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We studied the nutritional and metabolic features of Eubacterium suis, an
anaerobic animal pathogen that causes cystitis and pyelonephritis in pigs.
Peptone-yeast extract-starch (PYS) medium, which contained Trypticase (BBL
Microbiology Systems), yeast extract, starch, minerals, cysteine, and sodium
carbonate, was shown to support excellent growth of this organism (absorbance at
600 nm = 1.8). Growth was considerably less (absorbance at 600 nm = 0.6) when
the starch in the medium was replaced by maltose. Formate, acetate, and ethanol
were the major products of fermentation of starch or maltose. The organism
appears to require a fermentable carbohydrate for growth since the deletion of
starch from PYS resulted in a negligible amount of growth. Growth decreased by
~20% when CO, was rigorously excluded from PYS minus Na,COs. The deletion
of only yeast extract from PYS resulted in a decrease in growth of about 75%, and
the simultaneous deletion of both yeast extract and Trypticase resulted in
negligible growth. When the yeast extract in PYS was replaced by a defined
mixture of purine and pyrimidine bases, vitamins, and amino acids, growth was
=80% that observed in PYS. The deletion of Trypticase from this medium
resulted in no detectable growth, suggesting a possible peptide requirement for E.
suis growth. Good growth (absorbance at 600 nm = 1.4) was obtained when
adenine and uracil were substituted for the mixture of purine and pyrimidine bases
in modified PYS; the substitution of pyridoxal, riboflavin, and nicotinic acid for
the vitamin mixture gave comparable growth. The nutritional requirements of E.
suis apparently reflect the fact that the organism adapts to its natural niche by
doing away with certain biosynthetic capabilities which it does not seem to

require.

Soltys and Spratling were the first to isolate an
obligately anaerobic, gram-positive, nonspore-
forming bacterium from pigs with infectious
cystitis and pyelonephritis (27). They assigned
this organism to the genus Corynebacterium
primarily on the basis of its diphtheroid mor-
phology, and proposed the name Corynebacteri-
um suis. Cases of cystitis and pyelonephritis due
to C. suis have since been described by several
other investigators (6, 8, 15-18, 20, 26), and the
disease syndrome is apparently well recognized
in swine veterinary practice today (2). However,
until recently, little has been published about the
taxonomy, physiology, and nutritional charac-
teristics of this organism.

Our recent studies showed that of the many
substrates tested, C. suis ferments only maltose,
starch, and glycogen and produces acetate, for-
mate, and ethanol but not propionate as major
end products of carbohydrate metabolism (31).
Furthermore, rhamnose and lysine were shown
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to be the major cell wall components of this
organism. These data suggested that C. suis
does not belong in the genus Corynebacterium
or Propionibacterium. On the basis of these and
other data, we proposed that the organism be
transferred to the genus Eubacterium as Eubac-
terium suis (31).

To date, there have been no nutritional or
metabolic studies of E. suis. In this paper, we
present the results of our recent studies of the
nutrition and metabolism of E. suis.

(This work was presented in part at the 80th
Annual Meeting of the American Society for
Microbiology, 11 to 16 May 1980, Miami, Fla.)

MATERIALS AND METHODS

Bacteria. E. suis Soltys 50052 (ATCC 33144) was
obtained from M. A. Soltys, Ontario Veterinary Col-
lege, Guelph, Ontario, Canada. The organism was
maintained on slants of peptone-yeast extract-maltose
medium as previously described (31).

Media. Basal peptone-yeast extract medium used in
most of these studies was the modified, prereduced,
anaerobically sterilized medium described by Holde-
man et al. (12). The vitamin K-hemin solution was
deleted, and 4 ml each of minerals 1 and 2 of Caldwell
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and Bryant (3) were added in place of the salts solution
to give a final concentration of 0.48 mg of (NH,),SO,
per ml of medium. Peptone was replaced by Trypti-
case (10 mg/ml; BBL Microbiology Systems). In dif-
ferent experiments, either maltose or starch was added
(10 mg/ml) as the primary energy source to the pep-
tone-yeast extract medium; the resulting media will be
subsequently referred to as PYM and PYS, respective-
ly. The pH values of the media were adjusted to 6.7
with 10% NaOH. L-Cysteine-hydrochloride hydrate
was added to the media immediately before the media
were heated. All anaerobic procedures were carried
out under 100% oxygen-free CO, gas phase except as
mentioned otherwise. Media were prepared (31) and
dispensed anaerobically (10 ml per tube [18 by 150
mm)), stoppered, and autoclaved in a press (15 Ib/in?
for 15 min at 121°C).

