COMPARISON OF D-ALANINE AND DIAMINOPIMELIC ACID
AS BACTERIAL MARKERS IN YOUNG CALVES'~"

1. D. Quigley H1* and C. G. Schwah
Universicy of New Hzmpshirts , Durham 03824

ARSTRACT

D-alanine (GAL) and dizminopimelic ecd {DAF) were compared a5 markers o csnmate progor-
tion of bacoerial N in wial N reaching the abmnmum of young calves. Slxoeen Holsten bull calves
fed compleee pellerrd stacver or unpelleted starter plis bay and wesned ax 4 or 8 wk of age were
fitred wich uminal and abomese) cannuelas and sampled rwice veckly from 2 to 11 wh of sg=. -
laved ruminal bacterial cells contsned more DAL than DAP at s weehs and syeraged 7.0 and
5.4 mg N/g N, respectively. Weekly mean marker coneenmadons were highly wimtlated (89) in
rmminal bacrerip. evcept at 3 wk of gge. Concemtragon of DAL io shomasal digesta was greacer
than that of DAP gr il werks and averaged 5.2 and 2.4 mg N/g N, respecrively, Weekly mean DAL
carpelated with DAF 61 in abomagal dipesta and correlated 57 aomi B9 with goarmer intake, pegpes-
tively. The propordos of bacwerial N in roral abomasal N was greater of all werhs when esdmaced
by DAL dran by DAP and aversged 77% xnd 45%, repectively . Estimates by DAL exceeded 100%
in seversl caes and reflecred large variagon in avalyricsl csdmares. Estimates by DAL and DAFP
correlated 33 wd .92 with staricy intake. D-alanime was no7 gn accepeable bacrerial marker in this

srudy.

(Kay Wornds: Calves, Bacveric, Markem, Alanine, Dununupnn:ﬁc pcid, Praotin.)

Introducson

Measurement of proportion of microbial and
dictary N reaching the lower put of mminant
animmals requires a techaique o megsure toral N
and at least one frecden of roral N accerarely
and preciscly. A numhber of marker wchnigues
are available; however, validity of any parricular
one is difficule o sstablish becauze no absolure
method exie= for quantirating amounrs af
microbial protein in vivo (Theursr, 1982). A
widely used method for estimarting concribution
of bacterial N o total N reaching the lower gut
is diaminopimelic acd (DAP), an amine acid
found in the peptidoglycan moicty of some
becrerial cell walls. Comparison of DAPto-N
ratios in olated bacrerigl cells and abomasel or
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duodenal digesta allows estimarion of propar-
tion of hacrerial N in roral N ar the sitc of
sampling. Discussions of DAP as a bacterial
mariter are in papers by Ling and Buitery
(1978), Stern and Hoower (1979), Siddons ¢t 2l
(1982} and Thenrer (1982), :

D-alanine (DAL} has been proposed recently
as 1 marker of bacterisl N in digesra of rami-
nants {(Garrert et af, 1982). D-alanine is found
only in pepridoglyecan and reichete aeid moi-
ctics of bacrerial cell walls; normally it is mor
presene in eukaryotic oslls  (Schliefer and
Kapdler, 19723 Unlike DAP, DAL is feund in
all bacreria conmaining peptidoglycan. Howeover.,
conrent of DAL in cells varies according ta coll
type and amount of peptidoglycan in cells, a
disadvantage to its use 39 a1 bacrerial marker
{Buttery and Cele, 1977; Ling and Buerery,
1978).

Repid rumimal developmenrt of young calves
fed dry feed from @ wh of age, as indicarcd by
ruminal pH, concenuutions of ruminal volatile
farry acids (WFA) and feed inrzke (Cmigley =t
al, 1985) suggested rhar che properton of bac-
terial N in abomasal N would change with
increasing dry feed inrake. Changing proportions
of bacteriyl N should permit adequare compari-
son of bacrerial markers. Our objective was w
compare DAL and DAP for estimating bacterial

738 1. Anim. Sci, 1988, &6 758753

e e e - -



BACTERIAL MARKERS IN YOUNG CALVES 759

N in total abomasal N in calves fed diets of
complete pelletcd starter or unpelleted stacter
plus hay from 2 to 11 wk of age.

