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Lactobacillus bifidus, since its description
by Tissier in 1899, has been studied in many
laboratories. Raynaud(1) described a factor
which is essential for the growth of Lacto-
bacillus bifidus in vitro and which stimulates
its appearance in vivo. This factor he calls
bifidus factor 2 to distinguish it from the
N-acetylglucosamine-containing  substances
required by Lactobacillus bifidus var. penn-
sylvanicus, Gyorgy et al.(2), which he calls
bifidus factor 1. Bifidus factor 2 appeared
to be a peptide but differed from strepoge-
nin or the “supplementary” factor of Gyérgy
and Rose(3). Through the kindness of Pro-
fessor Raynaud. his strain, which has been
maintained continuously since its isolation by
Tissier in 1901, was made available to us
so that we might compare its growth require-
ments with those of our strains under our
laboratory conditions.

Materials and methods. The general tech-
niques for carrying the cultures of Lacto-
bacillus bifidus and for microbiological assay
have been described(2.3). Our strains have
been maintained for many years on a semi-
synthetic medium containing enzymatically
hvdrolyzed casein (NZCase, Sheffield). Ini-
tial trials indicated that this medium would
not support growth of the “Tissier” strain of
I.. bifidus received from Professor Raynaud.
In Raynaud’s laboratory L. bifidus is main-
tained on Blaurock medium(1). With Blau-
rock medium we also obtained excellent
growth of the strain. Morphologically it was
typical L. bifidus. In carrying out microbio-
logical assays for bifidus factor 2, two media
were used: our regular NZCase medium,
with muodifications indicated by the require-
ments of the Tissier strain, and the
“Garches” medium of Raynaud(1) which we

will refer to as “Raynaud” medium. The lat-
ter is simpler in constitution than the
NZCase medium. As a major source of ni-
trogen it contains a highly purified casein
hydrolyzate, vitamin-free Casitone (Difco),
since Raynaud found that almost all other
casein preparations, including NZCase pep-
tone, contained enough bifidus factor 2 to
make them unsuitable for use in an assay
medium. Several of the substances found to
be active as bifidus factor 2 were analyzed
for peptide and purine constitution by means
of paper chromatography. Butanol-acetic
acid was used as solvent system: peptides
were detected by means of ninhydrin, purine
bases with bromphenol blue-silver nitrate(4).

Results. Neither the NZCase medium nor
the Ravnaud medium alone supported growth
of the Tissier strain of L. bifidus. With Ray-
naud medium a small amount of acid was
produced after 48 to 72 hours incubation but
it never exceeded about 2 ml of 0.1 N acid
ner 10 ml tube. even with a heavy inoculum.
When this medium was supplemented with
the crude amylase preparation from Asper-
oillus orvzae which Raynaud had found to
be particularly active as bifidus factor 2 or
with tryntose (Difco) there was growth in
pronortion to the amount of supplement
added un to about 6 ml of 0.1 N acid after
48 to 72 hours incubation. NZCase pentone
bad much smaller activity as bifidus factor
2. N7ZCase medium would not support
growth even when supplemented with amy-
lase or tryptose. Additional supplementation
with those components of the Raynaud me-
dium which were not present in NZCase
medium likewise failed to make it adequate
for maintenance of the Tissier strain.

Among the components of the NZCase
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medium not present in the Raynaud medium
were adenine sulfate, guanine hydrochloride
and xanthine. When this group of purine
bases was omitted from the medium there
was some acid production, 0.7 ml, as com-
pared with none in the complete medium.
Supplementation of the medium without pur-
ines with 50 mg of tryptose increased acid
production to 4.1 ml. Addition of 50 mg of
NZCase peptone beyond the amount present
in the basal medium brought acid production
to only 1.6 ml. Addition of the purine bases
to Raynaud medium supplemented with tryp-
tose caused marked reduction in acid pro-
duction, confirming their inhibitory effect on
the Tissier strain. Most of the later experi-
ments on the relationship of the purine bases
to the growth of this strain were carried out
on Raynaud medium for better comparison
with the work of Raynaud.

Of the 3 purine bases, adenine, guanine
and xanthine, adenine was found to be the
most toxic, as little as 30 pg completely over-
coming the growth-promoting effect of 25
mg of tryptose. There was a competitive re-
lationship between the two factors, the effect
of a given amount of adenine being overcome
by raising the level of tryptose. Guanine was
about one-third, and xanthine about one-
tenth as active as adenine. Adenosine and
adenosine monophosphate were less toxic
than adenine and 3’,5'-cyclic-AMP was al-
most inactive. Uracil, also a component of
NZCase medium, had no inhibitory effect
nor did thymine, orotic acid, uridine, thymi-
dine, UMP, CMP, DNA or RNA. Neither
did any of these substances have any effect
in reversing the inhibitory effect of adenine.
Magasanik (5) studied adenine inhibition in
a number of microorganisms and found that
its effects might be reversed by one or more
of the following substances depending on the
organism: succinic acid, histidine, thiamine,
pantothenic acid. None of these substances
had any effect in the present case.

