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SUMMARY

Rabbit spermatozoa were incubated with liposomes containing plasmid DNA and insemina
ted artificially. A high percentage of the resulting offspring were proved to carry the 
transferred sequences. Gene expression was measured quantitatively and qualitatively. 
Transgenic rabbits, tested so far, transmitted the foreign sequences to the F1.

INTRODUCTION

Gene transfer via embryo surgery is difficult and expensive. Spermatozoa as natural gene 
vehicles provide a much more convenient transfer route. Sperm cells apparently do not 
uptake nude DNA fragments (Brinster et al. 1989). However, the incorporation of plasmid 
DNA into sperm cells is feasible using liposomes.

MATERIAL AND METHODS

Three plasmids have been used, all containing pUC18, the first "pNeo" carrying the 
neomycin gene in addition to the pUC sequences (without expression vector), the second 
"pSEAP" containing an expression vector with SEAP (secreted alkaline phosphatase) and 
the third "pSEAPNTS" containing the SEAP vector and NTS, a short sequence enabling 
the plasmid to integrate, or proliferate independent of cell replication (Wegner et al. 1991). 
The plasmid DNA was entrapped in liposomes using the detergent method, incubated with 
10 rabbit spermatozoa for 30 min at 37°C and inseminated artificially (Rottmann et al. 
1992). The offspring were screened for the transgene and for expression at 3 months 
of age. In order to prove the gene incorporation into spermatozoa and the transfer into 
embryos (offspring), PCR and Southern analysis were applied using blood cells and in 
some cases muscle tissue as DNA source. The gene expression was measured by using 
the SEAP assay (Berger et al. 1988) and demonstrated qualitatively by gel electrophoresis- 
100 tA serum were separated on a 1.5% agarose gel and the serum phosphatase was 
allowed to react w ith X-phosphate and NBT whereby staining occurs
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RESULTS

To show whether liposomes are able to incorporate the intact plasmid into spermatozoa, 
the DNA containing liposomes were incubated with freshly ejaculated sperm and washed 
four times to remove liposomes from buffer solution and from the cell surface. Then, the 
spermatozoa were analyzed by Southern blotting which displayed a considerable amount 
of plasmid DNA within the sperm cells (Fig. 1).
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5 : DNA of untreated sperm cells
6 : DNA of the sperm pellet after

incubation with DNA containing 
liposomes

A total of 49 offspring were born after insemination with liposome treated sperm. Thirty 
one youngborn (63%) could be shown to carry the foreign sequences displayed by 
Southern analysis and PCR, respectively. The four transgenics of the first group (pNeo) 
appeared to carry the plasmid in episomal form (Fig.2). Since the transgene could not be 
proved otherwise, the animals were mated and one female gave birth at 6 months of age. 
Screening the F1 the plasmid sequences were found in all 7 offspring (Fig.3).

Fig. 2

Southern blot of genomic DNA from 
transgenics # 8,13,16,18 (single cutter,
5.5 kb)

Fig. 3

1 : pUC18 (455 bp)
2 : PCR negative control
3 : rabbit negative control
4-10: littermates from pa

rents #18 x #16

Twenty seven youngborn (out of 31) were found to carry the plasmid sequences pSEAP 
and pSEAPNTS, respectively, as judged from PCR. Some of the offspring were investiga
ted for gene expression using the SEAP test. Figure 4 shows the SEAP levels in blood 
serum of nine randomly selected animals compared to the serum level of five control 
animals. The serum of one of the nine tested animals was compared with mouse serum
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by electrophoresis. Since the SEAP gene transferred derives from the mouse, transgenic 
rabbits should show the banding pattern of both species as demonstrated in Figure 5.

Fig.4

SEAP assay of 9 transgenic 
and 5 control animals

■  = transgenics

□  = control

The difference is significant 
(p < 0.05)

3
Fig.5

Alkaline phosphatase (serum)- 
. „{>. reaction with its substrate

f 1 = mouse serum
2 = rabbit serum (transgen.)

3 = rabbit serum (control)
4 = sera of mouse and rabbit mixed

DISCUSSION

The method for transferring genes via artificial insemination is very easy to perform. The 
treatment of sperm w ith DNA containing liposomes and their incorporation into the sperm 
cells did not influence litter size or other obvious reproductive traits, when applied proper
ly. The method is suitable for generating a high percentage of transgenic offspring.
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