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Effect of Ascorbic Acid on Cysteine Requirement of Lactobacilli.* (22063) 

STEWART A. KOSER AND JOAN L. THOMAS. 
Walter G .  Zoller Memorial Dental Clinic and Department of Microbiology, University of Chicago, 111. 

In a study of amino acid requirements of a 
collection of oral lactobacilli it was found 
that, in addition to other amino acids required 
for growth, cysteine was needed by 23 of 28 
oral cultures and also by 3 of 5 American 
Type Culture Collection lactobacilli ( 1 ) . This 
result was obtained with a chemically defined 
medium containing 18 amino acids including 
methionine, needed B vitamins, purines and 
pyrimidines, glucose, acetate, and salts. The 
proportion of lac tobacilli requiring cys teine 
under these conditions was: in general, similar 
to the previous result of Dunn et aZ.(2) who 
found that 8 of 12 lactobacilli (exclusive of 
other lactic acid bacteria studied) needed 
cysteine for growth. These lactobacilli were 
mostly ATCC strains obtained originally from 
dairy products or fermentations. Other work- 
ers also have studied the needs of certain in- 
dividual strains which, for the most part, were 

TABLE I. Effect of Ascorbic Acid 011 Cvsteine 
Requirenient of Lactobacilli. 

S o .  of cultures gron-ing in  chemically 
clcfined medium” 

C‘oniplete On omis- Ascorbic acid 
amino acid sion of substituted 

Cultures niedium cTsteiiie for cpsteine 

I,. casci 13 1 2t  
” ,lactose neg. 4 0 0 

L. plantarw i t t  1 3 s 
L. acidopki1ii.s 4 0 0 
L. ferntent i  8 2 6 
L. bt-wi.s I. 

36 6: 11 

- 

0 - 0 _- __ 

+ Tlie climiically defined medium contained 200 
ing DL-nictliionine and 100 ing L-cpteine I-ICZ 
per 1000 nil. The detailed coinposition has been 
gireii elsedl ere (1). 

t Slox- gron-th of 1 of the 2 cultures. 
Tlic ci cultures ~vliich grew on omission of cys- 

tcine were: 1 oral L. casci ,  L. plantaritni ATCC 
8014 ( i .e . ,  I,. nrabiiio.s/ts 17-6 ), 2 oral L. plantarzun, 
L. ferncercti ATCC 9338, aiicl one oral L. f e r m e n t i .  
Growtli of most of these cultures was stimulated 
to  some esteiit 11~- added cysteine though cpsteine 
was not essential for growth. 

* Supported in part by a gran,t from the National 
Institute of Dental Research of the National Institutes 

TABLE 11. Respoiise of Certain Lactobacilli t o  
Ascorbic Acid and Cysteine. 

Additions to medium* 

nation and acid, HC1, Growth,t days 
strainKo. .3mg/ml lOOpg/ml 2 3 4 5-7 

Culture desig- Ascorbic Cysteine 

I,. casri 1006 0 
0 + + 

L. fernieii t i  55  0 
0 + + 

” 1007 0 
0 + + 

L.  c a w i  1009$ 0 
(lactose neg.) 0 + + 

0 3 8 11 13 
+ 78 83 
0 15 27 49 51 + 62 82 
0 1 2 2 1  + 86 88 
0 73 87 + 86 89 
0 2 2 1 2  + 4 5 6 7 6  
0 11 54 66 + 9 17 63 
0 11 14 15 + 80 82 
0 6 10 9 + 78 82 

* The usual synthetic medium minus cysteine 
was used. + ascorbic acid or cysteine HC1 
added in amount indicated, 0 = not added. Solu- 
tions of compounds were sterilized by filtration 
and added to the medium after autoclaving and 
just before inoculation. 

t Figures for growth represent turbidity. Lume- 
tron readings of 70 light transmission with a 650 
inp filter w x e  subtracted from 100. This was done 
for the purpose of showing increasing turbidities 
b ~ -  higher figures. 0 = clear tube, 66 to 87 = 
heavy turbidity, near maximal or maximal growth. 
Incubation vas at 37°C. 

$ Culture 1009 is included for comparison with 
the others. It failed to grow in the absence of 
cysteiiie whether or not ascorbic acid was supplied. 
It is representative of the 25 strains of lactobacilli 
which required cysteine whether or not asc,orbic 
acid was present. 

included in the study of Dunn et aZ.(2) and 
need not be cited in detail here. 

