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SUMMARY: The free nucleotide content of red blood cells from heifers
was determined by column chromatography on the day of birth and at 1,
3, 6, and 12 months. Uric acid riboside, which was relatively low on
the day of birth, was the major ultraviolet-absorbing compound in the
nucleotide pool at 3 months and at the later sampling times. The con-
centration of UDPglucose, UDP-N-acetylglucosamine, ATP, GTP, and UTP
decreased between the day of birth and 1 month and between 1 month and
3 months. The concentrations of these nucleotides were the same at 6
and 12 months as they were at 3 months. The concentrations of NAD,
AMP, UMP, and IMP also decreased with time; the concentration of NADP
was practically constant.

Although UAR! was reported to be the major ultraviolet-absorbing
compound in the erythrocytes of cattle (1, 2), UAR was not present in
the blood of cattle fetuses (3). The red blood cells of fetuses of
cattle also contained higher levels of ATP, UTP, GTP, UDPglucose, and
UDP-N~acetylglucosamine than red cells from the mature animals (3).

The present study was conducted to ascertain the nucleotide composition
of red blood cells of newborn calves and to determine when the changes
in levels of UAR and other nucleotides occur.

METHODS: Three female calves that were produced artificially with semen
from Simmental bulls and out of crossbred Charolais x British cows were

used in this experiment. The calves were born between May 24 and June 3,
1975. On the day of birth and when the calves were 1, 3, 6, and 12 months
old, 20 to 40 ml of blood was collected from the jugular vein in tubes
containing EDTA. The blood was cooled in an ice bath and in less than

30 min 1t was taken to the laboratory. There it was immediately centrifuged
in a 40 m1 centrifuge tube at 2300 g for 10 min in a model RC-3 Sorvall
centrifuge with a no. HG-4L swinging bucket head. The red cells were
washed twice with 0.9% sodium chloride and the supernatant solution re-—
moved by aspiration; on the last wash, the buffy coat of white cells was
removed. Washed red cells (5 to 15 ml) were added to 10 volumes of ice-cold

1Abbreviation ;s UAR, uric acid riboside
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FIG. 1. Column chromatography of the cold TCA-soluble fraction from
15 ml of red blood cells from a newborn calf (**-+*) and from a 6
month old heifer ( ). The runthrough (RT) is the material not
absorbed by the column. The absorbance was measured at 260 nm.

6% trichloroacetic acid and after 10 min, the extract was centrifuged.

The supernatant solution was extracted 5 times with equal volumes of

cold diethyl ether saturated with water to remove the trichloroacetic
acid. The ether remaining in the samples was removed by aeration, the

pH adjusted to 7 to 9 with 1 N NH,OH, and the samples lyophilized. Once
dried, the samples were dissolved in 10 to 20 ml of water, diluted, and
the spectra determined with a Beckman model 25 recording spectrophotometer.
The remainder of the sample was applied to a Dowex-1 column from which the
nucleotides were quantitated and identified (2, 3). Typical elution
patterns of the nucleotides from red blood cells of a heifer on the day

of birth and at 6 months are shown in Fig. 1. Treatment means were com-
pared using Student's t-~test.

RESULTS AND DISCUSSION: The ultraviolet absorbance spectrum of the

trichloroacetic acid-soluble portion of the red blood cells of newborn
calves had a maximum at 259 nm with a shoulder at approximately 298 mm
(Fig. 2). When the heifers were 1 month old, there were absorbance
maxima at 259 and 298 nm. At 3, 6, and 12 months, the absorbance maxima

at 298 nm had increased and the absorbance maxima at 259 nm had decreased.
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FIG. 2. Ultraviolet absorption spectra of the cold TCA-soluble
fraction of blood from a newborn calf ( ); at 1 month (*****);
and 6 months (—-).

Only the spectrum at 6 months is given; the spectra at 3 and 12 months
were similar.