Exymrisnutal Provears

Sixpeen Holstein bull calves were assigned to
a factoria) armngement of starcer (couyplere pel-
leted vs unpellered starter plus hay) and weaning
age (4 v 8 wk) as reporced by Cmigley et al.
(198%). Calves were firred with ruminal snd
ahomassl cannuls a1 an average of 1 wk of ege.
Rigmingl, fuid and abomasal digesta were col-
tecred pwice werkly from sach calf and pooled
ta form weckly samples from 2 to 11 wk of zge
o5 in Coigley et al. (1985} Runiinal foid was
straincd through Two layers of cheewecloth, and
spprosximarely 200 mi were centrifugen ar 1,500
% g to remove feed parriches The sipernstant
fnid wis tramferred o clean botties xod cenri-
fuged a7 26,500 x g; the mwltng precpitate
wxs remuspended in 200 mi methanal aod; re-
cetirifiged | 31 26,500 X g. Precipitared hac-
verial) el wers dried in a2 comvecion oven
#5600 10 2 constant weight, ground vhrough 2
64-mm screen 2ad swored in ghus vialy unl
snzlyzed (Quigley et al, 1985). Ferd intake,
growth rates, raminal ¥FA snd amino acids in
mmina bacreria amd abomasal digests were
reporved. previously (Quigley et al., 1985).

Nicogen in buetemial cells and abomasal
digesta ‘were detetmined in duplicare by Kjeb
dzh) procems. At each week, samples of solared
bacterial cells and abomasal digesta obtiined
frormm caives reveiving similar earments were
pooled, resulting in-composite samples of
bacrerizl cclls and abomassl digesta for each
trearment and week., These composite samples
were analyzed for DAP and DAE. Diaminopi-
melic acid was analyzed as reported by Quigley
&t 3l (198%). Samples for DAL analyss were
hydrolyzed by addition of 68 HCl to approxi-
matdy 50 and 108wy of bacterial cells and
abomasal digesta, respectively, in the ratio of 1
ml HCL/20-mg sample. Tess tubes were evaco-
s1ed, sealed, incubated at 108° C for 24 b and
dried over NaOH pellets and H;50,. Rmidaes
were dissolved in 2 ml (bactem) or 1 ml
{digesta} of H,0, firered through 2 22-um
filrer and stored at 4° C until analyzed.

* Sigma Chemical. St. Lo, MO,
M‘;wmmw Bicchernicaly, Millipore Corp., Free
. NT.

Dealznine in hydrolyzed samples wag dever-
mincd in miplicare by a modification of Garrenr
et al. (1982), D-alattine released by hydrolysis
was oxidatvely deaminated in st tubes by
adding 100 ;d of hydrolysate ro 1.58 ml oxygen-
ared sodium pyrophosphare buffer, (26.21 g/
liter Hy0), 5 pl flavin adenine nucleotide solu-
tion® {1 mgp/miH;0), 10 i catatase” (.5 mg/ml
H;0) and 10 g D-amine acid oxidasc® (5 g
prtein/ml). Contents were mixed and ubes
were placed in z 39 C warer bath for 2 h.
Every 20 min, tubes were bubbled with oxypen
for 3 5 Pyrovare formed was reduced by
adding, 1 ml of dexmination mixture to 196 ml
of triethanolamine ‘buffer® (2 MAicer, pH =
8.0, product 663—5) with ethylenedigmincte-
magcetic acid and 60 pi nicotinandde adenine
dipnedeoride® (10 mg/ml) in a specarophare-

meeer  caverte, Conrents of the cuverre werc :

mixed gnd aBowed to equiibraie; absorbancc
was determined ar 340 nm. Fourreen gl of
lactate dehydrogenase’ then were injected and
after 90 & Change in absorbance was. cormecied
for endogenous pyravate by rcpeaung, analysz
in tﬁpﬁnmwithbmﬁnunﬁduﬂdmmmd
by water. Standards werc prepared by diluting
DAL 1o concentrations of 5, .4, 3, 2, .1, and
0 mg/ml. Srandard curves were compured
before and after eich scries of 20 unknowns
was analyzed.

Means for bacterial and abemassl N were
analyzed n a splitplor experimental disign
with treatment as mazin plor and age as subplor
(Steed and Tomie, 1960). Nirogen data are
least-squares means Bacterial and abamasal
DAL and DAP euch were compared by paired
rtext ar each weck and poaoled for all wecks
{SAS, 1982}, Effect of wearment an DAL
and DAP concentmation in abomasal digesta znd
bacterial cells was not analyzed stristcally due
1o pooling of sampiles beforc analysis.

