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In  connection with studies on the ability 
of different sugars to support the growth of 
Lactobacillus bifidus and its unbranched 
mutants(l), it was observed that if any of 
the sugars was sterilized by filtration and 
added to autoclaved, sugar-free medium, there 
was usually a negligible amount of growth. 
Orla-Jensen(2) found that for growth of 
lactobacilli sugar must be autoclaved with the 
medium or with the nitrogen source (yeast 
extract). Sugar autoclaved separately and 
added to autoclaved medium did not support 
growth. The effect was attributed to the 
action of decomposition products of sugar 
such as methylglyoxal. Methyglyoxal itself 
was tested and found to be effective, but it 
also had to be autoclaved with the yeast ex- 
tract. Smiley, Niven, and Sherman(3) work- 
ing with Streptococcus salivarius, and later 
Rabinowitz and Snell(4) and Snell, Kitay and 
Hoff- Jorgensen ( 5 ) , using L. bulgaricw ob- 
served a somewhat different reaction. They 
iound that growth of the organisms was sup- 
ported when the sugar was autoclaved separ- 
ately under alkaline conditions and added to 
autoclaved medium. I t  was suggested that 
in the presence of such decomposition products 
oi sugar as pyruvic acid, a favorable oxidation- 
reduction potential was developed in the 
medium. Pyruvic acid could, in fact, replace 
the autoclaved sugar. The present investiga- 
tion describes studies carried out to determine 
what factors were involved in the requirement 
oi L. bifidus for autoclaved sugar. The first 
experiments were directed toward identifica- 
tion of a possible growth stimulant, either a 
degradation product of sugar or some sub- 
stance formed by reaction of sugar with amino 
acids, such as the compounds described by 
Maillard(6) and others. I t  was found that 
sugar au toclaved with cystine supported 
growth in medium autodaved without sugar. 

Subsequent tests indicated, however, that this 
effect did not depend on the formation of a 
growth stimulant during autoclaving since the 
same result could be obtained by using sugar 
and cystine sterilized by seitz-filtration, or 
indeed by sterilizing the whole medium by 
seitz-filtration instead of by autoclaving. The 
medium contained a high level of cystine, 2 
mg per tube, since it has been shown that there 
may be extensive destruction of sugar during 
autodaving(7,8). I t  was established that 
failure of L. bifidus to grow in medium auto- 
claved In the absence of sugar was a result 
of the formation in medium so treated of some 
toxic decomposition product of cystine. Sugar 
autoclaved with the medium prevented the 
formation of such products by its reducing 
power. The toxicity could be overcome by 
adding to the autoclaved medium certain re- 
ducing substances, in particular those con- 
taining sulfhydril groups. 

Experimental. Studies were made on L. 
bifidus and the unbranched mutant, Strain A, 
which have been described(9). Since the re- 
sults with the two types of organism were 
identical, data will be presented only on the 
bifid strain. The medium was the nlodifica- 
tion of the Teply-Elvehjem medium used by 
Norris, et aL(9).  Double strength medium 
(without sugar) was prepared in advance and 
sterilized in 2 liter flasks by autoclaving for 
10 minutes a t  15 Ib pressure. At the time of 
the experiment, 5 ml of basal medium was 
transferred to each culture tube, any desired 
supplements were added, and the tubes were 
autoclaved for 10 minutes. Ascorbic acid 
(1 rnl of a 1% solution) was always seitz- 
filtered and added aseptically to the auto- 
claved medium. Where noted, sugar and other 
supplements were either autoclaved separ- 
ately from the medium or seitz-filtered and 
added aseptically. Solutions were prepared 
so that the amount of supplement for each test 

* Supported by a grant of Wyeth, Inc. was contained in 1 to 3 rnl. In all cases the 



TABLE I. Productkm and Prevention of C y s t i ~ i ~  Toxicity in  Autoclaved Medium. 

Trcn tiiirnt Acid produc- 
of sugar- tion, ml .l N 

free lnediunl Treatnient of lac tost. Suppleiiients, 111g i n  40 hr 
-- - -- . . - - - - - . - - . - - . -. - -- 

Pyruvic acid, 10 1 
C'ystinr, G I  
C'ysteiiic HC'I, Ci 1 
Tliioiiialic. acid I 
Tl~ioglycollic avitl Seitz-filtered 
;\scorl)ic acid,: 1.5 

t ' 0 I 
Reduct one, 30 1 
Ascorbic acid,: 40 + I 

~erluctone, 30 J 

Autoclitvctl with nlediuin 
Seitz-filterc~l 
Autoclaved with ~nediuiil 
Seitz-filterrd 
Autoclaved with aiediun~ 
Seitz-filterccl 