PYS medium or a modified PYS medium containing
charcoal-treated Trypticase (see below) and, in place
of the yeast extract, a defined mixture of purine and
pyrimidine bases, amino acids, and vitamins (see
below) was used for determining the nutritional re-
quirements of this organism. Oxygen-free N, was the
gas phase in all nutritional experiments in which
modified PYS (see Fig. 2 and 3) was used. To deter-
mine vitamin requirements, we added single-vitamin
solutions individually or in various combinations at the
concentrations indicated to modified PYS without the
vitamin mixture. Similarly, to determine purine and
pyrimidine requirements, we added one or more indi-
vidual stock solutions of these bases to modified PYS
without the purine and pyrimidine bases.

Preparation of charcoal-treated Trypticase. Trypti-
case used in modified PYS medium was charcoal
treated to remove vitamins and certain organic sub-
stances. Charcoal (10 g) was added to a solution of
Trypticase (10 g/90 ml of double-distilled water) that
was adjusted to pH 3.5 with glacial acetic acid. The
solution was stirred for 1 h and then filtered through
Whatman no. 1 filter paper, and its pH was readjusted
to 6.5 with 10 M NaOH. The solution was again mixed
with charcoal (5 g), stirred for 1 h, and refiltered, and
its final volume was adjusted to 200 ml. Of this
Trypticase solution, 20 ml was added to each 100 ml of
medium.

Vitamins. Individual aqueous stock solutions of dif-
ferent vitamins in double-distilled water contained the
following (milligrams per milliliter): thiamine-hydro-
chloride, 20; pyridoxal-hydrochloride, S5; calcium-D-
pantothenate, 20; riboflavin, 20; nicotinic acid, 10; p-
aminobenzoic acid, 1; biotin, 0.5; pyridoxine-
hydrochloride, 10; pyridoxamine-hydrochloride, 5;
and nicotinamide, 10. Vitamin solutions were filter
sterilized and stored in the dark at 4°C in acid-cleaned,
sterile test tubes. These stocks were added (1%, vol/
vol) as needed aseptically and anaerobically to auto-
claved, tubed media just before inoculation.

Modified PYS contained all of the above bases.

Amino acids. The stock solution of L-amino acids in
water contained the following (milligrams per 100 ml):
alanine, 220; arginine, 180; asparagine, 100; aspartate,
250; glutamate, 940; glycine, 20; histidine, 80; hy-
droxyproline, 20; isoleucine, 260; leucine, 380; lysine,
300; methionine, 140; phenylalanine, 200; proline, 320;
serine, 300; threonine, 160; tryptophan, 40; tyrosine,
260; and valine, 260. The solution was stored frozen
and added (10%, vol/vol) as needed to media before
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autoclaving was performed.

Purine and pyrimidine bases. Individual aqueous
stock solutions (2 mg/ml) of adenine sulfate, guanine
HCI-2H,0, uracil, xanthine, and thymine were pre-
pared. Guanine was solubilized by the addition of 10%
HCI, and xanthine was solubilized with 10% NaOH.
The stocks were autoclaved and stored at 4°C in the
dark in acid-cleaned sterile tubes. These solutions
were added (1%, vol/vol) as needed to autoclaved,
tubed media just before inoculation.

All of the above bases were added to modified PYS.