Ry ltn s g i

Bacterial N in isolated bacterial cells was nor
sffected by age of calf or treatment (P > .05}
it ranged from 6.9% 1o 2.1% and sveraged 8.2%
of dry mawer (DM). Bacterial N from mixed
ruminal bucteria has been reported o be
constant under a variety of conditions, zlthough
Meallan and Smirh (1977) reported changes in
protein contenr of runinal bacteria with time
after femding. Smith and Mcallan (1974)
reporred licde difference in N content of
ruminal bscteria from sheep and cows fed
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varying amonnts of concentrace amd toaghage
Average N in ruminal bacteriz was 7-2% of DM
in sheep and 7.3% in cowe (Smith and Mcallan,
1974).

'Drafanine’ N i isolated bacrerial cells averaged
7.0 mg/g N and ramged from 4.5 to 8.3 mg/g
bacterial N (Figure 1), Garreer ct al. (1932) re-

10.1 mg DAL Nngmmthnmm
tealated Fram mature crrtle fed alfalfa bay, com
grain, oat SEAW, soybean meal and urea. Protin
in bacterial cells in their stody sveraged 36.5%
of DM. Griefe er al. {1985) repormed 3.8 my
DAL N/g bacrerial N in cows fed badey, grass
silage, and soybean meal; DAL wis determined
by ges-liguid romarography.” - ‘

Cunctnmmn of DAP N in Bolated bacrerial

cells diveraged 5.4 migly W, sishilar to bacreria
molated from carde {El-Shazly and Hongate,
1964; Garrert et al., 1982; Theurer, 1982) and
eglvey (Nikolic and Jovanavic, 1973 ), bor lower
than that in roninad bicheria isolaved by others
(Horton et al., 1971; Cockburn and Williums,
1984, Ribrieira’ 284 Thinirer, 1986, Range of
DAPN (37w 7.3 N Figure' 1) veds-sdighe
I bess' than the rabge | rmﬂsmygmnmd
by Cockbmm and Willizms (1984). At P Swk
of age! DAPN condimirtidion was low (£.5 ing/g
M), pmhuhly due @ m:nmplmu exmablmhment
of the bucrerial flora it calves it this sge. Thar
DAL N concencation in soleted bacrercial oefls
was grearer (P < .01) than DAP N wis expecred;
DAL is normally found in greater concentration

o minad sl bl /'y Tolet skcagen
-
L
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Figure 1. Weekly mean Dxlanine {DAL) snd dismi-
mophoelic acid (DAP) - rumin bacreris of oalves
from 2 oo 11 wi of age
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in bacterial cells. Many species of ruminal
bacteria comraiming peptidogtycan (and thus
DAL) do net contuin DAP. Datz of Hoogenraud
and Hird (1970) indicare more DAL than DAF
in isolared rommnal’ bacveria from sheep fed
graws. Coaient of DAP N in raminal bacgeria
has beesr discosesd by Work and Dewey (1953),