$ 9  

1 )  

1 P 

$ 9  

Autoclaved with med. 
9 1 9  11 

,. 1 9  1 1  

9 .  1 1  $ 1  

separately, p H  7 
" p H  1.5 
" pH 1.5 

Seitz-filtered 

12x1). 3-JI~diun1 with no ascorbic acid 
Seitz.filtertd ('vstine, t i  Seitz-filtered 

1 )  ('f-steinc HCI, (i 1 1 

- 
- 1)itt:l in Esp .  1 11:1vc been taken fro111 four asssys. Since the control t i t rat ion was almost the same 

i l l  thr  4 tests, intliviclual espcriiiicnts 11;lvc not 1)een talmlntetl separately. 
1 The d.ifferenw lwtu-eel1 these s a i i i l ~ l e~  wits ere11 illore iiiarkecl a t  It; 11r wllen the titrations were 

1.8 1111 and  7 ml. 
: I11 addition t o  the 10 nig of as~o1.1)i~' acid routin(b1.v present in the airdiniii. 

h a 1  volume in each tube was 10 ml. The 
concentration of sugar used was 350 ~ n g  per 
tube. In the esperinients reported lactose was 
used. Similar results were obtained when 
glucose or galactose was substituted for lac- 
tose. 

If for L. bifidus as for L. salivarius and L. 
bdgc2ricus(3-5) the favorable effect of auto- 
claving sugar depended on the formation of 
some breakdown product, addition of auto- 
claved sugar to medium sterilized without 
sugar should stimulate growth. However, 
sugar autoclaved separately from the medium 
under alkaline conditions allowed only s l i~h t  
growth. Seither did addition of pyruvic acid 
( 10 mg per tube) stimulate growth (Table I? 
Esp. 1). To test the possibility of the forma- 
tion of a growth stimulant by a XIaillard re- 
action. lactose was autoclaved with a mixture 

of alanine, cystine: and tryptophane. These 
3 amino acids were always present in the 
medium as supplements to the casein digest 
used as the source of nitrogen; the amount 
added with the lactose doubled the usual con- 
centration. When the autoclaved lactose- 
amino acid mixture was added to medium 
autoclaved without sugar, growth was as good 
as when the lactose was autoclaved with the 
medium. When each amino acid was tested 
individually by autoclaving it with lactose, 
it was found that only the combination of 
cystine and lactose supported growth. 

These findings appeared to be in accord with 
the assumption that interaction of lactose with 
cystine during autoclaving might lead to for- 
mation of a specific growth stimulant. How- 
ever, this hypothesis became untenable when 
it  was found that the mixture of cystine and 



lactose was as effective when it was sterilized 
by seitz-filtration as when it was autoclaved 
(Table I, Exp. 1). That the value of auto- 
claving cystine with sugar did not depend on 
the formation of a growth stimulant was veri- 
fied by sterilizing the whole medium by filtra- 
tion. Unautoclaved medium promoted growth 
as effectively as did autoclaved. 

In  another series of experiments (Table I, 
Exp. 2 )  the basal medium contained no supple- 
ment of cystine, so that the only source of this 
amino acid was the casein digest which fur- 
nished about 0.2 mg per tube. This low- 
cystine medium also was autoclaved with and 
without lactose. When the lactose was added 
before autoclaving growth of the organism 
was very poor. However, when the lactose 
was added aseptically to medium which had 
been autoclaved, acid production approached 
maximum rate and amount. These results 
were the opposite of those obtained with 
medium of high cystine content: in high- 
cystine medium autoclaving with sugar was 
essential, growth in medium to which the 
sugar was added after autoclaving being small 
or completely inhibited, whereas in low- 
cystine medium autoclaving in the absence of 
sugar allowed good growth while addition of 
sugar before autoclaving reduced acid pro- 
duction to about one-third the usual level. 

I t  has been reported on the basis of both 
chemical ( 10) and microbiological ( 7,8) studies 
that the presence of reducing sugar increases 
the rate of destruction of cystine and cysteine 
during autoclaving. I t  is probable that in 
the low-cystine medium in the presence of 
sugar so much cystine was destroyed during 
autoclaving that full growth of the organism 
was impossible, while in the absence of sugar 
or in medium supplemented with cystine, the 
cystine level was not reduced below the 
amount required for good growth. That there 
was no growth in high-cystine medium auto- 
claved in the absence of sugar in contrast to 
the excellent growth in low-cystine medium 
might be explained by the formation of some 
inhibitory substance from cystine, which was 
present in effective amount only when the 
level of cystine in the medium was high. Evi- 
dence for the toxic origin of growth inhibition 

sugar was furnished by experiments in which 
cystine in aqueous solution ( 2  mg in 3 ml 
water), autoclaved for one-half hour, was 
found to inhibit the growth of L. bifidus 
when it was added to autoclaved complete 
medium at  the usual level of 2  mg per tube. 
Cysteine, on the other hand, was not toxic 
whether autoclaved with the medium or separ- 
ately (Table I, Exp. 2 ) .  

