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SUMMARY

Formation of the three slerepispmers (SI) of 2, 6—d1ammopunellc dCld (DAP) lysine and pipecolic
. hcid from aspartic acid by mixed rumcn bacteria and mixed rumen protozoa wererexamined. Mixed
nnmen bacteria and protozoa were isolated from the rumen of sheep given i concentrate and hay diot.
and mcub,nlccl willl abd witliout aspartic a¢id. The wicrobial suspensions were dlldLI’OblCrlll\ incubaled

39°C for 12 h. When aspartic acid was added to the media; the results showed thai ml\ed ramen
'baclena produced . meso-DAP by 4.42%, LL-DAP by 0.025%. lysine by 4.22% during thel2 h
incubation periods, bul DD-DAP was not detected durinig the incubation periods. Mixed rumen
prolozon procuced meso-DAP by 4.62%, lysine by 8.86% and pipecolic acid by 0.84% duting the 12 h
tncubation periods, but LL-DAP and DD-DAP were not detected during the incubation periods. This
means that smixed rumen bacteria have the ability to' synthesis meso-DAP, LL-DAP and lysine from
asparlic. acid, meanwhile, the :m\ed rumen protozoa have the ability to produce meso- DAP lyslnc and
plpecohc acid from aspartic acid. : :

Keywards: Aspartie acid, sterecisomers af dmmmoptmelw acid, lysine, pipecolic uud membahsm,
wbxed ramien protozou, mixed rumen bacteria :

_[_NTROD[_JCTION

L-Lysine is one of the final products of the aspartate biosynthetic pathway in bacleria. In general,
bacleria synthesize lysine from aspariate by the diaminopimelic acid (DAP) pathway (Coheén ef a/,,
1965; Dewey and Work, 1952, Stadman et al,, 1961; White et al., 1964). Shewry et al. (1977}
demonstrated (hat aspartate kinase, which catalyzed the first reaction of the conversion of aspariate to
lystne, was reguiated by feed-back inhibition, In contrast, yeast and other higher fungi employ the -
aminoadipic acid pathnvay for the biosynthesis of lysine (Broguis, 1971; Strassman and Weinhouse,

-1953). Onodera and Kandatsu (1974) demonstrated. (hat. rumen. giliate protozoa havé the ability-to
synthesis negligible amounts of DAP and lysine from aspartate using paper cllmm(tlogmphv The first
demonstration of the synthesis of lvsmc by decarboxylalion of DAP by ruinen proiozoa was reporied by
Onodera and Kandatsu (1973.1974) They also demonstrated the synthesis of Iysine from DAP bound
in the peplidogiycan of Uie cell walls of Escherichia coli isolated from the rumen (Onodera ef af.,
1974). Sauer et al. (1975) reporied that, in mixed rumen cultures, lysine was synthesized mainly via
DAP pathway as shown by the position of labeled carbons in the lysine molecule synthesized from [1-
"Clacetate -or H''COy. Later. romen bacleria were. also shown fo synthesme Iysine from DAP as
reported by Masson and Ling (1986). !

Generally, - bacteria (White and Kelly. l965 Asada et af., 1981a) zmd plants (Bryzm, 1-980)
synthesize lysine from wess-DAP by meso- dnmmuplmelate decarboxylase (EC 4.1.1.20) (Kelland et
al; 1985, Asada ‘et af,, 1981b). Recently, lysine has-been synthesized from each type of the
siercoisomers .of DAP (DAP-SI) by mixed fumen bacteria and mixed rumen protozoa as well (El-
Waziry ef ol.. 1995a.b; El-Waziry and Onodera. 1996a.b: Onodera-er af . 1996, 1997a.bY. With regard
1o the nwunen bacteria and protozoa. however. there have been no reporis concerning the (ypes ol DAP-
SI* synthesized from aspartic acid. and then ‘converted o iysmc and pipecolic ucid. Therefore. the
objeclive of this study was (o investigate the Lypes of DAP-S1 that can be synthesized from aspartic
acid by mixed rumen bacleria and protozen. I is also of interest fo investigate whether lhcse types
+were converted (o lvsmc and plpecohc acid,