'Weekly maan concentration of DAL N in
isolared bacrerial cells, mereased from 4.5 mg/g
N at 2wk of ape to 8.3 mg/g N at 3 wk of age;
thereafrar concentyation was varabde antil the
sindy ended (Figure 1). Comesponding wesldly
meamy for DAP varied with DAL N coposnrm-
tigsr after ineceusing from 3.7 mg/y N ar 2 wk
of age to 4.9 mg/g N at 5wk of age. From 5 wk
of age ro the end of tre wial, both DAL N and
DAP N vared simslarly:, Venation'in DAL and
DAP immolaved bacrerial cellx did mot Appesr o
be canged by DAL, DAR or ¥ snaiyses Nom-
peproesentacive mampling, or changing popula-
tiors of rensimat bacteria in young calwes, may
aecoupr for this varigrion. Ling and Buerery
(1978} reported wide: vamiarizn i conceliiration
of BAP M in tolated muminat bacteria, sreribuged
m the wide range of aminel esvironments
exipzing. duting’ the experiment. Smnilzrivy of
paceern of both DAL N and BAP Nin isclaced
bacrerial echls (Frrere 1) sugpesss that, dlthough
populatiors of bacreria in young calves changed
with buoth advencing age and increasing feed
iorake, ravio of BAL o DAP in pepddoglycan
of baorerial cdls did not vary markedly exespt
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Figute 2. Searmor disgrarn of D-alagine (DAL) and
dinmriewpirelic acikd (DAP) in moitsd. ez of
cziva from 2 1o 11 wk of agr.
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at, 3 whk of age (Fipure 2), Rarin of DAL o
DAPF at 3 wk of age deviared from regression of
DAL oo DAP (P < .07) and was excluded from
the regression i Frgure 2. D-alanine and DAP
in isolated bacrerial cells wich azd withour wk 3
corpedared 66 and .29, respectvely. Rumimal
hyrreria of wery young calves may vary marked-
ly from . bacteria cypical of mature, ramminants.
and may change during development of matare
meming funcrion (Anderson et al.; 1986) It =
probahle chat bacteris isolared ax whk 3 conraimed
a larpe pontin of thess bacreria. Contemt of
ather amine acidx in ruminal bagteria were
conszant throughest the study (Quigley et af,,
1955) suggesting that the parrern:of smino
acids, coniibwied by memingl  bacreria was
constant throughonr mminal development
Marked flucruadon in conrent of DAL N and:
D&P N in wolived bacterml colls dlosirates
ciearly the ncvessity of measuring' marier
contomt iy becresix when esimating bacteml
contitbucion; o vopsl M reaching the lower guc.
., MiErogen in abomaxnal digesta averaged 3.9%
of DM and' decreased (P < .05} from 4:4% to
3.4%: of DM from 2 10 6wk of age, respectively.
Nitrogen incressed from & o 7 wk of age:
thereafrer iv was refacvely constant.. Excentased
N in abomaw! digomm moflecs lower N oin
starvery and fray chan m miik.

Concrmtration of DAF N in sbomysal digeta
averaged. 2.4 mgl/g N 2nd ranged. from. 4 w 3.5
mgig N ar 2 amd 8 wh of age, rexpectivedy
(Figre 3). As expecped, the amoont of bacterial
marker in abomasal digesta increased with
increasing starter ntake. It is likely rhat fermen-
tation in the mnen of yeung cives fed com-
plee diers was limited by available sabstrase
during the rizl. Weekly mean abomasal DAP N
concentation comelared 8% with incrasng
starrer inmke and was indicative of maroring
raminal function.

Concentation nf DAL N in jhomgsal d
way grepter cthan that of DAP NP < 01) at alt
weeks and averaged 5.2 mg/g N. Weekly mcan

concentradion of DAL N in abomasal dipesta’

increasad from 3.3 mg/g N at 2 wk of age 10 5.4
mg/g N at & wk of agc (Figure 3) ind comelared
£} and .57 with concenwation of DAF N in
abomasal digesta and srarter intake, respecrively.
Av-wk 7 and 9, comemmoon of DAL N in
abomasal digests exceeded that in solated
hacrerial cells; abomasal DAL N zppmuhcd
hacterial DAL N'az 11 wk, also.

Concenuaton of marker in digesta might be
greater than that in bacreria if cells lyse be-
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rween the rumen and digesta sampling site with
& resulting increase in bacrerial ccll wall coneent
afrer lysis (Mikalic and Jovanovie, 1973;
Burtery and Cole, 1977). However, in such a
case, concenrration of DAP N also would be
expected 10 increase dramarically becausc
botk are comstitucets of cell walls Ratio of
DAL to DAP im rumipal bacteriz was not
different except at. 3 wk of age (Figurc 2).
Therefore, it s not likely that wariation in DAL
N at wk 7,09 and 11 was duc to changes in
bacterial cells or vo changing populations of
bacreria. A scatter diagram of gho DAL
and DAP (Figare 4) indicaces considerable vari-
ability around a center linc. Greaver variabiliry
in revicviof BAL w DAP in abomaesal digesta
compared with molared bacrerial cells saggestx
that some ¢rror must be associared with anal-
ysis of one of the mariers in abomasal contents.
We encountered a large amonnt of verission
within samples when amaly2ing DAL in aboma-
sal digextn Cocfficiens of varisrdon of DAL
(mg/g 'DM) were 42% and 29% o abomisdl
digests and in isolated Hidceerial ‘cells, respecrive-
ty. Further, sbomasal digesta aewk 7, 9 and 11
were analyzed approximarely 3 mo afta other
abomasal samples were aoadyzed. Posably,
alatiinve ragemase, an enzyme responsiblc for
isomerization of L-alanine t the Drisomer in
the synthesis of bacterinl cell walls, might have
increased DAL concentration: during sromge.
Hoogenraad snd Hord (1970) reported the

t

wo Pl Socil B Hieigions /) Tiee] bragey
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L

Fevy
' Figure 3. Weckly wean Dalunine (DAL) and diami-
mopimclic acid {DAF) v shommal digests of cabwes
frown 2 o 11wk of age.
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presence of active alastine racewmse in cell walls
of freere-dried bacteria Bolated fromsheep fed

gras.

