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Effect of Methionine upon Utilization of DL-Humocystine by Brmelln suis 
(19744) 

C. E. LANKFORD, L. J. RODE, AND V. T. SCHUHAHDT. 
From the Brucellosis Research Laboratory of the  Claytolz Fourtdation atzd the Department of 

B a ct erio 1 o g y, University 

-4lthough homocyst(e)ine has not been iso- 
lated from biologic systems it is accorded an 
intermediate position in the present concept 
of the L-cysteine + L-methionine transforma- 
tion ( 1 ) . Available evidence indicates the 
participation of both these latter amino acids 
in protein synthesis. Hence, any organism 
capable of utilizing either as its sole source 
of sulfur is assumed to )be capable of convert- 
ing this compound to the other according to 
its needs. If such an assumption is correct, 
i t  seems reasonable that such an organism 
would be equally capable of utilizing an exo- 
genous supply of the common intermediates, 
provided these encountered no permjeability 
barrier in passage to the centers of cell me- 
tabolism. Conversely, the failure of a com- 
pound, designated as an intermediate, to 
serve as the sulfur source for this organism 
would cast suspicion upon its projected role in 
the transformation (2) .  It has been observed 
that certain Brucellae which utilize either 
L-cyst (e) ine or L-mtethionine alone, under 
conditions which do not permit utilization of 
DL-homocyst (e) ine, are “stimulated” to 
utilize the latter in the presence of trace 
amounts of methionine. 

of Texas, Austin, Texas. 

Experimental results. Brucella suis utilizes 
either L-cystine, L-cystathionine, or L-meth- 
ionine as sole source of sulfur in a medium 
containing mineral salts, essential vitamins, 
L-asparagine, and lactate (3 ) .  Lactate plays 
an important, although undefined, role in the 
sulfur metabolism of thcese organisms, since 
its omission from the asparagine mledium 
creates a requirement for cyst(e)ine. The 
asparagine and lactate components of the 
medium may, however, be replaced by an 
oxidizied casein hydrolysate( 3)  without alter- 
ing the capacity of B. suis to utilize L- or DL- 
methionine. Since growth was somewhat more 
rapid in the latter medium, it was substi- 
tuted for the asparagine-lactate medium in 
certain phases of this study. 

The experimental procedures and the 
sources of the B. suis cultures have been de- 
scribed previously(3). Each sulfur compound 
was added to the basal medium in a freshly- 
prepared, filter-sterilized solution. Its con- 
centration in the medium is expressed in terms 
of micrograms or millimicrograms of sulfur 
per ml. The grlo’wth response of standardized 
inocula (1001 to 200 thousand viable cells per 
ml) was determined turbidimetrically after 3 

TABLE I. Relation of Methionine Omtambation of DL-Homocyst (e) ine to Utilization 

Estimated met hi mine 
content (% by) 

Micro- required for growth 

by Brucella suis. 

Homocyst (e) ine 

biological Chromatog- of B. swis 1722: 
Homocyst (e) ine” assay t raphy (pg sulf ur/ml) 

f Sample 1 5-10 5-10 2 
DL-Bomocystine ” 2 5-10 5-10 2 (2) 

DL-Homocysteine .25 zk !I >5 
DL-Homocysteine thiolact one .35 >5  

O §  >10,<25 

~ __ ~ ~ 

* The DL-homocystine and the DL-homocysteine were commercial samples. The DL-homo- 
eysteine thiolactone was kindly supplied by Dr. B. P. Wagner, Department of Zoology, 
University of Texas. 

t Based ,on assay with methionine-dependent strain Brucella melitensis 2460. 
$ When the homocyst(e)ine wa8 supplied as the sole sulfur source. 
$ No methionine apot detected. 
11 Doubtful rnethionine spot. 
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to 5 days incubation a t  37°C. 
Initial investigations of the availability of 

DL-homocystine” for 10 strains of R.  suis 
yielded inconsistent results which were related 
to the different commercial samples under test. 
By paper chromatography, and by assay with 
a strain of Bruce& iqzelitensis which has an 
absolute requirement for methionine. a direct 
correlation was established between meth- 
ionine content of the DL-homocystine sam- 
ples and their utilization by B. suis 1722 
(Table I).  After recrystallization several 
times sample KO. 3 yielded a product which, 
in the absence of added methionine, supported 
no growth of the test strain after 3 days’ in- 
cubation with amounts up to 40 p g  DL-homo- 
cystine sulfur per ml (Fig. 1 ) .  Other more 
sensitive strains, as B .  suis lC ,  required more 
rigid purification of homocystine in order to 
eliminate appreciable growth response in the 
absence of the methionine supplement (Fig. 
2 ) .  Although DL-homocysteine and the thio- 
lactone were not subjected to purification. 
their activity was no greater than DL-homo- 
cystine of comparable methionine content. 