Recently, in continuing our study of cys- 
teine requirement it was found that on addi- 
tion of ascorbic acid to the chemically defined 
medium, cysteine was no longer required by 
certain lactobacilli. Others, though still re- 
quiring cysteine for growth, showed a more 
rapid growth rate in the presence of ascorbic 
acid. These findings are presented here. 

Results. Table I gives the result of tests 
of Health, U. S. Public Health Service (D-68C5). of cysteine requirement and of the substitu- 
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TABLE 111. Effect of Different Amounts of Ascorbic Acid as Substitute for Cysteine in 
Growth of L. fermenti. 

L. f ermenti strain numbers : 
I 6-\ f-----55-\ -1002- - 1 0 0 7 ~ .  

acid,t mg/ml 2 3 4 7 10 2 3 7  2 3 7  3 4 5  
Ascorbic Growth a t  days 

0 0 0 0 0 0  0 0 0  0 0 0 "  0 0 0  
.01 0 0 0  0 0 0  
.1 0 0 0 0 0 1 1 8 1  0 0 5 1  0 0 0  
.3 0 0 0 0 75 63 85 6 59 67 0 19 64 
.5 36 58 60 5 38 40 

1.0 0 0 36 8 1  75 87 55 60 55 0 39 60 
2.0 55 85 8 1  84 43 46 40 25 26 23 

Turbidity is stated as in Table 11. 
++ Occasional slow growth (40 to 50) appeared in from 7 to 10 days, but more often negative. 
t Solutions were sterilized by filtration and added to the medium just before inoculation. 

tion of ascorbic acid for cysteine as deter- 
mined for our collection of lactobacilli. Of 
36 lactobacilli which grew in a chemically 
defined medium containing both cysteine and 
methionine (Ibut not ascorbic acid), only 6 
were able to grow when cysteine was omitted; 
30 failed to grow. The distribution of these 
cultures according to species, as determined 
in other work( 1 )  , is given in the table. In  
the last column it is seen that when ascorbic 
acid was supplied 11 cultures (the same 6 
plus 5 more) were able to grow without cys- 
teine. That is, in the presence of ascorbic 
acid a cysteine requirement was no longer 
exhibited by 5 strains: 1 L. casei and 4 
L. fermenti. 

Table I1 shows the individual responses to 
cysteine and ascorbic acid of 3 of the forego- 

ing 5 lactobacilli and also, for comparison, of 
1 other lactobacillus. All failed to grow when 
cysteine was omitted from the usual synthetic 
medium, but grew when 100 pg per ml of 
cysteine 0 HC1 was supplied, though one of 
them (1007) always grew slowly. When as- 
corbic acid was supplied in place of cysteine 
growth of the first 3 organisms occurred. No. 
1006 grew more slowly and not as fully as in 
the presence of cpsteine, 55 responded to as- 
corbic acid as readily as to cysteine, and 1007 
grew slowly when either cysteine or ascorbic 
acid, or both, was supplied. The needs of this 
strain for prompt growth are not known. The 
remaining 2 strains, not shown in Table 11, 
grew promptly when sufficient ascorbic acid 
was supplied in place of cysteine. For all 5 
strains there was an apparent substitution of 

TABLE IV. Effect of Some Sulfur-Containing Compounds When Substituted for Cysteine. 

L. casei L. f ermenti L. fermenti 
S-containing compound Amt, mg/ml 1006 55 1007 

0 0 
Na thioglycolate 

Mercaptosuccinic acid 

.1 

.3 
1.0 

.1 

.3 
1.0 

2-Mereaptoethanol .1 

Na thiosulfate pentahydrate .1 

.3 
l .0 

.3 
1.0 

2 
75 
74 

75 
79 

46 
48 

75 
74 

77 (3) 

79 (3) 

52 (6) 

74 (3) 

0 
85 
74 
84 (6) 
85 (3)  
78 
77 
0 
0 
0 

83 
84 
87 (7) 

Results are for 48 hr at 37°C unless otherwise noted. Slower growth, when it appeared, is 

All tubes were held for 10 to 14 days before discarding. 
indicated by the day in parenthesis following the turbidity figure. 
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FIG. 1. Growth response of 3 lactobacilli to cysteine and to cysteine plus ascorbic acid. 
Cysteine.HC1, 100 pg/ml, was added t o  previously autoclaved medium. The cultures are L. 
plantarum 1019, L. casei ATCC 7469, and lactose negative L. casei 1009; 1019 and 1009 are of 

oral origin. These cultures all require cysteine irrespective of presence of ascorbic acid. 

ascorbic acid for cysteine, though only partial 
in one case. These results were verified by re- 
peated tests. 

