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Abstract: The ability of Clostridium butyricum cultures to hydrolyze three L-leucine-containing dipeptides
(Leu-Leu, Leu-Gly and Gly-Leu) in a synthetic minimal medium is demonstrated by using gas chromatography
coupled with mass spectrometry. The '>C nuclear magnetic resonance and a labeled dipeptide L-[1- C]Leu-Gly
were used to confirm this activity. © 1998 Elsevier Science Ltd. All rights reserved.
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Introduction: The genus Clostridium is one of the most diversified genera” and even if this genus is subject to
restructuring, the type species remains Clostridium butyricum’. In this genus, many studies have been focused
on proteinase and peptidase activities, mainly for botulism and tetanus neurotoxins*, peptidoglycan-degrading
peptidases, collagenase and gelatinases’. To our knowledge, no studies have been devoted to peptidases of C.
butyricum. Strains of this species were implicated in the etiology of neonatal necrotizing enterocolitis® and their
role in this pathology is still a matter of debate’. Since aminopeptidases and proteinases of bacterial origin have
been implicated in the mechanism of several human pathogeneses in associated conditions and evoked as an

811 there is a need to investigate the oligopeptide metabolism by C. butyricum which

important virulence factor
is included with the saccharolytic, non proteolytic clostridia.

The aim of this paper was to study the metabolism by C. butyricum of three L-leucine-containing dipeptides
(Leu-Leu, Leu-Gly and Gly-Leu). The hydrolysis of the peptides was confirmed by the detection of 2-hydroxy-
4-methylpentanoic acid using gas chromatography coupled with mass spectrometry (GC-MS). This metabolite
has been reported earlier as a bioconversion-product of L-leucine in C. butyricum cultures in a basal mineral
glucose (BMG) medium'?. The *C NMR and a labeled dipeptide L—[l-”C]Leu-Gly were used to confirm this
activity. C. butyricum strain used throughout this study is the type strain MGPP 26" (VPI 3266"), stored at -
80°C in brain-heart medium with 15% (v/v) glycerol as cryoprotective agent. The synthetic medium BMG, used
in this study, could be supplemented with either L-Leu-L-Leu, L-Leu-Gly, Gly-L-Leu or L-[l-”C]Leu-Glyl3

added as a 0.22-pm membrane-filtered solution (final concentration, 5 mM).
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Strains were grown using the Hungate method under an anaerobic atmosphere (nitrogen: carbon dioxide, 80:20,
v/v) at 37°. For a given series of experiments, 3 precultures were performed in the same conditions.

Results and discussion. Acid-extractable metabolites, detected by GC-MS in C. butyricum 24h-cultures after
growth in BMG medium and analyzed as their fert-butyldimethylsilyl (TBDMS) derivatives'*, were formic,
acetic, butyric and lactic acids (figure 1A). When BMG medium was supplemented with Leu-Gly, Leu-Leu or
Gly-Leu, an additional peak clearly appears at a retention time of 32.0 min (figure 1B). The comparison of
retention time and mass spectra with authentic standards indicated that this peak corresponded to the di-
TBDMS derivative of 2-hydroxy-4-methylpentanoic acid. The mass spectrum corresponding to this peak shows
the molecular weight at m/z 360 and characteristic fragments at m/z 303 [M-57]", m/z 345 [M-15]" and m/z
275 [M-57-28] (figure 1C).

When the labeled dipeptide L—[l-l3 C]Leu-Gly was used to supplement the medium, the molecular mass of the
corresponding metabolite was found at m/z 361 since the mass spectrum shows fragments containing the ">C at
m/z 304 [M=57)" and 346 [M-15]" and fragment at m/z 275 [M~57-29]" with loss of a carbonyl fragment >CO
(figure 1D). The molecular weight, the retention time and the mass spectrum were compatible with the di-

TBDMS derivative of a 2-hydroxy-4-methyl[1-'>C]pentanoic acid.