Preparation of inocula for studies of nutritional and
growth conditions. Cells from a mid-log culture of E.
suis grown in 3.5 ml of PYS were aseptically harvested
by centrifugation, washed twice with 3.5 ml of sterile
sodium phosphate buffer (0.02 M; pH 7), and resus-
pended in the same buffer to give an absorbance at 600
nm of approximately 0.5. One drop of this washed
culture (0.05 ml) in a sterile Pasteur pipette was used
to inoculate 10 ml of the experimental medium. The
organism was subcultured several times in each ex-
perimental medium to minimize the effect of nutrient
carry-over from the original inoculum. All cultures
were incubated at 37°C, and growth was monitored
with a Spectronic 20 spectrophotometer (Bausch &
Lomb, Inc.) by measuring the absorbance at 600 nm.
Absorbance values given represent the means of the
values for three tubes.

Fermentation balance: procedures and analyses.
Cells were grown under N, gas phase in rubber-
stoppered, round-bottomed flasks (250 ml) containing
100 ml of peptone-yeast extract, PYM, or PYS. Each
flask was inoculated with 5 ml of a mid-log culture
grown in the corresponding medium. Uninoculated
flasks of the above media served as negative controls.
All flasks were incubated at 37°C for 72 h. The total
amount of gas produced was calculated as previously
described (22). The proportions of H, and CO, in the
gas phase were assayed as previously described (28)
with a model 1400 gas chromatograph equipped with a
thermal conductivity detector (Varian Associates). A
stainless steel column (3.2 mm by 1.8 m) packed with
Porapak R (80/100 mesh) was used for CO, determina-
tions. Helium was the carrier gas (25 ml/min). A
similar column packed with Molecular Sieve SA (60/80
mesh) was used for H, determinations; nitrogen was
the carrier gas. Dissolved CO, in the media was
estimated as previously described (22).

At the end of incubation, each medium was acidified
with 1 ml of 50% (vol/vol) H,SO, and clarified by
centrifugation. Portions of the clarified fermentation
liquor were assayed directly for 2,3-butanediol (5),
acetoin and diacetyl (32), and total carbohydrate con-
tent (13). A maltose standard curve was used for
determining the total carbohydrate concentration in
PYM and peptone-yeast extract medium, and a starch
standard curve was used for determining the total
carbohydrate concentration in PYS. Organic acids
were extracted from the clarified fermentation liquor
with ether and were identified and quantified (12) with
a Varian model 1400 gas chromatograph equipped with
a thermal conductivity detector and a column packed
with 15% SP 1220-1% H;PO, on Chromosorb W AW
(100/120 mesh). Helium was used as the carrier gas (25
mbl/min). The column was maintained at 135°C, the
injector was maintained at 175°C, and the detector was
maintained at 195°C. Volatile distillates (19) of the
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FIG. 1. Growth curves for E. suis in PYS (O) and
PYM (@) media. Growth is expressed as in Table 2.

clarified fermentation liquor were assayed for alcohol
end products with a Varian model 2400 gas chromato-
graph equipped with an H, flame ionization detector.
The column was packed with Porapak Q and main-
tained at 170°C; the H, flow was 30 ml/min, and the
nitrogen (carrier gas) flow was 30 ml/min.

Fermentation balance calculations were made by
the method of Wood (33).

Materials. Purine and pyrimidine bases, hemins,
maltose, amino acids, and vitamins were obtained
from Sigma Chemical Co., and soluble starch and
yeast extract were obtained from Difco Laboratories.
Porapak Q and R, SP-1220, Chromosorb W AW, and
Molecular Sieve SA were obtained from Supelco Inc.,
Bellefonte, Pa.

RESULTS

Fermentation balances for growth on maltose
and starch. Maltose was the most common ener-
gy source used in the past for growing E. suis
(16, 26, 27, 31). The results of this study show
that growth in PYM was less than half that in
PYS (Fig. 1). Hence, in all subsequently de-
scribed experiments, PYS medium was used for
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cultivating E. suis. Formate, acetate, and etha-
nol were the only detectable metabolic products
produced from starch or maltose fermentation
(Table 1). Detectable levels of diacetyl, acetoin,
2,3-butanediol, H,, CO,, propionate, lactate,
succinate, propanol, and butanol were not pro-
duced in either PYS or PYM medium.