When 10 millimicrograms of DL-methionine 
per ml were added to the medium containing 
purified DL-homocystine, a striking growth 
response ensued (Fig. 1). This effect was de- 
tectable with as little as 1 millimicrogram of 
methionine sulfur, although for maximum re- 
sponse in the presence of 2 to 5 pg of DL- 
homocystine sulfur, 10 to 20 millimicrograms 
of methionine sulfur per ml were required. 
Although utilization of the impure prepara- 
tions of DL-homocysteine and its thiolactone 
was stimulated by a supplement of 10 milli- 
micrograms of methionine. utilization of lower 
concentrations was somewhat inferior to that 
obtained with DL-homocystine under com- 
parable conditions. 

The growth response to homocystine was 
roughly proportional to the concentration of 
rnethionine within the range from 1 t o  10 milli- 
micrograms (Fig. 3) .  I t  is significant that 
other known biological effects of amino acids 
can be detected only in quantities 10 to 10.0 

* Commercial1 preparations, probalbly diasteroiso - 
meric mixtures approximating 2.5% D-D, 2 5 7 0  L-L, 
and SO% D-L. 
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F I G .  1. Effect of niethionine concentration on 
utilization and  zonal toxicity of DL-homocystine. 
Tested i n  .l% oxidized casein hpdrolpsate medium. 

FIG.  9 .  Effect of piirification of DL-hornocys- 
tint’, and of added methionine, on  growth in .170 
ovidizcd casein hydrolysate mrdium. 

FIG. 3. Relation of niethioiiine cloncentration to  
utilization of DL-hornocystine. Basal medium & 
.1% oxidized casein hydrolysake. 10 mpg DL- 
methionine alone produced no visible growth. 

times greater. 
One of the unusual aspects of the growth 

response to DL-homucystine and DL-homo- 
cysteine in the presence !of the methionine 
supplement was the form of the dose response 
curves. Relatively high concentrations of 
hlomocyst (e) ine were squi red  before growth 
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was initiated. and the subsequent response 
seldom was in direct proportion to increased 
concentrations of homocyst (e) ine. In some 
experiments it appeared as though there was a 
threshold concentration of homocystine below 
which it was not utilized, and above which 
assimilation was complete (Fig. 1). Although 
higher concentrations of methionine increased 
the sensitivity of response to homocystine, 
even an amount sufficient to produce detecta- 
ble growth when used alone (about 20 milli- 
micrograms per ml) failed to alter the sig- 
moidal character of the homocystine response 
curve. Moreover, at  low concentrations of 
methionine the response curve indicates a 
zonal utilization of homlocystine. If the con- 
centration of homocystine exceeded that which 
produced the maximum response, a “toxic” 
effect became evident. This inhibition could 
be reversed by increasing the methionine con- 
centration (Fig. 1). Riesen and colleagues 
(4)  encountered a similar response of Lacto- 
bacillus pentosus to DL-bomocystine. 

D-. DL-, and L-methionine have been found 
equally effective in promoting utilization of 
homocystine in the asparagine-lactate medium. 
In  the (oxidized casein hydrolysate medium, 
however, D-methionine was inactive. By the 
addition lo€ supplements !of peroxide- treated 
casein hydrolysate to the asparagine-lactate 
medium it  was demonstrated that the former 
inhibits utilization of D-methionine bv B .  suis 

1 7 2 2  and 1C. This inhibititon can be repro- 
duced with 100 pg of DL-methionine sulfone. 
From quantitative considerations, however, 
this sulfone cannot be considered as the only, 
or even the most potent, inhibitory substance 
in peroxide-treated casein hydrolysate. It ap- 
pears likely that the oxidized casein inhibits 
conversion of D- to L-methionine, since B. 
melitensis 2460 utilized only DL- or 1;- 
methionine in its presence, or in the presence 
of DL-methionine sulfone. In the asparagine- 
lactate medium, however, the utilization of D- 
methionine by this organism is equal to or 
slightly superior to the utilization of L- 
methilonine. .Somewhat similar observations 
on the inhibitory effect of oxidized casein and 
methionine sulfone upon D-methionine assimi- 
lation have been reported for Lact~bacillus 
arabinosus by Caniien and Dunn ( 5 ) . 

