
View All Proceedings Next Conference Join NZSAP

New Zealand Society of Animal Production online archive
This paper is from the New Zealand Society for Animal Production online archive. NZSAP holds a regular

An invitation is extended to all those involved in the field of animal production to apply for membership of
the New Zealand Society of Animal Production at our website  www.nzsap.org.nz
 

 

The New Zealand Society of Animal Production in publishing the conference proceedings is engaged in disseminating

information, not rendering professional advice or services. The views expressed herein do not necessarily represent the views

of the New Zealand Society of Animal Production and the New Zealand Society of Animal Production expressly disclaims any

form of liability with respect to anything done or omitted to be done in reliance upon the contents of these proceedings.

This work is licensed under a  Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License.

You are free to:

      Share— copy and redistribute the material in any medium or format

Under the following terms:

     Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made. You may

do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

     NonCommercial — You may not use the material for commercial purposes.

     NoDerivatives — If you remix, transform, or build upon the material, you may not distribute the modified material.

http://creativecommons.org.nz/licences/licences-explained/

 

http://www.nzsap.org/proceedings/browse
http://www.nzsap.org/conference
http://www.nzsap.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Proceedings of the New Zealand Society of Animal Production 1990, Vol50 407 

Adsorption of DNA to the sperm of rams, bulls and fallow bucks 

A.J. PETERSON, K.M. SCHOFIELD AND R.R. MCLAUGHLIN 

Ruakura Agricultural Centre, Ministry of Agriculture and Fisheries, Hamilton 

ABSTRACT 

As a pm-requiste to examine the possibility of using spermatozoa as a vector for the incorporation of foreign DNA into livestock, the ability 
of sperm from sheep, fallow deer and cattle to bind exogenous DNA was examined. 

The DNA was obtained from the plasmid pMK1 linearised with EcDRI XhoI and end-labelled with ‘aP. Fresh sperm from all species 
bound DNA with maximum binding occurring after 1 hr of incubation. Frozen sperm bound less DNA and formaldehyde treated sperm did 
not bind. Seminal plasma inhibited binding as did heparin and also high divalent cation concentrations. Capacitated ram sperm bound more 
than uncapacitated (64% vs 40%) and uterine fluids from sheep two-days post-estrus did not interfere with DNA binding to the capacitated ram 
sperm. 

Increasing the concentration of washed capacitated ram sperm from 1 x W/ml to 30 x loS/ml and with a DNA concentration of 0.25 
mg/ml decreased the number of molecules of DNA bound from 38,000 to 1,600. There was wide variation among rams in the percentage of 
DNA bound after 1 hr incubation, ranging from 15-80% (nk7). 

These results suggest that this procedure may be. a possible method for the incorporation of foreign DNA into livestock by intrauterine 
insemination. 

INTRODUCTION 

The most widely used technique for the production of 
transgenic animals requires the use of labour-intensive 
microinjection of foreign DNA into the pronuclei of 
individual fertilised eggs: a technique that requires 
expensive, specialised equipment. In addition, in the 
case of sheep and cattle, visualisation of the pronuclei 
is difficult and confined to only a few critical hours after 
conception. 

A recent report described the production of 
tmnsgenic mice using spermatozoa as vectors for in- 
troducing foreign DNAineggs at fertilisation(Lavitrano 
et al., 1989). Using an in vitro fertilisation (IVF) 
method with subsequent implantation into surrogate 
mothers a success of 30% was reported with a potential 
of generating some five times moretransgenic offspring 
than with the micro-injection method. 

Two other reports suggest that the DNA ad- 
sorption procedure may produce transgenic animals. 
Brackett et al., (1971) presented the first, although in- 
direct, evidence of sperm mediated transfer of viral 
DNA into rabbit embryos after intra-uterine artificial 
insemination. More recently, Arezzo (1989) reported 
that transgenic sea urchin blastula can bc produced if 

the eggs are fertilized with sperm incubated with for- 
eign DNA. In neither report however, was any evidence 
of chromosomal integration of the foreign DNA given. 

The present experiments were performed to 
examine the dynamics of DNA binding to the sperma- 
tozoa of sheep, cattle and deer. This was a pre-requisite 
to examine the possibility of using spermatozoa as a 
vector for the production of transgenic livestock in 
conjunction with intra-uterine artificial insemination. 

EXPERIMENTAL 

DNA The DNA used was obtained from the plasmid 
pMK’. This consists of the mouse metallothionine-1 
gene fused to the coding sequence of the thymidine 
kinase gene isolated from the herpes simplex virus, type 
1. This construct was inserted between the EcORI and 
PvuII sites of pBX322, a high copy number variant of 
pBR322(Stuartetal., 1984). Theplasmid waslinearised 
with EcORI and XhoI and end-labelled with 32P 
(Sambrook et al., 1989). 

