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Introduction

The amino acid, 2,2’-diaminopimelic acid
{(A,;pm, also known as DAP) is still the most po-
pular marker for ¢stimating the bacterial biomass
content of digesta within thc gastro-intestinal
tracts of ruminant animals. Yet douhis about its
accuracy continue, not least because of its known
in vitro metabolism by rumcp microorganisms
{Onodera et al, 1974; Masson and Ling, 1986;
Denholm and Ling, 1989). The work presented
here is part of a study of the tn vivo mclabolism
of A;pm.

Materials and Methods

Three mature, wether sheep were each fitted
with a permanent cannula in the mumen and re-
entrant cannulas in the proximal duodenum. The
daily dietary allowance was 600 g concentrate
plus 500 g chopped hay {fresh weight basis) offer-
ed in two equal feeds at 09:00 and 16:00 h. Water
was avajlable at all times. The animals were housed
in metabolism cages under conditions of constant
light and temperature.

The experimental period lasted 4 days. On
days 1 and 4, at15:00h, samples of rumen digesta
were remaved and isolates of mixed bacteria were
prepared as described by Ling and Buttery (1978).
Cells of the bacterial mutant, Recillus magateriumi
GW1 were radiolabelled with [PH]A,pm and
harvested as detailed by Denholm and Ling
(1989). On day 2 at 09:00 h, 3.4 g DM [°H] A
pm-labelled 8. megaterium GW1 cells were infused,
as sinple shots, into the rumen of each animal.
‘Throughaut day 2, total duodenal digesta was
collected by methods similar to those of Ling and
Buttery (1978).

Samples of duodenal digesta were mixed with
equal volumes of pieric acid (20 g per 1) for 12 h
at 4°C before centrifugation {30,000 g for 20 min

at 5°C) produced deproteinised supernatants.
Picrate was removed from these by column chro-
matography and they were further processed by
the methods of Masscn and Ling (1986). Superna-
tants were stored at —20°C; rumen bacterial iso-
lates and samples of unfractionated duodenal
digesta were freeze-dried and stored in desiccators
at 4°C.

Samples were acid-hydrolysed Dby refluxing
with 6 M-HCI for 22 h and subsequently prepared
according to the methods of Ling and Buttery
{1978). Concentrations of A,pm were measured
by using either a standard amina acid analyser
clution system with the addition of a soedium
citrate buffer {pfl 3.80) to separate A,pm from
methionine and detection by ninhydrin, or by
clution at 62.5°C with a single buffer (pH 3.66)
and detection by acid ninhydrin. Total N was
determined by the Kjeldahl method.

Results

The Aspm content of the rumen bacterial iso-
lates produced on days 1 and 4 varied from 2.83
to 5.21 g Ao,pm-N per kg total N, but there were
no significant differences {p > .05) due to either
animals or times of sampling.

The total A,pm contents of dundenal digesta
samples were determined from unfractionated,
acid-hydrolysed, freeze-dried digesta; analysis of
acid-hydrolysed, deproteinised supernatants gave
measures of A, pm as peptidyl plus free acid forms
and deproteinised supernatant samples were used
to assess the free A, pm concentrations. The diffcr-
ences between fotal A, pim and peptidyl plus free
A;pm, namely the A,pm contents of the picrate
pellets, were assumed to be measures of A,pm
associated with cither whole or large fragments of
bacterial cells.

Figure 1 shows the patferns of mean A,pm
concentrations in these digesta fractions; no signi-
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Figure 1. Mean concentrations of total A, pm (m),
peptidy' plus free A;pm {0} and free
A,pm {4) in duodenal digesta of sheep.

ftcant differences (p > .05) due to amimals were
evident. The 2 h post-infusion maxima were pro-
bably due in part to the rapid passage of some B.
megaterium GW1 related material as well agsa 2 h
post-feeding cffect. Nevertheless, A,pm contri-
butions originating from romen bacteria (as
opposed to those from thc mutant) must have
heen subsiantial because A,pm from XK. mege-
terium GW1 cells would be either nil or minimal
in the pre-infusion (that is,—1 h) and the 12 to
24 h measurements, yet the patterns of A,pm-
containing compounds persisted.

Peptidyl plus free forms of A,pm, expressed
as a propartion of the total A;pm varied from
29.9 to 71.0% throughoul the sampling period.
Free A;pm constituted 0.] to 5.6% of the total
A, pm.

Discussion

Denholm and Ling (1989) have demonstrated
that the i vitro degradation of A, pm-containing
bacteria by rumen microarganisms can be ex-
tensive, This present study confirms 2 similar pro-
cess occurring {n vivo. Thus A,pm contained in
duodenal digesta is not all closely associated with
bacterial cellutar material. Indeed, based on the
differcnce between the total A,pm and the pep-
tidyl plus free Aspm data reported here, an
average of only 50% is.

These observations have implications for the
use of A,pm as a marker of bacterial biomass.
Firstly, if some fractionation of duodenal digesta,
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such as solvent extraction or centrifugation,
occurs prior to acid-hydrolysis and A;pm analy-
sis, then underestimates of A,pm passage are
likely to occur. Secondly, since marker accuracy
depends upon a close relationship between the
A,pm bound in whole bacterial cells {as mcasured
in the rumen bacterial isolates) and the A,pm
contained in digesta, estimates of bacterial bio-
mass calculated from total duodenal A,pm mea-
surements that include (from 30 to 71%) soluble
A, pm in both peptidyl and free forms, will in-
evitably lead to inaccuracics,

{lonventional calculations relation A,pm and N
in rumen bacterial isolates to A,pm and N in
duodenal digesta, showed that in these animals,
the mean ratio af bacterial N: total N in the digesta
was 0.77 = 0.153 (mean = ST of 12 ohservations).
The fact that this value seems ‘reasonable’ should
not necessarily be interpreted as being ‘realistic”.
The considerable metabolism of bacterial cells
that occurs between ithe
duodenum

rumen and proximal
with thc production of numerous
A, pm-containing complexes, shouid give cause to
question the accuracy of A;pm as a bacicrial
biomass markcr.

{Key Words: Diaminopimelic Acid, Bacterial Bio-
mass Marker)

Literature Cited

Denholm, A K. and J.R. Ling. 1989_ 1n vitro meta-
bolism of 2,2-diaminopimelic
Gram-positive and Gram-negative bacterial
cells by ruminal protozoa and bacteria. Appl.
Environ. Microbicl. 55:212-218.

Ling, J.R. and P.J. Buttery. 1978, The simultane-
ous use of ribonucleic acid, *° 8, 2,6-diamino-
pimelic acid and 2-aminocthylphosghonic acid
as markers of micrakial nitrogen entering the
duodenum of sheep. Brit, J. Nutr. 39:165-
179,

Masson, H.A. and J.R. Ling. 1986. The tn vitro
metabalism of fiee and bacterially-bound 2,2>-
diaminopimelic acid by rumen micro-organ-
isms. J. Appl. Bacterio). 60:341-349.

Onodera, R., T. Shinjo and M. Kandafsn. 1974,
Farmation of lysine from o€ diaminopimelic
acid contained in rumen bacierial cell walls by
rumen ciliate protozoa. Agric. Riol. Chem, 38:
921-926.

acid fram