The effect of different amounts of ascorbic 
acid is shown in Table 111. One strain regu- 
larly required as much as 2.0 mg per ml of 
medium for prompt growth while 2 others 
grew readily in the Presence of 0.3 to 0.5 mg 
per ml. In  certain instances there was evi- 
dence of some inhibition at  the 2.0 mg level. 

Other reducing substances were tested as 
substitutes for cysteine. In a medium lacking 
both cysteine and ascorbic acid, the cultures 
responded to additions of sodium thioglycolate 
or to mercaptosuccinic acid (Table IV).  2- 
Mercaptoethanol supported moderate growth 
of only 1 of 3, and sodium thiosulfate sup- 
ported good growth of 2 of 3 cultures. Evi- 
dently ascorbic acid per se is not needed and 
the growth promoting effect can be secured by 
appropriate amounts of certain other reducing 
agents, though not all of the compounds are 
effective for all cultures. The apparent re- 
quirement for cysteine on the part of these 
lactobacilli is evidently a need for a reducing 
agent and not for cysteine, or ascorbic acid, 
as a structural entity. 

Lactobacilli which require cysteine in the 
presence of ascorbic acid. Of the 36 lacto- 

bacilli studied, there remained 25 cultures 
which continued to exhibit a cysteine require- 
ment in the presence of ascorbic acid, in con- 
trast to the above cultures. For these 25 cul- 
tures cysteine apparently is needed for pur- 
poses other than the reducing effect. To de- 
termine what effect, if any, ascorbic acid 
might exert on growth of these lactobacilli in 
the presence of cysteine, observations of 
growth were made a t  different intervals with 
ascorbic acid added both to optimum and sub- 
optimum amounts of cysteine. Addition of 
ascorbic acid to a medium containing sufficient 
cysteine for maxima1 growth produced a some- 
what accelerated rate of growth, but not 
heavier final growth (Fig. 1 ) . Similar results 
were secured with all other cultures tested in 
this manner: 1 L. plantarum, 4 L. casei of oral 
origin, and 1 L. fermenti which required cys- 
teine in the presence of ascorbic acid. 

For experiments with suboptimal amounts 
of cysteine 4 strains of lactobacilli were tested 
in the presence of 0, 1, 4, and 10 pg of cys- 
teine HC1 per ml of medium. The last 
amount is sufficient for maxima1 growth of 
some lactobacilli but not enough for others. 
One set of tubes received 0.3 rng ascorbic acid 
per ml, the other received no ascorbic acid. It 
was found that the addition of ascorbic acid 
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accelerated the rate of growth in most in- 
stances, but there was little difference in the 
final amount of growth if the tubes were incu- 
bated a sufficient length of time (Fig. 2) .  
Often several days were required to demon- 
strate this because growth was somewhat 
slower in the presence of the smaller amounts 
of cysteine HCl. 

Discussion. Four of the 5 cultures which 
do not need cysteine in the presence of appro- 
priate reducing agents belong to the hetero- 
fermentative L. fermenti species. This seems 
significant from the standpoint of characteris- 
tics of this organism and its distinction from 
homof ermen tative lacto bacilli. It suggests 
that a cysteine requirement is actually not as 
common among L. fermenti strains as former 
results had indicated and that L. fermenti 
differs from most homofermentative lacto- 
bacilli in this respect. In  our collection of 
cultures, 6 of a total of 8 L. fermenti strains 
grew without cysteine. Two of the 6 (in- 
cluding the well-known ATCC 9338 strain) 
were able to grow in the usual chemically de- 
fined experimental media without additional 
reducing agents, but the other 4 grew without 
cysteine only in the presence of certain re- 
ducing agents. The remaining 2 strains re- 

quired cysteine under all conditions tested. 
Whether other species of heterof ermen tative 
lactobacilli might exhibit deportment similar 
to the majority of L. fermenti cultures is not 
known since a sufficient number of strains has 
not been examined. 