Bacterind N in roral sbomyxal N exthmated by
DAL was grearer than thar estimated by DAP
{F « .01), averaging 77% and 44%, respectively.
Weekly mean becterial N in woml abomasal N as
esrimared by DAP increased from 23% ac 2 wk
of age to peak at 88% at 11 wk of age (Figure
5y, Estimztes by DAP correlured well wirh
mereasing starrer intake (92) and followed the
expecred poattern of ruminal dewelopment
Estirnaces of bacmial copmibuting by DAL, oa
the other hand, were ermatic and did nor core
Lure well with increating starver invake {.33).
Weekly estimares at wk 7 and 9, and individ-
val estimares ar week 11, exceeded 100%
{Figure 5). Griefe et al. (198%) used DAL ax 2
marker of bacterial N in total duodegal N and
reported estirmares of quanticy of total microbial
N that were significandy grescer than those
esrimared by ¥ 5, Some esrimatey of quantiries
of microbial N entering the small intestine
bascd on DAL and D-glutastic 2cid (also vosted
in the sudy) exceeded the el quamcicies of
non-WNH; - entering vhe small intestine {Griefe
e al., 198%). Because ™ 5 serves ag 3 marker for
hoth bacterial and protozoal N, and DAL
detecis bacterial N only, estimares by DAL

QINGLEY AND SCHWAB

apegred less realistic (Grizfe ecal., 1985), The
anthors propesed that DAL of feed ongin
escaped fermesganion within the romen and
thus argificially inflated estimates of bacrerint N
enaeying the small intestine. Io the present
study, DAL of feed ovigin was asiimed to be
pegligible becsia no formenred feedsmuifs were
fed; however, we did not amalyre our feed
Racemizazion of Dramine -acds doering acid
hydrolysic of tamples of digena and bacteria
have been reported {Hoogenraad and Hird,
1970 Gricfe et al., 1985), Exvers of raorm-a-
ton reported were IHY% and 3% o 5%
Theugh wmioll, these errors will mﬁmumm
by the DAL procedure, '

o Mudserous' comparisons of metiads for s&pﬂ-
ratipy digeata intod hecterial, ‘provezoal, miso-
bial and dietary N have bern reported (Nikolie
ahd Jovanowic, 1973 Ling and Bocrery, 1975:
Smirh, et al, 1978; Cockburn and Williams,
1984; Rahterna ared Theurer, 1586}, Diamino-
pimelic ack] geperally wnderestimates toeal mi-
crobisl N flow o the lower gur compared to
ather methods, because ir does npr account for
the provozoul  copmiburion: to. microbial flew
{Ling and Buttery, 1978; Siddons ot al.; 1921
On the other hand, Siddons ex al (1982) pe-
parted greater propordons of micrabigl N were
estimared by DAP chan by S or YN in sheep.

Excelent corrslation, which we ooted, be-
twecn bacterial N in shomesd N esrimated by
DAP and starver inake suggests thar the DAP

Bawteriel Mg b Al Wanpes f5)
.

] R N A i L i i i

3 & 3 's ¥ O® B :r I E
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Figure 5. Woekly mean contribution of bacrerial N
in sbomstal N & etimated by Deatanine (DAL and
doinogrinelie seid {DAP) o calwes from 2 ™11 wk
of g,
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technigque was adeguate roallow inferences o
be made regarding ruminal developmeni, as
made by Qoigley et 2l {1985} Correlation be-
tween estimates of bacterial N in abomagal N
eszimared by DAL and starter intake suppgests
that DAL was nor a sanisfactory marker.

D-alanine corelated with DAP in isclated
bacterial cells from calves fed commercial
starters and weaned ar 4 or 8 wk of age. How-
ever, 35 2 resalt of variability in 2bomasal DAL
oncenuations, due to the presence of alanine
raccmase n abomasal digesra, racemization
during hydrolyss and{or) procedural variabil-
itv, DAL was not acceprable marker of bae-
rerial N in this stady.
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