MATERIALS AND METHODS

Ammm’s i ’

Three malurc Tumen fisindated sheep with a mean live wenbht of -IS (S D43 ke) ke, fed on a daily
ration consisling of 900 g/day lay and 250 g/day concentrate mixture in (wo equal portions given at
0900 and 1700 were used for Lhe cxpcruucnt Thc sheep were, housed. in individuat pens under
approxtmately constant environmental conditions. They had ['lcc 4CCESS 10 fresh water.
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Preparation of rumen microbial suspensions - -

Rumen contént obtained from the fistulated sheep before morning l'oed were stramed through four
layers of surgical gauze into a separatory funnel which was gassed with a mixture of 95% N, and 5%
CG;. The contents were incubated al 39°C. for up to 60 min to allow fecd débris o floal, The
suspensions of bacterial (B) and protozoal (P) were prepared according to Onodera et a/. (1992) The P
suspensions always included 0.1 mg/ml cach of chlofamphéhicol, streptomycin sulfate 'md pcmctllm_

" G potassium to suppress the biochemicat acuvmes of contammatmg bactena

Incubation and sample treatments :

Buffer solution (MB9) (Onodera and Henderson, 1980) and aIl glassware used in the present studjr
were previously autoclaved and MBY bulfer was gassed with N, +CO, agam under aseplic conditions.
Aspartic acid (Sigma Chemical Co., St. Louis, MO, USA) soluuon as substrate was prepared by
dissolving in MBY buffer. The microbial suspensions {20 mi)y prepared above were incubated with and,
without aspartic acid (5 mM) in 30 ml Erlenmeyer flasks for up to 12 hai 39°C. All incubations
contained 0.5 mg/ml rice starch. Samples collected (1. mI)at 0, 6 and 12 h were mixed with an equal
volume of 20% trichloroacetic acid (TCA) for deproteinization. lefl over night and centrifuged a1
27,000 x g for 20 min. The supernatant wis washed three Limes with diethy! ether to reiove TCA and
cvaporated to remove diethyl ether. Sediment of bacteria was hydrolyzed wiih 6 M HCl al 110°C for 20
h in sealed tubes. After cooling, the contents were filtered through filter paper (Whatman No. 2yand -
washed (hree times with distilled water. The filtrate was. evaporated to dryness, washed three times
with distilled water 10 remove HCI, dissolved again in 1 ml of pure water, and then filtered again
through a 0.45 pm membrane filter (Toyo Roshi Kaisha, Tokyo Japan) before analys:s All samples
were subjected to analyses I‘or DAP-8I, lysme and pipecohc acid,

Analytical methods . )

Analyses of DAP-S] and lysme were carried oulbyHPLC accordmg to El-Wazlry et al. (1996).
Pipccolic acid was catried ocut by (he method of Arinslrong " ef af. (1993). Concentrations of thesc
compounds were expressed by (he -dilferences between (he figures of incubations with and without
substrates.  Volatile i}my acids (VFA) were dclcrmmed by g,as cllronmtogmphy dCCOl‘dll’l[, 1o Supclco
Inc. (1975). . !

RESULTS AND D{SCUSSION

In nature, the bmsynlhesrs of lysine proceeds via two d1ﬂ'ercnt palhways In bactcna Iysme is
synthesized by the DAP pathway , and o -aminoadipic acid is the pathway of lysine synthesis in yeast
and other higher fungi, Higher plants synthesize lysine from aspariate, alanine and acetate as well as
bacteria and green by higher fungi (Candida utilisy synthesize lysine from acelate only {(Vogel, 1959).
Recently, mixed ruminal bacteria and protozoa have been shown to epimerize DAP-SI and (o lysine
not only from meso-DAP, bul also from LL-and DD-DAP (El- ~Waziry et af . 1995a.b: El- Waziry and
Onodera, 1996a,b; Onodera. et al. 1996, 1997ab). The lysine production from meso-DAP was the _
greatest and followed by LL-and DD-DAP. The améuni of lysine produced [rom cach type of DAP-SI ~
in the previous reperts seemed to be lower than the valié produced from mixed DAP-5 (El-Waziry et
al., 1993a,b; El-Waziry and Onodera, 1996a,b; Onodera et al., 1996, 1997a ,b}. Onodera and Kaidatsy
(1974) reported that mixed ramen protozoa have (lie ability to form a negligible amount of lysine from
aspartale using # paper chromatography. Pipecolic acid was evenlually shown 1o be an end product in
the metabolism of lysine by mixed rumen piotozoa (Cnodera and Kandatsu,  1972) There aré no
reports concerning the types of DAP-SI that éan be synthesized l'rom aspamc acig and converublc to
lysine and pipecolic acid by rumen bacteria and protozoa .