@ 13
@“-? (P\r‘ n R X D
. o Y - o

o]
- ™
1 l a e
2892 ma o
Ul.’7
303.21
Qf‘ 275.20 [Q
304.24
usto  |F5B
345.08
AL WARA LA AT MG WA Mg Wi
240 | 260 = 280 @ 300 @ 320 = 340 = 360
@2
B
B 1 Y | 1 O AV
J A
L \\_/\_A A L_,_M Acn ~ ¢

- o o

16
40 -}

.
'

o ~ o o

b o ©

36

Figure 1: GC profiles obtained for C. butyricum grown (A) in BMG medium and (B) in BMG + L-Leu-
Gly (5 mM). For identification: S, solvent (acetonitrile); R, silylating agent; IS, internal standard
(2-methylpentanoic acid). Mono-TBDMS derivatives of formic acid (F); acetic acid (A); butyric
acid (B). Di-TBDMS derivatives of lactic acid (L), 2-hydroxy-4-methylpentanoic acid (HMP).
Mass spectra of di-TBDMS derivatives of (C) 2-hydroxy-4-methylpentanoic acid (MW: 360) and
(D) 2-hydroxy-4-methyl[1-"*C]pentanoic acid (MW: 361).
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The *C NMR spectrum'® of a culture of C. butyricum in BMG medium supplemented with the '*C-labelled
dipeptide at the beginning of the incubation shows a signal at = 170 ppm corresponding to the C; leucyl group
in L-[1-"*C]Leu-Gly [spectrum (a), figure 2]. After 24 h, a signal appears at 5 = 176 ppm corresponding to L-[1-
13C]leucine [spectrum (b), figure 2]. After extraction with fert-butylmethyl ether (TBME), 2-hydroxy-4-

methyl[1-"*C]pentanoic acid was characterized by a signal at 8 = 179 ppm [spectrum (c), figure 2].
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Figure 2: ">C NMR spectra of medium from Clostridium butyricum in BMG + L-[1-"C]Leu-Gly medium
incubated for 6 h (a), 24 h (b) and 24 h (c) followed by an extraction with TBME.
The proportion of di-TBDMS derivative of 2-hydroxy-4-methylpentanoic acid in the extracts of C. butyricum is
similar even if the media were supplemented with Leu-Gly or Gly-Leu (~25.2 pmol.mol"). This derivative has
doubled in proportion when the medium was supplemented with Leu-Leu (~49.6 pmol.mol ™).
This 2-hydroxy-4-methylpentanoic acid detected after culture in medium supplemented with a L-leucine-
containing dipeptide may originate from the L-leucyl moiety. The detection of L-[1-">C]leucine by '*C NMR
and 2-hydroxy-4-methyl[1-"*C]pentanoic acid by GC-MS and >C NMR in cultures of C. butyricum in BMG
medium supplemented with L-[1-"*C]Leu-Gly confirms, unambiguously, the implication of this strain in the
hydrolysis of this peptide.
Many bacterial peptidases have been investigated, principally in lactic bacteria from genera Lactococcus and
Lactobacillus, in Capnocytophaga gingivalis and various anaerobic bacteria - e.g. Prevotella ruminicola,
Peptostreptococcus micros, Fusobacterium nucleatum, Porphyromonas gingivalis, Treponema denticola®>'®"".
Two distinct intracellular peptidases were purified in Lactobacillus sake L110: one of them was responsible of

the hydrolysis of Leu-Gly dipeptide'®. In clostridia, C. histolyticum produces a clostridiopeptidase and an
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extracellular cysteine peptidase, clostripain'®. C. bifermentans, C. sordellii, C. difficile, and C. glycolicum
exhibit a leucine aminopeptidase activity, a protease that removes Leu from the NH;-terminal position of

peptide substrates. Proline aminopeptidase activity was found in the cell-free extract of C. bifermentans, C.

difficile, C. glycolicum, C. sordellii and C. sporogenes, but was not present in C. butyricum'®.

The mechanisms by which C. butyricum hydrolyses those dipeptides and the role of dipeptides as nutrients in
this species are not known and must be explored. Our observation demonstrates that C. butyricum is able to

cleave dipeptides, opening new aspects in the study of C. butyricum metabolism.
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