeted via LIN-1/ETS to the
promoter of lin-39/Hox during vulval development in C. elegans. Dev Biol 306:
469-479.

Dupuy D, Bertin N, Hidalgo CA, Venkatesan K, Tu D, et al. (2007) Genome-
scale analysis of in vivo spatiotemporal promoter activity in Caenorhabditis
elegans. Nat Biotechnol 25: 663-668.

Capecchi MR (2008) A Nobel lesson: the grant behind the prize. Response.
Science 319: 900-901.

Liu H, Kubli E (2003) Sex-peptide is the molecular basis of the sperm effect in
Drosophila melanogaster. Proc Natl Acad Sci U S A 100: 9929-9933.

Zhang Y, Kashyap L, Ferguson AA, Fisher AL (2011) The production of C.
elegans transgenes via recombineering with the galK selectable marker. J Vis
Exp 47: 2331.

Zhang Y, Nash L, Fisher AL (2008) A simplified, robust, and streamlined
procedure for the production of C. elegans transgenes via recombineering.
BMC Dev Biol 8: 119.

Kage-Nakadai E, Kobuna H, Funatsu O, Otori M, Gengyo-Ando K, et al. (2012)
Single/low-copy integration of transgenes in Caenorhabditis elegans using an
ultraviolet trimethylpsoralen method.BMC Biotechnol 12: 1.

Zhang Y, Buchholz F, Muyrers JP, Stewart AF (1998) A new logic for DNA
engineering using recombination in Escherichia coli. Nat Genet 20: 123-128.

10. Muyrers JP, Zhang Y, Buchholz F, Stewart AF (2000) RecE/RecT and Redalpha/

Redbeta initiate double-stranded break repair by specifically interacting with
their respective partners. Genes Dev 14: 1971-1982.

11. Poser |, Sarov M, Hutchins JR, Hériché JK, Toyoda Y, et al. (2008) BAC

TransgeneOmics: a high-throughput method for exploration of protein function
in mammals. Nat Methods 5: 409-415.

12. Sarov M, Schneider S, Pozniakovski A, Roguev A, Ernst S, et al. (2006) A

13.
14.

20.

21.

22.

23.

24.

25.

26.

recombineering pipeline for functional genomics applied to Caenorhabditis
elegans. Nat Methods. 3: 839-844.

Model Organism Encyclopedia of DNA Elements

Hochbaum D, Zhang Y, Stuckenholz C, Labhart P, Alexiadis V, et al.
(2011) DAF-12 regulates a connected network of genes to ensure robust
developmental decisions. PLoS Genet 7: 1002179.

. Skarnes WC, Rosen B, West AP, Koutsourakis M, Bushell W, et al. (2011)

A conditional knockout resource for the genome-wide study of mouse gene
function. Nature 474: 337-342.

. Copeland NG, Jenkins NA, Court DL (2001) Recombineering: a powerful new

tool for mouse functional genomics. Nat Rev Genet 2: 769-779.

. Takahashi K, Yamanaka S (2006) Induction of pluripotent stem cells from

mouse embryonic and adult fibroblast cultures by defined factors. Cell 126:
663-676.

.Kim YG, Cha J, Chandrasegaran S (1996) Hybrid restriction enzymes: zinc

finger fusions to Fok | cleavage domain. Proc Natl Acad Sci U S A 93: 1156-
1160.

. Porteus MH, Baltimore D (2003) Chimeric nucleases stimulate gene targeting

in human cells. Science 300: 763.

Mali P, Cheng L (2012) Concise review: human cell engineering: cellular
reprogramming and genome editing. Stem Cells 30: 75-81.

Hockemeyer D, Soldner F, Beard C, Gao Q, Mitalipova M, et al. (2009) Efficient
targeting of expressed and silent genes in human ESCs and iPSCs using zinc-
finger nucleases. Nat Biotechnol 27: 851-857.

Soldner F, Laganiére J, Cheng AW, Hockemeyer D, Gao Q, et al. (2011)
Generation of isogenic pluripotent stem cells differing exclusively at two early
onset Parkinson point mutations. Cell 146:318-331.

Wang L, Tsien RY (2006) Evolving proteins in mammalian cells using somatic
hypermutation. Nat Protoc 1: 1346-1350.

GollaR, Seethala R (2002) A homogeneous enzyme fragment complementation
cyclic AMP screen for GPCR agonists. J Biomol Screen 7: 515-525.

Olson ES, Jiang T, Aguilera TA, Nguyen QT, Ellies LG, et al. (2010) Activatable
cell penetrating peptides linked to nanoparticles as dual probes for in vivo
fluorescence and MR imaging of proteases. Proc Natl Acad Sci U S A 107:
4311-4316.

Monemdjou R, Fahmi H, Pelletier JP, Martel-Pelletier J, Kapoor M (2010)
Metalloproteases in the Pathogenesis of Osteoarthritis: Possible Targets for
Treatment? Int J Adv Rheumatol 8: 103-110.