In contrast to the other purine bases, hy-
poxanthine had no inhibitory effect; rather,
it stimulated growth not only when added
with tryptose, but when added alone to the
basal Raynaud medium. Furthermore, it re-
versed the inhibitory effect of adenine. A
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TABLE I. Effect of Hypoxanthine and Adenine
On Growth of L. bifidus (Tissier).

Acid production (ml of 0.1 N)

Supplements to Adenine (ug)
basal medium 0 10 25 50 100
None 2.2
Tryptose 2.5 mg 1.7
750" 3.0 1 (o 0 0
25.0 7 6.2
Hypoxanthine 20 ug 4.2
50 4.7
200 " 1.7
Tryptose 7.5 mg
+ hypoxanthine 20 g 7.4 2o
50 7 8.1 47 1.1 10
100 81 6.8 5.9 3.8
200 7 8.4 7.7 7.1

All figures are in terms of 10 ml culture. Period
of ineubation 48 hr.

typical experiment is shown in Table 1. Ino-
sinic acid could not substitute for hypoxan-
thine, nor could 5-amino-4-imidazolecarboxa-
mide. Paper chromatographic analysis of the
2 active growth materials, tryptose and the
amylase from Aspergillus oryzae, indicated
that they contained hypoxanthine. However,
hypoxanthine could account only in part for
the growth-promoting effect of these mix-
tures and the importance of a peptide factor
was indicated. With even high levels of hy-
poxanthine, production of acid did not reach
the levels attainable with tryptose (Table
I). NZCase peptone, very slightly active
alone, added with hypoxanthine caused
growth well in excess of that.induced by
hypoxanthine.

Skimmed human or cow’s milk, both of
which are active as “supplementary” factor
for our strains(3), did not consistently stimu-
late growth of Lactobacillus bifidus (Tissier)
when added to the Raynaud medium. Vari-
ous experiments undertaken to resolve the
contradictory results proved that milk did
contain a growth-stimulating fraction. The
inhibitory effects were in large part elimi-
nated when the milk was deproteinized with
trichloroacetic acid with subsequent removal
of the trichloroacetic acid with ether. When
the deproteinized preparation was dialyzed,
the major part of the activity appeared in
the dialyzate. An additional finding in con-
nection with the tests on milk was the ex-
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treme sensitivity of the Tissier strain of Lac-
tobacillus bifidus to the “Tweens.” Tween 80
(polyoxyethylene derivative of sorbitan
monoleate) serves as a non-toxic source of
oleic acid to certain strains of L. bifidus and
both Tween 80 and Tween 60 (polyoxyethyl-
ene derivative of sorbitan monostearate) eli-
minate the toxic effect of the traces of
free fatty acid which may be present
in skimmed milk(6). Both of these sur-
face-active agents proved to be very toxic
to the Tissier strain. Acacia was substituted
as a non-toxic agent to absorb free fatty acid.

Discussion. Raynaud(1) has discussed the
various factors of peptide nature which have
been reported to be essential for, or stimula-
tory to, the growth of Lactobacillus bifidus.
He has indicated that his factor 2 is a specific
peptide different from strepogenin. Most of
the strains which we have isolated did not
have an absolute requirement for such a
factor. Those which did have such a re-
quirement tended to mutate or to be over-
grown by other less exacting strains. The
Tissier strain has maintained its specific
properties after continuous transfer for over
a year.

A most interesting property of the Tissier
strain is its specific requirement for hypoxan-
thine, and the inhibitory effects of adenine,
guanine and xanthine. This characteristic
was not observed by Raynaud who tested
hypoxanthine among a large number of com-
pounds which proved to inactive. Tt is
not a chance mutation since it was observed
in 3 lyophilized cultures received from Pro-
fessor Raynaud, of which 2 were tested
within a few days after transfer to Blaurock
medium. Neither was this requirement a re-
sponse which could be related to our method
of preparation of the Blaurock medium.
Stools of infants receiving human milk were
plated on Blaurock medium. The strains of
Lactobacillus bifidus isolated grew well in
the purine-containing NZCase medium,

The. growth of the Tissier organism with
such preparations as peptone or the amylase
from Aspergillus oryzae, which allow acid
production far in excess of the maximum at-
tainable with hypoxanthine, indicates that
they contain an additional growth factor.
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NZCase peptone, which alone had almost no
effect, promoted growth when it was added
with hypoxanthine. It is most probable that
this second factor is of the peptide nature
suggested by Raynaud and previously re-
ported to be essential for or stimulatory to
the growth of many strains of L. bifidus(1).