Metabolism of three steremsomers af dmmmoprmehc acm' by rurmien bacterml suspensmn

In ‘the tase of B suspension, both supernatant of the mediim and hydrolysate of the bacteria were
analyzed, bocause bacteria can grow in tlus mcub‘mon and accumul.l[c hsmc in thc cell proicm (El-
Waziry and Onodera, 1996a).

Table 1 shows Uie conversion of aspartic acid to DAP-§1 and lysine in the' supemalanl and
hydrolysates of the B suspensions during the 12 h incubation period. meso-DAP and LL-DAP were
only produced from aspartic acid during the incubation period, but DD-DAP was not detected (Table
1). As the resulls, aspartic acid was converted to meso-DAP and LL-DAP by 0,091 mM (1.82%) and
0.0006 mM (0. 01%) during a 6 h incubation and 0.221 mM (4.42%) and 0. 0013 mM (0.03%) during
the 12 h incubation, respectively. Average bacterial nitrogen in B suspension in the present experiment
was 0,445 =0, 007 mg/ml and the amounl of meso-DAP and LL-DAP produoed could be expressed as
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204 and 0.135 mnollmg N during a 6 h incubation and 497.and 0.292 nmol/mgN during the 12 b '
incubation. respeclwe]v The productlon of DAP from clSde‘iIC dCId was demonslmled by Patte etal
(1967} usmg E coh : }

Table 1. Amounts of the tlm.e slereolsomerx of 26—dlammoplmehc acid (DAP) aml lysine
produced from aspartic acul by mlxcd rumen bacteria”

Incubdl:on nmc (]l)

AT TFL - i e 6 . 12 .
Meso-DAP (mM) L Ao ane -_0,091,10.002_“-“ .. 0.2210.001
Meso-DAP (%) .
Meso-DAP (nmol/ing bacterial N) . 204.49 £:4.49 - - 496,63 42,25
" LL-DAP {mM) - 0,006 % 0.0001 0,001330.0001
LL-DAP (%) - - X 1) ST L 003
LL-DAP (nmol/mg bacterial N) & 043510225 - .0 - 029240222
‘DD-DAP (mM) . - : : S ONDY L . . ND
Lysine {(mM) ' : S 0116 £0.001 0211 £0.002
Lysine (%) : . . 232 LA
Lysine (nmol/mg bacterial N- . B 260.67 £2.25 , 474,16 %449

™ Aspartic acid was added to the bacterial suspensions as substrate (3mM),

. Values are shown as the differences between those w1th and W'lﬁ]ﬂllt substrate after mcubatlon at 39°C
* Yalues are shown with meart t (n=3). -

4 Not detected.

Table | also shows the conversion of aspartic acid to lysine in supernatant ind hydrolysed of the
media of mixed rumen bacteria during the 12 h incubation period. As the resulls. the amounts of tysine
were 0,116 mM (2.32%. 261 amol/mg N) and 0.211 mM (4.22%. 474 umol/mg,. N for 6 and 12 h.
respectively. . In bacteria, Cohen e/ af. (1965}, Dewey e al. (1932). Stadman ef af. (1961) and White e
al. (1964) demonstrated thal lhc characterizations of the enzymes calalyzing (he reactions ol the
conversion of L-aspartate to L-lysine by the way of c.e DAP. They further reported that L-aspartate-f3-
semialdehyde was not only the intermediate of L~ -lysing; but also the interinediate of L-threonine, L-
isoleucing and L-methionine, Therefore, the present study was confirmed their suggestion for lhe
production of:lysine from aspartic.acid via DAP vsing mixed rumen bacteria, -