Spermatozoa 

Freshejaculatedram andfallow dcersemen wasobtained 
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from the Al3 Centre at Ruakura. Sperm density was 
determined by spectra-photometry immediately after 
collection. Samples were transported in sealed cen- 
trifugation tubes in a thermus container at 37’C. Fresh 
bull semen was obtained from the NZ Dairy Board AB 
Centre, Newstead, N.Z.. 

Incubations 

The fresh semen samples were prepared in phosphate- 
buffered saline supplemented with 0.3% bovine serum 
albumin (PBS, pH 7.0). Calcium ion concentrations 
were modified by the addition of CaCl, to a final con- 
centration of either 1 or 10 mM. 

Initial experiments indicated the presence of 
seminal plasma in the incubates caused a marked re- 
duction in the amount of 32P bound to me spermatozoa. 
Accordingly, individual ejaculates were suspended in 
10mlPBS,mixedgentlyandcentrifugedat2OOgfor10 
minutes. The supematents were aspirated and the 
procedure repeated. The final sperm pellet was gently 
resuspended in 1 ml PBS then diluted into the required 
volume of PBS to give a final concentration of 2 x 106/ 
ml. 

In experiments to assess the effect of capacita- 
tion on binding of the foreign DNA, individual ejacu- 
lates were left for 0, 1, or 2 hours at 37°C before washing 
and diluting. The effects of adding increasing amounts 
of thepolyanionic competitor, heparin to theincubation 
media was measured by adding increasing concentra- 
tions of heparin from 0.004 to 40 mg/ml either simul- 
taneously with washed capacitated ram sperm and 
labelled DNA or 30 minutes after the mixing of the 
sperm and DNA. 

In experiments to determine if the foreign DNA 
was incorporated into the sperm or bound to the 
membrane surface, washed capacitated fallow deer 
sperm was incubated with labelled DNA for 30 minutes 
before the addition of the enzyme DNAase (20 ml of a 
0.5 mg/ml solution in PBS; Promega, Wisconsin, 
U.S.A.). Binding was assessed for a further 60 minutes. 
These experiments contained an extra set of control 
incubates with the same magnesium ion concentrations 
as those in the DNAase incubates (10 mM). 

Peterson et al - DNA BINDING TO SPERM 

To assess whether uterine fluids would affect the 
binding of DNA to sperm, uterine flushings from 20 
ewes collected surgically on days 1 and 2 after oestrus 
were combined, centrifuged and the supematent freeze- 
dried. The lyophilised material was reconstituted in 
PBS to l/l0 of its original volume. This was then 
incubated simultaneously with labelled DNA and ca- 
pacitated and washed ram sperm for 90 min. 

The effects of incubating sperm and DNA in the 
presence of high protein and calcium ion concentrations 
such as used in current ovine in vitro fertilisation 
protocols were determined by supplementing the incu- 
bation media with 20% sheep serum and either 1 or 10 
mM calcium. 

The variation in the ability of sperm from indi- 
vidualrams to bind labelled DNA was assessed in seven 
individuals. Fresh, capacitated and washed sperm was 
incubated with labelled DNA and the amount of DNA 
bound after 60 min measured. 

Determination of bound DNA 

The 32P-labelled DNA (0.25 mg_/ml) and sperm (2 x 
106/ml) were mixed and incubated at 37°C on a shaker. 
At 5, 10, 15, 30, 60 and 90 min intervals 1 ml was 
aliquoted in duplicate and centrifuged at 200 g for 5 
min. The supematants were aspirated and the sperm 
pelletresuspended in 1 ml PBS, recentrifuged for 5 min 
as above and the supematant removed. This process 
was repeated twice. The washed sperm pellets were 
solubilised overnight with 0.4 ml NCS solution 
(Amersham,England) and then transferred with rinsing 
into scintillation vials and the radioactivity measured in 
b-Scintillation counter. 

In allexperiments, control tubes containing only 
labelled DNA and buffer were run in duplicate. 

RESULTS 

Allowing ram semen to stand for 2 hr before washing 
and incubation caused significantly more DNA to be 
subsequently bound to the sperm (Table 1). This 
observation was confirmed with fallow deer and bull 
SpXTl. 
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TABLE 1 % DNA (zb se., n=4) bound to sperm left for 0,l or 2 

hrs before dilution and washing. Sperm and DNA concentration 30 
x 1OQnl and 0.25 mg/ml respectively. 

TABLE 3 % DNA bound in the presence of high protein and 

Ca++ concentrations 

Time (minutes) 
5 15 30 60 Treatment 

Time (minutes) 
5 30 60 

0 hr 10 (3) 20 (6) 25 (6) 27.5 (6) Sperm + 1mM Ca ++ 2.4 4.8 4.2 

1 hr 15 (5) 35 (6) 45 (6) 51(8) sperm+ lOmMCat+ 2.1 21 19.5 

2hr 28 (6) 45 (8) 56 (5) 63 (6) lOmMCa++ 4.8 21.9 17.5 

TABLE 2 Displacement of labelled DNA from ram sperm by (a) increasing concentrations of heparin (T=O; DNA and heparin added 

simultaneously;T=30, spermandDNAincubatedforfOminutesbeforeadditionofheparin)and(b)bytheadditionofDNAaseandthepresence 
of 10 mM mgt+ in fallow buck sperm. 