The availability lof DL-homocystine as a 
sulfur source in the asparagine medium was 
found to be dependent upon both the lactate 
and the trace methionine supplements. If 
either is omitted grlowth fails to occur. Oxi- 
dized casein hydrolysate, glutarnic acid, and 
pyruvic acid substituted €or lactate in promot- 
ing the utilization of homocystine to the same 
degree that they stimulated utilization of L- 
cystathionine and methionine. These results 
are consistent with the previous suggestion 
that lactate is linked specifically to a reaction 
transforming L-cystathionine to L-cysteine 
( 3 ) .  

Another mechanism enabling B. suis to 
utilize DL-homocystine has been observed. 
Occasionally cultures incubated with recrys- 
tallized DL-homocystine produced delayed 
growth after 8 to 14 days. Transplants from 
such cultures utilize DL-homocystine prompt- 
ly in the absence of methionine, although the 
growth shows the characteristic concentration- 
response lag of the “unadapted” culture (Fig. 
4).  This acquired capacity to utilize homo- 
cystine was retained during transfer in the 
absence of homocystine. I t  appears probable 
that a mutant capable of priompt utilization of 
homocystine was selected in the absence of 
methionine. On the other hand, transfers 
from cultures containing homocystine and as 
much as 8 millimicrograms methionine sulfur 
were no more efficient in utilizing methionine- 

free homocystine than was the parent culture. 
When the concentration of methionine in the 
original culture was reduced to 1 to 2 milli- 
micrograms per ml the resulting growth con- 
tained a mixture of unadapted and mutant 
cells. Apparently the rate and quantity of 
growth in the original culture, as determined 
by its methionine content, is the principal 
factor operating for or against selection of the 
mutants capable of utilizing homocystine. 

Consideration has been given to several pos- 
sible explanations of the failure of purified 
DL-homocystine to functilon in the metabolism 
of B,  suis. For example, inability to reduce 
the disulfide linkage, as observed with certain 
Yeurospora and Bacillus subtilis( 6,7) mu- 
tants, apparently cannot account for its in- 
activity for B. suis, since it is utilized no less 
efficiently than DL-homocysteine at  compara- 
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FIG. 4. Effect of inoculum source on utilization of DL-homocystine in a basal medium contain- 

ing .1%t L-asparagine and . O l %  lactic acid. 

ble concentrations of methionine. ,\lthough 
membrane impermeability to pure homocys- 
tine cannot be ruled out, this explanation 
would require the difficult assumptions of an 
extreme degree of membrane selectivity for 
the next lower homologue, cystine, and the 
elimination of this selectivity by a minute 
amount of methionine. Moreover, it may be 
noted that homocystine utilization was not 
promoted by varying the pH of the medium 
over the range from 6.3 to 8.3, within which 
the response to cystine remain unaltered. 

The possibility has been considered that the 
utilization of DL-homoc yst ine is dependent 
upon an adaptive enzyme which requires a 
trace of preformed methionine for its syn- 
thesis. I t  is difficult, however, to reconcile 
this explanation with the prompt utilization 
of methionine-free L-cystine, which is as- 
sumed to pass through the homocysteine inter- 
mediate in its conversion to methionine. The 
same objection could be raised to the possible 
role of “active methionine” (8,9), functioning 
in a catalytic manner to convert homo- 
cyst (e)ine to methionine, thereby generating 
a continuous supply of methionine. I t  might 
be supposed that an “active homocyst (e) ine” 
is involved in the cysteine + methionine trans- 
formation effected by B. suis. Thus the mu- 
tant B. suis may possess an enzyme system 
for transforming DL-homocystine to the ac- 

tive form, whereas this mechanism is deficient 
or lacking in the wild type, This hypothesis has 
the merit of offering a possible explanation for 
the zonal toxicity of DL-homocystine in the 
presence of suboptimal concentrations of 
methionine, since it might be expected that an 
excess of DL-homocystine would compete with 
the “active intermediate” being formed slowly 
at  low methionine concentration. However, 
it is also possible that the L-L form is the only 
isomer used in the diastereoisomeric complex, 
and that the other unnatural isomers (D-D 
and D-L) complete with the L-L form for 
essential enzyme systems. This inhibition 
might then be reversed by methionine, par- 
ticularly within the “toxic” range of homo- 
cys tine concentration. 