I t  has been mentioned that cystine or 
cysteine added aseptically with lactose to high- 
cystine medium autoclaved without sugar were 
effective in overcoming the inhibitory effect 
of the autoclaved cystine. Cystine was as  
effective as cysteine only when the medium 
contained ascorbic acid. In medium from 
which the ascorbic acid was omitted the rate 
of acid production was much slower with 
cystine than with cysteine (Table I, Exp. 3 ) .  
Thioglycollic and thiomalic acids could be 
substituted for cystine or cysteine, but were 
somewhat less effective. Ascorbic acid up to a 
level of 50 mg was ineffective in counteracting 
the effect of autoclaved cystine. In  contrast, 
reductonet a t  the 50 mg level allowed con- 
siderable growth, although it was much less 
effective than the sulfhydril compounds. 

The protective effect of autoclaving cystine 
in the presence of lactose was probably due 
to the reducing properties of lactose. A non- 
reducing sugar would not be expected to 
prevent the development of toxicity in auto- 
claved cystine. This would explain the fact 
that under the usual experimental conditions 
sucrose did not support the growth of L. bi- 
$ d m (  1 ) . There was growth on sucrose when 
it was used in unautoclaved medium or in 
medium supplemented, after autoclaving, with 
unautoclaved cysteine, although even under 
these conditions neither the rate nor the total 
amount of growth was as great as with lactose. 

Discussion. The toxic substance formed 
from cystine was presumably an oxidation 
product since autoclaving the medium in the 
presence of reducing sugar prevented its ap- 
pearance and the toxicity was reversed by 
the addition of cysteine or related sulfhydril 
compounds or of reductone (ene-diol form of 
. -- 

t Kindly furnished by Professor R. Kuhn, Heidel- 
in the high-cystine medium autoclaved without berg. 



hydroxymethylglyoxal). I t  is of interest that 
reductone was active whereas ascorbic acid 
was ineffective since both owe their reducing 
activity to an ene-diol structure. 

Schuhardt et a l . ( l l )  and Rode et aL(12) 
found that cystine when autoclaved in neutral 
solution (but not when autoclaved a t  pH 1.5) 
was toxic for brucellae: and explained the 
toxicity of some lots of tryptose by the forma- 
tion oi osidation products of cystine on stand- 
ing. 1-nder the conditions of our experiments 
cystine was toxic after autoclaving in acid as 
well as in neutral solution. Recently Schu- 
hardt c t  a2.(13,14) have identified the sub- 
stance toxic to brucellae as elemental sulfur. 
Following this report the toxicity of colloidal 
sulfur: ior L. bifidus was tested. Growth of 
the organism was inhibited by sulfur added to 
the autoclaved medium but the amount re- 
quired for complete inhibition was large, about 
10 r per ml, whereas the growth of brucellae 
had been inhibited by 0.1 to 0.2 7 of sulfur per 
ml. The toxic effect of the sulfur could be 
reversed by autoclaving it with the complete 
sugar-containing medium or by addition of 
cysteine with the sulfur. 

These esperiments emphasize the import- 
ance and variety of interactions among the 
components of the medium, particularly under 
the severe conditions imposed by autoclaving. 
With a high level of cystine in the medium 
autoclaving with sugar was beneficial, with a 
low level of cystine, detrimental. Low con- 
centrations of sugar were not tested but would 

The method by which the colloidal sulfur used 
in his experiments was prepared was kindly furnished 
to the authors by Dr. 1'. T. Schuhardt. 

surely modify the picture. An apparent com- 
plete failure of sucrose to support growth in 
the usual medium was a reflection of the fact 
that it is not a reducing sugar. 
Summary. Autoclaved cystine is toxic to 

L. bifidus. Autoclaving in the presence of 
reducing sugar prevents development of the 
toxic product. The toxicity may be counter- 
acted by addition, after autoclaving, of 
cysteine, thioglycollic or thiomalic acids, re- 
ductone, or cystine itself with ascorbic acid, 
but not by addition of ascorbic acid alone. 
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Wright ( 1) described a strain of Streptococ- sugar. Since that time, several workers have 
cus thermophilus which grew more readily discussed organisms which utilize disaccha- 
with lactose or sucrose than with any other rides more readily than their constituent 