The ability of L. fermenti to dispense with 
preformed cysteine is in contrast to homofer- 
mentative lactobacilli, most of which exhtbit 
a definite requirement for cysteine. In  our 
collection of cultures only L. plantarum was 
somewhat of an exception to this trend in that 
3 of 7 strains did not need cysteine. This 
difference in amino acid requirement is of in- 
terest in connection with another such dif- 
ference recently noted. I n  previous work( 1) 
it was found that threonine was either a defi- 
nite requirement or stimulated growth of 5 
L. fermenti strains, but was neither essential 
nor notably stimulatory for homofermenta- 
tive lactobacilli: L. casei, lactose-negative L. 
casei and L. plantarum (including cultures 
designated L. arabinosus and L. pentosus) . 
The present results indicate that the unessen- 
tiality of cysteine for most L. fermenti cul- 
tures under appropriate reducing conditions 
may be considered as another characteristic of 
this species, thus bringing to light one more 
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distinction between L. fermenti and homofer- 
mentative lactobacilli with respect to amino 
acid needs. A summary of other differentiat- 
ing metabolic and cultural characteristics and 
their significance with respect to classification 
of the genus Lactobacillus has been given by 
Rogosa et a2. ( 3 ) .  

The results have a possible bearing, too, on 
assay of cystine by microbiological methods. 
Xot only is the rate of growth of many differ- 
ent lactobacilli accelerated by ascorbic acid 
in the presence of both suboptimum and op- 
timum amounts of cysteine, but an apparent 
cysteine requirement of some cultures, mostly 
L. fermenti, disappears in the presence of as- 
corbic acid or certain other reducing agents. 

Summary. 1. The requirement of some lac- 
tobacilli for cysteine, as determined in growth 
tests with usual chemically defined media, 
disappears when ascorbic acid in appropriate 
amounts, or other reducing substance, is in- 
corporated in the medium. Of 5 strains of 
lactobacilli in this category encountered in a 
collection of 36 cultures, one was L. casei, the 
other 4 were heterofermentative L. fermenti. 
For these organisms the apparent cysteine re- 

quirement appears to be a need for a reducing 
substance and not for cysteine per se. Many 
L. fermenti strains evidently do not require 
cysteine though this may not always be ap- 
parent with some of the commonly-used syn- 
thetic media. 2.  In  contrast to L. fermenti, 
other lactobacilli-most L. casei, lactose- 
negative L. casei, L. acidophilus, and the ma- 
jority of L. plantarum-require cysteine for 
growth in the presence of ascorbic acid. The 
rate of growth of these lactobacilli often is 
accelerated by ascorbic acid in the presence 
of either suboptimal or optimal amounts of 
cysteine. 3. Some implications of these find- 
ings concerning microbiological assay of cys- 
teine and the distinguishing characteristics of 
heterofermentative L. fermenti and homofer- 
mentative lactobacilli are discussed. 
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Comparative Study of Orosomucoid Preparations from Sera of Six Species 
of Mammals.* (22064) 
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and of Biological Chemistry, University of Illinois Coilege of Medicine, Chicago. 

The presence of an electrophoretically and 
ul tracen tr i f ugall y homogeneous acidic protein 
of very high carbohydrate content has been 
demonstrated in normal human plasma( 1-4). 
This glycoprotein, designated orosomucoid 
( 5 , 6 ) ,  is one of the major components(5) of 
the “mucoprotein fraction” of human serum 
(6 ,7) .  “Jfucoprotein” fractions have been 
demonstrated in the serum of many animal 
species( 6- 16). It appeared of some interest 

* Supported by grants from the American Trudeau 
Society ; American Cancer Society ; and Xational 
Cancer Institute, National Institutes of Health, Public 
Health Service. 

to determine whether proteins with charac- 
teristics of orosomucoid are also present in 
the blood of other species. In the present 
studies orosomucoid has been prepared from 
normal, pooled beef, guinea pig, horse, rabbit, 
and rat serum, and has been compared with 
that isolated from human plasma. 

Il/lateriaZs and methods. Serum orosomu- 
coid was separated by a procedure previously 
reported(1). To 500 ml of pooled serum 
from normal animals was added 500 ml of 
0.1 M sodium acetate and 360 g of ammon- 
ium sulfate.+ The precipitated proteins were 

t E,rroneously reported previously (1) as 2.73 Molar. 