Effects of different components of PYS on
growth. Growth in PYS minus Trypticase was
comparable to that in PYS (Table 2); however, it
took considerably longer (81 h) for maximal
absorbance to be reached in PYS minus Trypti-
case, which indicates that Trypticase was stimu-
latory but not required for growth in this medi-
um. Growth was comparable in PYS or in PYS
containing only 0.1% (wt/vol) yeast extract (data
not shown). However, the complete deletion of
yeast extract from PYS resulted in only about
one-third the growth observed in complete PYS
(Table 2). These results show that neither Tryp-
ticase nor yeast extract alone served as an
optimal nitrogen source for growth in PYS medi-
um. Thus, both yeast extract and Trypticase
appear to contain nutrients required for optimal
growth of E. suis. When both yeast extract and
Trypticase were deleted from PYS, negligible
growth resulted (Table 2). This suggests that E.
suis is unable to use the ammonium sulfate
present in the medium as a sole source of
nitrogen.

The deletion of soluble starch from PYS re-
sulted in a decrease in growth of about 95%
(Table 2). This low level of growth was consis-
tently seen even after several serial transfers in
this medium. The small amount of growth seen
in this medium may have been due to trace
amounts of carbohydrate known to be present in
yeast extract (BBL Manual, p. 163, BBL Micro-
biology Systems, 1973).

To determine whether CO, was a nutritional
requirement for growth, we rigorously excluded
CO, from PYS as previously described by De-
hority (4) and used N gas phase. Total growth in
this medium decreased by about 20% (Table 2),
but the rate of growth was not affected, as
compared with that observed in PYS. This indi-
cated that CO, is stimulatory but not required
for growth.

In modified PYS medium (see Materials and

TABLE 1. Fermentation balance for E. suis grown with maltose or starch as the energy source®

Metabolic product produced

Medium (mmol/100 mmol [hexose equivalent]) Carbon recovery (%) OR balance C,:C, ratio
Formate Acetate Ethanol

PYM 156.9 98.8 83.0 86 0.95 0.86

PYS 155.2 146.8 87.1 104 0.89 0.66

“ Results are expressed as the means of the values obtained from at least two experiments. All values were
corrected for products present in the uninoculated medium and in inoculated PY medium.
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TABLE 2. Effects of single and double deletions
from PYS on E. suis growth

Deletion(s) Growth*
NOone. ..o oot 1.87 (41)
Salts ... 1.80 (57)
Cysteine. .......oovviiiiiiineeiaan., 1.80 (41)
Trypticase ..., 1.70 (81)
Na,CO;and CO, ....................... 1.30 (41)
Yeastextract. ...........coovveiinennnn.. 0.70 (58)
Starch............cooiiiiiiiiiii . 0.07 (61)
Trypticase + cysteine.................... 1.70 (58)
Yeast extract + cysteine ................. 0.49 (63)
Trypticase + yeast extract................ 0.03 (41)

“ Growth is expressed as the mean of maximal
absorbance at 600 nm in three tubes (18 by 150 mm).
Numbers in parentheses refer to hours of incubation
required for maximal growth.

4 CO, and Na,CO; were deleted, and N, was used
as the gas phase.

Methods) containing a defined mixture of 20
amino acids, growth was 80% that observed in
PYS. When Trypticase was then deleted from
this medium, there was negligible growth (absor-
bance at 600 nm = 0.02 [mean result of three
tubes at 41 h of incubation, when maximal
growth was attained]) in comparison with
growth in PYS. In contrast, the deletion of
amino acids from modified PYS medium result-
ed in no decrease in growth; in fact, slightly
better growth (absorbancy at 600 nm = 1.82
[mean result of three tubes at 87 h, when maxi-
mal growth was attained]) was observed in this
medium than in the medium without any dele-
tions (absorbancy at 600 nm = 1.43 [mean result
of three tubes at 87 h of incubation, when
maximal growth was attained]). This dramatic
stimulation of growth by Trypticase in a medium
containing a full complement of amino acids and
ammonium sulfate was rather surprising and
strongly suggests a possible peptide requirement
for the growth of this organism.

