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Short Abstract: (50 words maximum)

A highly efficient and simple method is shown to induce ectopic gene expression in mammalian embryos. The method describes the injection of covalently closed circular (ccc) plasmids into the cytoplasm of one-cell embryos. The plasmids persist at least until the blastocyst stage and onset of transcription is adjustable.
Long Abstract: (150 words minimum, 400 words maximum)

Injection of linearized DNA constructs into the pronuclei of fertilized mammalian eggs is a standard method for producing transgenic embryos and animals [1-3]. However, successful injection of foreign DNA into the pronucleus requires high technical skills and expensive micromanipulation equipment, and is tainted with a high ratio of lysed zygotes, due to the particular vulnerability of the pronuclei. In addition, zygotes of some mammalian species, such as cow and pig, contain high levels of colored lipids, which disguise the pronuclei [4, 5, 6]. To visualize pronuclei in these embryos, the zygotes are commonly centrifuged at 15 000 g [4], which may contribute to a reduced developmental capacity. 

Here, we show that injection of covalently closed circular (ccc) plasmids into the cytoplasm of fertilized mammalian eggs is a highly efficient and simple alternative for ectopic expression of foreign DNA in embryos [5, 7]. A broad range of plasmids could be successfully expressed in preimplantation stages, including plasmids and minicircles with a scaffold/matrix attachment region (S/MAR), conventional plasmids and a bacterial artificial chromosome (BAC) [5, 7, 8, 9]. Expression of fluorophore reporter genes, as well as functional genes, such as human telomerase could be induced [4, 7]. 

Although the foreign DNA plasmids are maintained as episomal entities during preimplantation development, they accurately behave like nuclear DNA and tissue-specificity of promoter elements was preserved. Onset of transcription of germ line and ubiquitours promoters coincided with the species-specific time points of major embryonic genome activation, and could be modulated by in vitro DNA-methylation. This approach allows an experimental access to reprogramming events in early mammalian embryos.

Protocol Text: 

1.) Amplification of ccc-plasmids
1.1) Amplify expression plasmids in XL10 or ER2925 bacteria, isolate plasmid DNA with ion exchange columns (Qiagen, Hilden, Germany) and resuspend in deionized water (Millipore).
1.2) Determine the DNA concentration and absorption curve by a NanoDrop device (Nanodrop).

1.3) Verify supercoiled confirmation by agarose gel electrophoresis, load 400 ng undigested and restricted plasmid samples in parallel. In addition, load one lane with 4000 ng plasmid sample and check for the absence of genomic DNA.

1.4) Store DNA at -20oC.

2) In vitro production of bovine zygotes

2.1) Collect bovine ovaries in a slaughterhouse, and maintain in an isolated container at 30oC in prewarmed saline solution.

2.2) Transport to laboratory.

2.3)  Slice ovaries with a razor blade device. Collect fluid in a petridish.

2.4) Collect cumulus oocyte complexes (COC) under a stereomicroscope (Olympus) and transfer in a new dish with TCM-air.

2.5) Mature COCs in TCM+BSA (0,1%) medium supplemented with eCG and hCG in a humidified incubator (Hereus), with 5% CO2 in air, at 39oC.
2.6) Next day, transfer 15 expanded COCs to 100 µl  drops Fert.Talp + HHE medium and add  105 frozen/thawed sperm cells per drop and incubate them again in a humidified incubator  (370C, 5 % CO2) for 18 hours.
2.7) After 18 hours of fertilisation put the zygotes in a 2 ml Eppendorf cup with TCM air and vortex them for 3 minutes to remove the cumulus cells. Collect denuded fertilized oocytes then in TCM-air drops now the zygotes are ready for microinjection. 
3) Cytoplasmatic plasmid injection (CPI) and In-Vitro-Culture (IVC)
3.1) Prepare ccc-plasmids in a solution of 10 mM Tris-HCl (pH 8.0) and 0.25 mM EDTA at a final concentration of 10 femtogram/nanoliter (fg/nl) each. Note that several plasmids can be combined, e.g. to co-inject a fluorophore reporter plasmid with a plasmid encoding a transgene of choice. Here, co-injection of two expression plasmids coding for EGFP and human telomerase (hTERT) were done.
3.2) Assemble injection capillary on a special puller. Use a capillary with a glas filament. 
3.3) Backfill injection capillary with plasmid solution (10 fg/pl).
3.4) Manufacture holding pipet on a microforge.

3.5) Assemble holding pipet and injection capillary on micromanipulation unit, consisting of two micromanipulators and a cell culture microscope (Zeiss, Axiovert 35 M)
3.6) Transfer groups of five embryos on a clear siliconised plate in PBS/BSA (mouse zygotes) or TCMair (bovine zygotes) and view under 200 fold magnification.

3.7) Suck individual zygotes with the holding pipette and push injection capillary through zona pellucida and the cell membrane into the cytoplasm. Note that bovine zygotes are opaque and the pronuclei can not be identified in the colored cytoplasm. Apply approximately 10 pl of plasmid solution into the cytoplasm using an Eppendorf transjector 5246 (Eppendorf, Hamburg, Germany).

3.8) Bovine embryos were cultured in groups of 5 injected zygotes in microdrops of SOF medium under silicone oil with reduced oxygen tension (5%) at 39°C for 7 to 8 days. 
4 ) Live fluorophore imaging in developing embryos
4.1) Evaluate the expression of the reporter fluorophore with  an inverse microscope (Zeiss) equipped with fluorescence optics for GFP. 
5) Quantitative fluorescence in situ hybridization (qFISH) of telomeres 
5.1) Use lysisbuffer (water with 0.1 % Tween and 0.1% 5M HCl) to spread the nuclei on a glass slide. 
5.2) Fix the nuclei with methanol and glacial acid (3:1). 
5.3) Label the telomeres with a 18mer peptid nuclei acid (PNA) conjugated with Cy5. The fluorescence signal is directly proportional to telomere length. For analyzing  the fluorescence signal you need a fluorescence microscope (Olympus BX 60), a 12-bit digital camera (Olympus DP 71) and the TFL Telo V2 (Programm from S.Poon and P. Lansdorp) [7]. 
Figures:  
Figure 1: Cytoplasmic plasmid injection (CPI) into opaque zygote
Figure 2: Expression of flurophore reporters after CPI
Figure 3: Onset of Oct4-EGFP can be modulated by in vitro methylation
Figure 4: qFISH of TERT injected embryos
Discussion: 
Here, we describe the development and validation of a modified DNA microinjection technique for the production of mammalian embryos with ectopic gene expression. The injection of ccc-plasmids into the cytoplasm of opaque zygotes turned out to be a simple, robust and reliable technique to induce transcription of foreign DNA and expression of fluorescent marker genes, as well functional genes. 

Plasmids and BACs seemed to be equally effective to evoke marker gene expression in embryos when equal amounts of 100 fg DNA were injected, although this corresponds to 20,000 plasmid molecules for a 4.7 kb plasmid and 500 molecules for the dsRed-BAC (approx. 210 kb). The large genomic sequences of the BAC somehow facilitates translocation to nucleus and promote expression. The ccc-conformation of the injected plasmids may help to stabilize them in the embryos. Due to their superhelical status, ccc-constructs might be better transcriptional templates than linear DNA. 
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	Stereomicroscope
	Olympus
	SZX16
	embryo handling

	Microinjector
	Eppendorf
	FemtoJet
	embryo injection

	Water purification, Microfilters
	Millipore
	MilliQ Synthesis A10
	water purification and filtration of plasmid solution

	Cell culture microscope
	Carl Zeiss
	Axiovert 35M
	embryo injection
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