Enzyme Engg
ISSN: EEG, an open access journal

Volume 1 ¢ Issue 1« 1000e101


http://www.ncbi.nlm.nih.gov/pubmed/21898224
http://www.ncbi.nlm.nih.gov/pubmed/21898224
http://www.ncbi.nlm.nih.gov/pubmed/21898224
http://www.ncbi.nlm.nih.gov/pubmed/17466968
http://www.ncbi.nlm.nih.gov/pubmed/17466968
http://www.ncbi.nlm.nih.gov/pubmed/17466968
http://www.ncbi.nlm.nih.gov/pubmed/17466968
http://www.ncbi.nlm.nih.gov/pubmed/17486083
http://www.ncbi.nlm.nih.gov/pubmed/17486083
http://www.ncbi.nlm.nih.gov/pubmed/17486083
http://www.ncbi.nlm.nih.gov/pubmed/18283726
http://www.ncbi.nlm.nih.gov/pubmed/18283726
http://www.ncbi.nlm.nih.gov/pubmed/12897240
http://www.ncbi.nlm.nih.gov/pubmed/12897240
http://www.ncbi.nlm.nih.gov/pubmed/21248708
http://www.ncbi.nlm.nih.gov/pubmed/21248708
http://www.ncbi.nlm.nih.gov/pubmed/21248708
http://www.ncbi.nlm.nih.gov/pubmed/19116030
http://www.ncbi.nlm.nih.gov/pubmed/19116030
http://www.ncbi.nlm.nih.gov/pubmed/19116030
http://www.ncbi.nlm.nih.gov/pubmed/22217006
http://www.ncbi.nlm.nih.gov/pubmed/22217006
http://www.ncbi.nlm.nih.gov/pubmed/22217006
http://www.ncbi.nlm.nih.gov/pubmed/9771703
http://www.ncbi.nlm.nih.gov/pubmed/9771703
http://www.ncbi.nlm.nih.gov/pubmed/10921910
http://www.ncbi.nlm.nih.gov/pubmed/10921910
http://www.ncbi.nlm.nih.gov/pubmed/10921910
http://www.ncbi.nlm.nih.gov/pubmed/18391959
http://www.ncbi.nlm.nih.gov/pubmed/18391959
http://www.ncbi.nlm.nih.gov/pubmed/18391959
http://www.ncbi.nlm.nih.gov/pubmed/16990816
http://www.ncbi.nlm.nih.gov/pubmed/16990816
http://www.ncbi.nlm.nih.gov/pubmed/16990816
http://www.modencode.org/
http://www.ncbi.nlm.nih.gov/pubmed/21814518
http://www.ncbi.nlm.nih.gov/pubmed/21814518
http://www.ncbi.nlm.nih.gov/pubmed/21814518
http://www.ncbi.nlm.nih.gov/pubmed/21677750
http://www.ncbi.nlm.nih.gov/pubmed/21677750
http://www.ncbi.nlm.nih.gov/pubmed/21677750
http://www.ncbi.nlm.nih.gov/pubmed/11584293
http://www.ncbi.nlm.nih.gov/pubmed/11584293
http://www.ncbi.nlm.nih.gov/pubmed/16904174
http://www.ncbi.nlm.nih.gov/pubmed/16904174
http://www.ncbi.nlm.nih.gov/pubmed/16904174
http://www.ncbi.nlm.nih.gov/pubmed/8577732
http://www.ncbi.nlm.nih.gov/pubmed/8577732
http://www.ncbi.nlm.nih.gov/pubmed/8577732
http://www.ncbi.nlm.nih.gov/pubmed/12730593
http://www.ncbi.nlm.nih.gov/pubmed/12730593
http://www.ncbi.nlm.nih.gov/pubmed/21905170
http://www.ncbi.nlm.nih.gov/pubmed/21905170
http://www.ncbi.nlm.nih.gov/pubmed/19680244
http://www.ncbi.nlm.nih.gov/pubmed/19680244
http://www.ncbi.nlm.nih.gov/pubmed/19680244
http://www.ncbi.nlm.nih.gov/pubmed/21757228
http://www.ncbi.nlm.nih.gov/pubmed/21757228
http://www.ncbi.nlm.nih.gov/pubmed/21757228
http://www.ncbi.nlm.nih.gov/pubmed/17406421
http://www.ncbi.nlm.nih.gov/pubmed/17406421
http://www.ncbi.nlm.nih.gov/pubmed/14599349
http://www.ncbi.nlm.nih.gov/pubmed/14599349
http://www.ncbi.nlm.nih.gov/pubmed/20160077
http://www.ncbi.nlm.nih.gov/pubmed/20160077
http://www.ncbi.nlm.nih.gov/pubmed/20160077
http://www.ncbi.nlm.nih.gov/pubmed/20160077
http://www.remedicajournals.com/International-Journal-of-Advances-in-Rheumatology/BrowseIssues/Volume-8-Issue-3/Article-Metalloproteases-in-the-Pathogenesis-of-Osteoarthritis
http://www.remedicajournals.com/International-Journal-of-Advances-in-Rheumatology/BrowseIssues/Volume-8-Issue-3/Article-Metalloproteases-in-the-Pathogenesis-of-Osteoarthritis
http://www.remedicajournals.com/International-Journal-of-Advances-in-Rheumatology/BrowseIssues/Volume-8-Issue-3/Article-Metalloproteases-in-the-Pathogenesis-of-Osteoarthritis

	Title
	Corresponding author
	Abstract 
	Keywords

	The Cre/lox (Flp /FRT) Recombinase System for GeneTargeting
	Targeting of mTOR

	RecE and RecT for ET Cloning, and their Equivalents
	Enzymes that Prepare the Ends of DNA Fragments forSequence-Directed Alignment for “Cold” Cloning
	Zinc Finger Nucleases (ZFNs) for Correction ofDisease- Model iPS Genome
	β-Galactosidase Enzyme for Fragment ComplementationAssay Technology
	Enzymes Shining on Targeted Genes
	Figure 1
	References