_ Table 2 shows the amounts of velatile fatty acids (VFA) from aspartic acid in supernatant and
hydralysed of the media of mixed rumen bacteria during the-12 h incubation period, As the results, the
amounts of acetic acid, propionic acid and butyric acid were 0,031, 0.0012 and 0.025 mM during the
12 I incubation period. respectively. The first study concerning metabolic pathway of lysine in'rumen -
microorganisms teported by Dohner and Cardon (1954). They showed that 1 mole each of acetale and
butyrate and 2 moles of amnionia were produced from lysine after incubation of 2 sirains of /< coli
isolated from the bovine rumenr., Onodera and Kandatsu, (1975 also. examined the metabolites of
Iysing (1uM). by mixed rumen bacteria collected from goat rumen using L- [U-"‘C]lysme They found
that the niain products from lysine were acetate, butyrate and small amounts of propionate, Therefore,
the production of VFA of acelaie. propionate and butyrate from aspartic acid in the present.study miay
be via lysine according to Dolmer and Cardon. (1954), and Onodera and Kandatsu, (1975). .

Tahle 2. Amounts of volatile fattv aclds ;)roduced from aspartlc ncul by nuxed rumen bacterm

Acid S . : .. Incubation time (h)

: L .. 6 BEENY
Acetic acid (M) . 50085 £ 0001 T 00310 +0.001
Propienic acid (mM) . 0.0003 H).000 S 0012 + 0.000]
Bulyric acid (M) jnet o L0071+ 0.001 - __0.0253 + 0.001

“ Aspastic acid was added to the bacterial suspensions o substrate (SmM).
¥ Values are shown as the differences between those with and wulmul subsirale after mcubauon 39°C.
\-dllly_l} are shown with meat & (I! 3.

Membo[tsm qf three sterepisomters of dtrmtmopmm{w ac:d bv rumen pmwzoal suSpenswn

In. the case of P suspension, only supernatant fluid of the incubation was used for the analyses of
DAP-SI and lysine, because in this -incubation, protozoa cannol grow and accumulate any lysme in
their cell protein.

Table 3 shows the conversion of aspartic acid 1o DAP s1, lysine and plpeoollc acid in supemal‘\nl
of the media of mixed rumen protozoa during the 12h incubalion perlod meso-DAP apparently was’
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only produced from aspartic acid during incubation petiod, but LL-DAP and DD-DAP were not
detected (Table 3). As a result, aspartic acid parly was converted to meso-DAP by 0,025 mM (0.5%)
during a 6 h incubation and 0231 mM (4.62%) during the 12h incubation period. In this study.
average piotozoal nitrogen of the protozoal suspension was 0.776 * 6.007 mg/inl, and the amounts of
meso-DAP produced during the incubation period ‘were 32.22 and 297.68 nmol/nig protozoal nitrogen
at 6 and 12h, respectively. Onodera and Kandatsu (1974) reporied that a niegligible amount of DAP
was produced from aspartic acid during 12tvincubation, The differences reported in this study and the
stady of Onodera. and Kandatsu (1974} may be attributed fo the activity of the protozoa during the
incubation periods, Patte ef af. (1967 reported that the 4-carbon chain of aspartate is incorporated into
methionine.” The twe first reactions, catalyzed by B-aspartokinase (EC 2.7.2.4) and by aspartate-p-
semialdehyde dehydrogenase (EC 1:2.1.11) arc common sleps in Escherichia coli of the biosynthesis
of DAP, lysine, methionine, threonine and isolencine, In this regard. the present results suggest that

the mixed fumen protozoa have the ability to synthesize nreso-DAP from aspartic acid vid' tvo
reactions, f-aspartokinase and by aspartate-p-semialdehyde “dehydrogenase according lo Patie ef af.
{1967). In this study, the synthesis meso-DAP from aspattic acid by rumen prolozoa was demonstrated
for the fitst time. 30 8 e _ : e .