Vitamin requirements. The growth response of
E. suis to various additions of vitamins was
tested in modified PYS minus vitamins as de-
scribed in Materials and Methods. Growth was
negligible when no vitamins were added (Fig. 2).
Single additions of pyridoxal, riboflavin, or nico-
tinic acid resulted in only marginal growth.
Slight stimulation of growth was observed when
pyridoxal plus riboflavin or pyridoxal plus nico-
tinic acid but not riboflavin plus nicotinic acid
was added (data not shown). A combination of
pyridoxal, riboflavin, and nicotinic acid support-
ed growth comparable to that obtained in the
medium with the full complement of all 10
vitamins.

Purine and pyrimidine requirements. In modi-
fied PYS without the defined mixture of purines
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FIG. 2. Effects of vitamins on E. suis growth. PYS
medium was modified by the addition of charcoal-
treated Trypticase and the replacement of yeast ex-
tract with a defined mixture of purine and pyrimidine
bases. Single-vitamin solutions were added individual-
ly or in various combinations to modified PYS as
described in the text. Symbols: (0, full complement of
vitamins; @, pyridoxal, riboflavin, and nicotinic acid;
A, nicotinic acid; O, pyridoxal; A, riboflavin; B, no
vitamins.
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and pyrimidines or with only uracil present,
growth was negligible (Fig. 3). The single addi-
tion of adenine resulted in a slight increase in
growth. The addition of both adenine and uracil
gave growth comparable to that obtained in the
medium with the full complement of purine and
pyrimidine bases. The combined addition of
adenine, guanine, thymine, and xanthine gave
growth that was no better than that obtained
when only adenine was added (data not shown).

DISCUSSION

We previously reported that E. suis fermented
only maltose, starch, and glycogen but not glu-
cose or many other carbohydrate and noncarbo-
hydrate substrates (31). The results of this study
show that a fermentable carbohydrate appeared
to be required as an energy source for growth
(Table 2) and that growth was more than twofold
greater in PYS than in PYM. These results could
be explained by the fact that a number of bacte-
ria are known to metabolize disaccharides and
oligosaccharides by phosphorolytic cleavage,
whereby the energy of the glycosidic link is
conserved (1, 9, 25). Consequently, ATP, nor-
mally required for the activation of sugar to
sugar-1-PQy,, is conserved for each glycosidic
link cleaved by phosphorylic cleavage. There-
fore, metabolism of starch-derived oligosaccha-
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FIG. 3. Effects of purine and pyrimidine bases on
E. suis growth. PYS medium was modified by the
addition of charcoal-treated Trypticase and the re-
placement of yeast extract with a defined mixture of
vitamins. Stock solutions of individual purine and
pyrimidine bases were added singly or in various
combinations to the modified basal medium as de-
scribed in the text. Symbols: O, full complement of
purines and pyrimidines; @, adenine and uracil; A,
adenine; O, uracil; A, no purines or pyrimidines.

rides by E. suis would result in a considerably
greater conservation of ATP, as compared with
metabolism of an equivalent quantity of maltose.
This, perhaps, explains why we observed great-
er growth in PYS medium than in PYM medium.
Further research is clearly needed to define the
carbohydrate metabolism in this organism in
greater detail.

The results show that formate, acetate, and
ethanol are the main products produced from
fermentation of starch or maltose by E. suis. C,
recovery ratios and oxidation reduction (OR)
balance values for both PYM and PYS suggest
that an oxidized C; compound was missing
(Table 1). Almost identical results were obtained
when this fermentation balance experiment was
repeated three times. In spite of numerous at-
tempts, we failed to demonstrate that CO, was a
product of metabolism of E. suis. Even so, we
can not completely rule out the possibility that
small amounts of CO, may indeed be produced
during the metabolism of starch or maltose by E.
suis and that much of this CO, is fixed by the
organism for biosynthetic purposes. However,
the more likely possibility is that the missing C,
compound is formate, which may have been
underestimated because the sensitivity of the
chromatographic method used for the determi-
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nation of formate is not very high, especially at
higher levels of formate. If the missing C, prod-
uct is assumed to be formate and the fermenta-
tion balance for growth in PYM, for example, is
recalculated, the C,:C, ratio would be 1.0, the
OR balance would be 1.08, and the carbon
recovery value would be 1.01. Further studies in
which C-labeled substrates are used and key
metabolic enzymes are assayed should be useful
in defining the possible pathways involved in the
metabolism of starch and maltose by E. suis.