(4 Heparin Concentration (mg/ml) 

% DNA bound 0.004 0.04 0.4 4 40 

T=O 100 100 44.2 8.2 4.1 

T=30 100 100 85.8 22.1 13.1 

($1 

Control 
+DNAase 
+ IOmM++ 

-25 
11 

-20 
15 

-15 
18 

Time From DNAase (min) 
0 +lO +20 +30 

25 29 31 34 
26 1 0.5 0.2 
28 5 3 4 

Adding increasing amounts of heparin to the 
incubation media progressively displaced more labelled 
DNA from the sperm. If, however, sperm and the DNA 
were incubated for 30 minutes before the addition of 
DNA, more DNA remained subsequently bound (Table 
2a). Within 10 min of adding DNAase to fallow deer 
sperm incubates almost all of the labelled DNA is 
removed from the sperm. In these experiments DNA 
was even removed in the presence of 10 mM magnesium 
in the buffer (Table 2b). 

Incubating labelled DNA and sperm for 90 min 
in the presence of sheep uterine fluids had no effect on 
the binding of the DNA to the sperm; 14.2 zlz 2.6% being 
bound in the absence and 12.9f 3.1% (*SD, n=4) in the 
presence of uterine fluids. 

Incubating sperm and DNA using high protein 
and calcium ion concentrations had a deleterious effect 
on the binding of DNA to the sperm (Table 3). These 
high concentrations of calcium precipitated DNA even 

in the absence of sperm. 
There was a wide animal variation in the amount 

of DNA bound ranging from 17 to 80% after 60 minutes 
of incubation (Table 4). 

TABLE 4 Variation among rams in % DNA bound after 60 min 

incubation 

Ram 
1 2 3 4 5 6 7 
17.4 40.3 42.7 62 65 68.6 77.7 

DISCUSSION 

The present experiments indicate that foreign DNA 
does bind to capacitated and washed sperm from rams, 
bulls and fallow bucks. Uterine fluids do not appear to 
affect the binding of foreign DNA but the binding is 
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markedly reduced in the presence of heparin and high 
protein and calcium concentrations. Although the uterine 
fluids of sheep do contain proteins, glycosaminoglycans 
and calcium (Leeet al., 1986) the concentrations would 
appear too low to interfer with the sperm-DNA’binding 
once the DNA has beenadsorbed. Using DNA-adsorbed 
sperm to generate transgenic livestock is, therefore, 
incompatible with current in vitro fertilisation/matu- 
ration procedures used to produce sheep and cattle 
embryos. However, the method could be assessed 
using it-ma-uterine artificial insemination. The wide 
among animal variation in the ability to bind DNA 
suggests that before this procedure can be tested to 
generate transgenic livestock,carrier spermatozoa must 
be screened before use. 

The data does not indicate if DNA is preferen- 
tially bound to specific regions of the sperm. Lavitrano 
et al., (1989) stated that in mice most of the foreign 
DNA is localised in a specific portion of the sperm head 
and that extensive washing with dextran sulphate re- 
moved only about 50% of the foreign DNA suggesting 
a stable incorporation. Bracket et al., (197 1) showed 
that 30-35% of rabbit sperm were capable of incorpo- 
rating 3H-labelled DNA on the postacrosomal cap re- 
gionofthesperm. Interestingly,Handrowetal.,(1984), 
using a fluoresence label, have shown, that heparin 
binds preferentially to the tail and midpiece of bull, 
monkey andrabbit sperm. Since heparin, (more strongly 
polyanionic than dextran sulphate), high magnesium 
and calcium concentrations and DNAase do competi- 
tively remove DNA from ram and fallow deer sperm, 
the foreign DNA would appear to be membrane bound 
inthesespeciesandnotassuggestedbyLavitranoetuf., 
(1989) for mice, to have penetrated into the sperm head. 
Table 2 however, does suggest that foreign DNA may, 
under certain conditions be stably associated with ram 
SpelTtl. 

Although intensive work world wide using mice 
has failed torepeat the original observations of Lavitrano 

Peterson et al - DNA BINDING TO SPERM 

etul., (1989) usingbothinvifro fertilisation (Brinsteret 
al., 1989) and artificial insemination (Al-Shawi et al., 
1990), a recent report indicates that transgenic pigs 
have been produced by intrauterine artificial 
inseminations using DNA-adsorbed spermatozoa 
(Gandolfi et al., 1990). Thus further work into the 
production of transgenic livestock using spermatozoa 
as vectors may be warranted. 
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