Regardless sf the explanation of the stimu- 
latory effect of methionine upon utilization of 
homocystine by B. suis, i t  may be significant 
that other workers( l0 , l l )  have found that the 
amount of hornlocyst ( e )  ine required to pro- 
duce maximum growth responses of different 
microorganisms exceeds by several fold the 
quantity of methionine or cystine required. 
I t  is possible that the excess was required to 
introduce sufficient methionine contamination 
to provide the stimulation necessary for effi- 
cient utilization of homocyst (e)ine. We have 
observed, for example, that the “methionine- 
less” Eschericlzia coli mutant 58-1 61 ( 11 1 grew 
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more promptly and at  lower concentrations of 
"purified" DL-homocystine in the presence of 
10 millimicrograms \of methionine, although 
some delayed growth occurred in its absence. 
Certainly, conclusions relative to the metabolic 
utilization of homocystine by microorganisms 
must take into account the stimulatory effect 
of traces of methionine. 

Summar??. Brucella suis utilized either L- 
cystine. L-cystathionine, or L- o'r D-meth- 
ionine as sole sulfur source in an asparagine- 
lactate medium. DL-homocystine, DL-hlojmo- 
cysteine. and DL-homocysteine thiolactone 
also were utilized under the same conditions. 
but only to a degree related to their meth- 
ionine content. Purified preparations of DL- 
homocystine were not utilized except in the 
presence of small quantities of supplementary 
methionine. D-. L-, and DL-methionine were 
equally effective in promoting utilization of 
DL-homocystine, and their effect increased 
to a maximum lover a range from 1 to 201 milli- 
micrograms of methilonine sulfur per ml. Oxi- 
dized casein hydrolysate and methionine sul- 
fone inhibited the activity of D-methionine. 

The mode of action of methionine and the 
possiblle significance of these observations are 
considered from the standpoint of the inter- 
mediacy of homocyst (e) ine in sulfur trans- 
formations. 
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Irntnunization of Mice with Inactivated Type 2 Poliomyelitis Virus Against 
Types 2 and 3 Viruses. (19745) 

Jomr CASALS, PETER K. O'LITSKY, AND LENORA V. BROWN.* 
From the Laboratories of The Rockefeller Institute for Medical Research, New York. 

Hom'otypic immunization of mice with in- 
activated suspensions of Type 2 (Lansing) 
poliomyelitis virus has been reported ( 1-3). 
The amount of vaccine needed for definite 
protection of a mouse was derived from about 
40 mg, or more, of infected central nervous 
system (CNS) tissue; Schwerdt et a L ( 4 )  how- 
ever, immunized cotton rats with less ma- 
terial, about 10 mg (Loring et al. (5) ). 

Shortly after the MEFl strain, Type 2. of 
poliomyelitis virus had been successfully 
adapted to newborn mice(6,7), and after it 
was found that sera from persons having 
Type 1 (Brunhilde) virus infection cbut no 

* Dr. Brown's work was aided by a Fellowship 
from The National Foundation for Infantile ParaIysis. 

past or concurrent infection with Type 2 virus 
reacted with a complement-fixing antigen pre- 
pared with the adapted MEFl strain( 8),  the 
present studies were begun. They concerned 
the possibility of an increased immunizing 
power developed by the newbarn-mouse 
adapted MEFl virus and of cross-protection 
after vaccination with it against types other 
than Type 2. In  the studies reported here, 
therefore, vaccines were prepared using both 
the newborn-mouse adapted MEIF1 strain and 
the standard, unadapted, virus. The MEFl 
standard (Type 2 )  and the Leon (Type 3 )  
were used as challenge agents. The reason for 
selecting Type 3 as the hetercrtypic agent was 
that of expediency, namely, the Leon strain 
can be propagated in mice by the intraspinal 