Table 3 also shows the production of lysine from aspartic acid in supernatant of the media of mixed
rumen protozoa during the 12h incubation period.” As indicated from Table 3, the amount of lysine. was
0,243 mM (4.86%) during a 6 h incubation and 0.443 mM (8.86%) during the 12 h incubation period.

Table 3. Amounts of the three stereoisomers 6{ 2;.6.'-dial'rtiﬁbpimelli'c acid (DAP), !ys'inc and
pipecolic acid produced from aspartic acid by mixed rumen protozoa® .

.. Incubation time (h}

. : _ S L6 12
Meso-DAP (mM) T 700250001 o 02312003
Meso-DAP (%) . - ST es T wa62
Meso-DAP (rimol/mg protozoal N) : 0032221128 o 297.68 £38.12 .
LLDAP(mM) o NDY e T ND -
DD-DAP (mM) =~ 5 R SoONDY s ND -
Lysime(mM) - ., 024340093 - . 0.443£0.025
Lysine (%) = ' o e 486 oL 886
Lysine (nmol/mg protozoal N) -+~ SO 31304422000 7 57088 £32.00
Pipecolic acid (mM) . S T 0070001 0 0.042:£0003,
Pipecolic acid (%) ' o g o.14 - 084
Pipecolic acid (nmol/mg protozoat N) 9021127 | . 5412£38

® Aspartic acid was added to the protozoal suspensions as substrate (3miM). e s .
¥ yplues are shown as the differences between those with and without substrate alier incubalion at 39° [
¢ Values are shown with mean + (n=3). - ¢ Notdetected. - . ° : :

The amounts of lysine produced durin_g the incubation were 3 13.14 and _'570.88 nmol/mg protozoal
nifrogen for 6 and 12 h, respectively. Onodera and Kandatsu (1974} demonstrated that rutmen ciliate |

“protozoa synthesized a negligible amouiits of Iysine from aspartic acid. This discrepancy may be also
due to the differences in activity of the protozoa in the incubations: The first demonsiration of the
synthesis of lysine by the decarboxylation of DAP by ruinen protozoa was reported by Onodera and

~ Kandatsu (1973, 1974). Therefore, the lysine production from aspartic acid in the present study was

- probably via DAP-decarboxylase (EI-Waziry and Onodera, 1996a,b). - L L

Table 3 also shows the production of pipecolic acid from aspartic acid in supernatant of the media

of imixed rumen protozoa during the 12 h incubation period. The amount of pipecolic acid was 0.007

M (0.1_4%) during a 6 h incubation and was 0.042 M (0.84%) during the 12 h incubation period. . -

The amounts of pipecolic acid produced during the incubation period were 9.02 and 54.12 nmol/mg
protozoal nitrogen for 6 and 12 h, respectively. Rurtien protozoa could produce pipecolate from lysine '
and il was eventually shown to be an end product in the metabolism of lysine by mixed rumen
protozoa (Onodera and Kandatsu, 1972). in this regard, the present study suggest that the pipecolic
acid may have been produced from aspartic acid via lysine as an end product of lysine metabolism in
rumen protozoa (Onodera and Kandatsu, 1972). : © : SaN

It can be concluded that the main substance produced from aspartic acid is lysine via DAP
decarboxylase and then the from lysing’in the rumen are thought as present o be acetate, butyrate,
propionate, pipecolate and undetermined compound like ammonia. The VFA are in the fate to be
absorbed and utilized by the host animal and ammonia is utilized by bacteria and other organisins. The
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fate of plpecoldic in (he rumen and its poss1ble physwloglcal functlon in ﬂle llOst ammal (Onodera
1993).
It is interesting to havc sl!own irt the' present study that mixed rumén bacteria and prolozoa may
" contribute to the nuirition of the host animat by productng LL-DAP. Heso- DAP Iysme VFA of aoenc
botyric and proplomc acids and pipecolic -1c1d from aspartic acid. | :
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