Approximately equimolar amounts of ethanol
and acetate were produced in PYM, whereas
almost twice as much acetate as ethanol was
produced in PYS. Since the conversion of acetyl
coenzyme A to acetate via acetyl phosphate
results in the synthesis of an additional molecule
of ATP (9), it appears that more ATP might be
generated from fermentation of starch than fer-
mentation of maltose. This may at least partially
account for the higher level of growth attained
with starch as the energy source.

Although it would seem reasonable to expect
that NH,*, presumably readily available to the
organism in vivo owing to it§ urease activity,
satisfies the nitrogen requirements of this strain,
our studies indicated that an organic nitrogen
source was required, at least in vitro. Further-
more, when Trypticase was absent, NH,*, a full
complement of free amino acids, or both could
not satisfy the nitrogen requirements of the
organism; the addition of Trypticase to the medi-
um, however, dramatically restored growth.
These data suggest that Trypticase serves as a
source of peptides (and perhaps other nutrients)
required for the growth of E. suis. The require-
ment for peptides even in the presence of a full
complement of free amino acids has been ob-
served for a few other organisms (14, 21).

We have previously shown that E. suis differs
from other members of the genus Corynebacteri-
um on the basis of cell wall composition, fer-
mentation end products, and biochemical char-
acteristics (31). The data presented here show
that E. suis differs from other animal pathogenic
corynebacteria in its nutritional requirements as
well. For example, almost all strains of the type
species Corynebacterium diphtheriae require pi-
melic acid, nicotinic acid, and B-alanine (24).
Van Eseltine et al. (30) have reported that Cory-
nebacterium renale, the etiological agent of in-
fectious bovine pyelonephritis, can use ammoni-
um ion as the sole source of nitrogen, although
other workers have indicated that amino acids,
in addition to NH4*, are required (10, 11).
Corynebacterium bovis has also been shown to
utilize ammonium ion as its sole nitrogen source
and to require unsaturated long-chain fatty acids
for growth. Some strains of C. bovis have been
shown to require nicotinic acid (24). Little is
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known about the nutritional requirements of
other species of animal pathogenic corynebac-
teria, including Corynebacterium pseudotuber-
culosis and Corynebacterium kutscheri (24).
More recent studies showed that Corynebacteri-
um pyogenes requires adenine, uracil, ribofla-
vin, and thiamine and that a defined mixture of
amino acids can serve as a source of nitrogen
only in the presence of inositol (C. A. Reddy
and A. McClellan, unpublished data). In this
investigation, E. suis was not tested for growth
in medium containing free amino acids plus
inositol.

The nutritional requirements of E. suis also
appear to differ from those of the anaerobic
coryneforms (propionibacteria). Ferguson and
Cummins (7) reported that these organisms grow
well when a basal salts medium is supplemented
with glucose, pantothenate, biotin, thiamine,
and many amino acids. Nicotinamide is required
for optimal growth only of Propionibacterium
acnes strains. The vitamin requirements of these
species reflect the need for those cofactors
which are essential to the propionic acid fermen-
tation pathway. Since E. suis does not utilize
this pathway, it is not surprising that its vitamin
requirements differ. In addition, Ushijima (29)
and Ferguson and Cummins (7) have shown that
guanine, adenine, and a combination of both are
stimulatory but not required for the growth of
the anaerobic coryneforms. E. suis required
both adenine and uracil for maximal growth.

E. suis produces pyelonephritis almost exclu-
sively in female animals, often in association
with pregnancy and parturition (26). Perhaps in
its natural milieu the organism utilizes cellular
stores of glycogen, the chief reserve carbohy-
drate of animals, as the main energy source. It is
unlikely that the organism has access to maltose
or starch in situ. Filterable peptides, vitamins,
and nucleic acid bases are also available to the
organism in its natural niche. The nutritional
requirements of E. suis apparently reflect its
adaptation to its natural niche: the organism
does away with biosynthetic abilities that it does
not seem to require.
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