The changes in the absorbance spectra of the extracts of the red cells
were reflected in the changes that occurred in the nucleotide composition
of the cells (Table 1). The quantity of UAR was low in the samples from
the newborn calves and increased from day 1 to 1 month and from 1 month
to 3 months after which the content of UAR was unchanged. Because of the
large amounts of UAR present in the fractions that contained NAD and AMP,
it was difficult to obtain good quantitative data on NAD and AMP unless
they were also chromatographed on paper. However, the concentration of
both of these compounds decreased as the age of the animals increased.

The concentration of NADP in the red cells was the same at all sampling
times. The concentration of IMP and UMP was the same the first 4 sampling

times, but nelther was detected at 12 months. Uric acid ribotide was not
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detected on day 1, but traces of it were found at the other sampling
times. ADP appeared to decrease as the animals aged, although as re-
ported previously, the ADP values were more variable than most of the
nucleotides and the means were not significantly different.

The concentration of UDPglucose and UDP-N-acetylglucosamine decreased
about 357 between day 1 and 1 month. By 3 months the level of UDPglucose
and UDP-N-acetylglucosamine was about 5% of the value at day 1. Mandel (4)
has described the nucleotides of muscle and red blood cells as the energetic
type where adenine nucleotides predominate and the nucleotides of liver,
brain, and spleen as the metabolic type.with an abundance of nucleoside
diphosphate anhydrides. The red blood cells of the newborn calves had high
levels of UDPglucose and UDP-N-acetylglucosamine and resemble the metabolic
type of cells. 1In the red cells of older cattle, with the exception of UAR,
the adenine nucleotides predominate and resemble the energetic type of
tissue.

ATP decreased about 25Z from day 1 to 1 month, and then decreased to
about 50% of the value at day 1. The level of ATP has been reported to
be higher in younger human erythrocytes compared to older erythrocytes
(4, 5).

UTP and GTP decreased about 657 from day 1 to 1 month and at 3 months
had decreased to about 10% of the level of day 1. Brown et al. (6) re-
ported that higher order specles of animals had low levels of GTP and no
UTP; lower order species had high levels of GTP and detectable amounts of
UTP. The concentration of both GTP and UTP were high in both newborn calves
and in calves at 1 month of age, but reached much lower levels by 3 months
of age.

The nucleotide content of blood from cattle fetuses is markedly
different from that of blood of mature cattle (3). The present study
has shown that the nucleotide composition of the red cells of newborn

calves 1s different from that of older animals. Most of the changes in
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amounts of these nucleotides had taken place by the time the cattle were

3 months old. The significance of the changes in levels of the nucleotides
is unknown. Further studies are necessary to determine whether these
changes in nucleotide content are related in any way to maintenance of

the shape of the cell or of the binding of oxygen to hemoglobin (5).

ACKNOWLEDGEMENT: This investigation was supported by Hatch and State funds

of Auburn University Agricultural Experiment Station. The authors wish to
thank Dr. W. B. Anthony who supplied the heifers and Dr. Patricia Teer,

School of Veterinary Medicine, who took the blood samples.

REFERENCES

1. Davis, A. R., Newton, E. B., and Benedict, S. R. (1922) J. Biol.
Chem, 54, 595-599.

2. Smith, R. C., and Stricker, C. M. (1975) J. Anim. Sci, 41, 1674-1678.
3. Smith, R. C. and Stricker, C. M. (1976) Int. J. Biochem, 7, 479-482.

4, Mandel, P. (1964) Free nucleotides in animal tissues. Progr. Nucleic
Acid Res. Mol. Biol, 3, 299-334.

5. Brewer, G. J. (1969) in Biochemical Methods in Red Cell Genetics (Ynis,
J. J., ed.) 201-230. Academic Press, New York.

6. Brown, P. R., Agarwal, R. P., Gell, J., and Parks, R. E. (1972) Comp.
Biochem. Physiol, 43B, 891-904.

564