Our isolation and carrying medium con-
tains a number of components known from
the work of Hassinen et al.(7) not to be
essential. The purine bases, adenine, guanine
and xanthine are among these. Their pres-
ence has precluded the possibility of isolat-
ing a strain comparable to the Tissier organ-
ism.

Inhibition of the growth of microorganisms
by adenine has been reported previously.
Magasanik (5) found that adenine was in-
hibitory to wild strains as well as to purine-
less mutants of A. aerogenes, E. coli and S.
typhimurium. Reversal of this inhibition by
histidine and thiamine indicates metabolic
relationships which have not yet been eluci-
dated. Pierce ard Loring(8) observed in-
hibition by adenosine (but not by adenine)
of the utilization of pyrimidine ribonucleo-
tides and ribonucleosides by pyrimidineless
mutants of Neurospora. Fries(9) reported
that guanineless mutants of Opkiostoma were
inhibited by adenine and hypoxanthine. Nel-
son and White(10) found that poor growth
of a strain of Streptococcus pyogene could
be overcome by omission of adenine from
the medium or by addition of hypoxanthine,
xanthine, guanine, or their nucleotides, or by
yveast nucleic acid. Precise explanation for
these effects is lacking. :

Summary. Bifidus factor 2 of Raynaud(1)
is required for growth of a strain of Lacto-
bacillus bifidus maintained by serial transfer
since its isolation by Tissier. This factor is
of dual nature; it contains a) a peptide-like
component and b) hypoxanthine. Growth is
inhibited by adenine and, to a lesser extent,
by guanine and xanthine. This inhibition is
counteracted by hypoxanthine, which more-
over will promote growth in the absence of
adenine, guanine or xanthine. ’

The authors wish to express their appreciation to
Prof. Marcel Raynaud, Institut Pasteur, Garches, for
his kindness in furnishing lyophylized cultures of
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Lactobacillus bifidus and samples of bifidus factor 2.
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Effect of Poliomyelitis Virus on Mitochondria Phospholipids

Of the HeLa Cell.*
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The uptake of radiophosphorus by HeLa
cells exposed to the poliomyelitis virus was
accelerated into the nucleic acid and total
phospholipid fractions(1). Increased phos-
pholipid synthesis has been observed to oc-
cur, associated with a number of other viral
infections: skin of rabbits infected with
Shope virus(2), chicken skin infected with
fowlpox (3,4), mouse brain as a consequence
of infection with Theiler’'s GD VII virus(5),
and KB cells with adenovirus(6).

The total phospholipids of the HeLa cell
after poliomyelitis virus exposure have been
fractionated by chromatography in an at-
tempt to investigate which of these fractions
are involved during lipid phosphorylation
(7). In the present investigation an attempt
has been made to separate mitochondria of
HeLa cells after poliomyelitis infection and
fractionate the phospholipids by chroma-
tography to ascertain if these lipids of this
cellular fraction are involved in this process.

Materials and methods. Hela cells were
grown in growth medium in 200 ml culture
flasks, in a stationary state at 36° accord-
ing to the procedure of Syverton et al.(8).
After 14 days, the growth medium was re-
moved and cells rinsed 3 times with modified
Hanks’ solution(8) containing 0.1% glucose,
0.8% Na(Cl and 0.04% KCl. Fifteen min-

utes before virus inoculation, the growth me-
dium was discarded and the HeLa cells were
rinsed 3 times with 10 ml aliquots of modi-
fied Hanks’ solution(8). The culture flasks
to be inoculated with the virus received 8
m! of maintenance medium(8), and controls
9 ml. The maintenance medium consisted of
90 parts of maintenance solution(8) and 10
parts of chicken serum. Cultures inoculated
with virus received, in addition to the main-
tenance medium, 1.0 ml of poliomyelitis vi-
rust (10742 TCID;,) (TCID;, = the dilu-
tion of the virus just sufficient to kill 50%
of the 5-day-old cultures in the test). Cul-
ture flasks were incubated for 4 hours. Thirty
minutes before the cells were harvested 1.0
ml NaH,**PQ, containing 80 uc was added.
This time interval corresponds to the ascend-
ing part of the specific activity time curve,
where synthesis of phospholipids occurs in
the HeLa cell greater than breakdown(9).
At the time of harvesting the cells were
scraped from the wall of 10 culture flasks
with a rubber policeman and pooled and
mixed in modified Hanks’ solution(8), and
an aliquot was removed for cell counting.
The remainder of the cell suspension was
centrifuged in the cold at 2000 X ¢ for 3
minutes. The supernatant fluid was poured
off and cells were homogenized in a Potter-

* Supported by grant from Nat. Inst. Health.

t Type 1 (Mahoney strain).





