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 Recently we reported that L-lysine potentiat-
ed the antibacterial activity of N5-hydroxy-L-
arginine against Escherichia coli (Davis 113-3), 
and that the inhibition by this combination 
could be relieved by addition of cyanocobala-
min to the growth medium for this organism.'' 
FisCHER et al2) also noted that this combination 
was a potent growth inhibitor of several 
Gram-positive and Gramnegative bacter, and 
we have been interested in extending these 
studies to examination of lysine analogs and 
other antimicrobial agents. 

  Among the compounds used were the anti-
bacterial3,4) thialysine (S-(J3-amino-ethyl)-L-
cysteine), the antibacterial5) DL-4-oxalysine, 
and 33-lysine, a component of the streptothri-
cin group of antibiotics. All of these poten-
tiated the inhibition of growth of E. coli 
(Davis 113-3) by N5-hydroxy-L-arginine in 
chemically defined medium" where vitamin

B,2 was the growth limiting component. 
Some of the data are summarized in Fig. 1 
where these compounds are compared with 

L-lysine and hydroxylysine mentioned previ-

ously." D-Lysine and ornithine were ineffec-
tive as potentiators of N5-hydroxy-L-arginine 
in this test system. Similar results (Fig. 2) 

were obtained with Pseudomonas aeruginosa 

(ATCC 10145, a strain used for antibiotic 
testing) when grown in this chemically defined 
medium. Less elaborate studies using Bacillus 
subtilis (Marburg), Staphylococcus aureus 

(1206 and 209P), Sarcina lutea, Escherichia 
coli (strains B, 8 and 156), Klebsiella pneu-
tnoniae (ATCC 10031), Proteus mirabilis (ATCC 

12453), and Candida albicans (growing in the 
chemically defined medium supplemented 

with 0.25 g/liter of yeast extract) confirmed 
the potentiating effect of L-lysine L-thialysine 

and DL-oxalysine on the growth inhibitory 

effect of N5-hydroxy-L-arginine. 
  As most Gram-positive and Gram-negative 

bacteria contain meso-diamino-pimelic acid, 
L-lysine or a related amino acid in their cell 
walls," it seemed possible that a mechanism 

of action of thialysine might involve inhibition 
of incorporation of lysine into the cell wall. 

If this is the situation, then thialysine should 

act as a potentiator of those antibiotics which

Fig. 1. Potentiation by lysine and analogs of 
 inhibition of E. coli (Davis 113-3) by N5-
 hydroxy-L-arginine.

Fig. 2. Potentiation by lysine and analogs of 

 inhibition of Ps. aeruginosa by N5-hydroxy-

 L-argi nine.
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have as their mechanism of action inhibition 
of cell wall biosynthesis. This was tested 

by the gradient plate method using a glucose-
salts agar with 0.25 g/liter Difco yeast extract 
and 0.1 g/liter L-thialysine (this concentration 

did not inhibit growth of the test organisms). 

The test organisms were grown in nutrient 
broth and then the cells were washed with 

sterile saline solution. These washed cells 
were streaked on the agar surface and the 
change in m.i.c. determined by the differences 

observed with growth on gradient plates 
which didn't have the thialysine supplement. 

Some of the data collected are summarized 
in Table 1. 

  Thialysine was effective in increasing the 
sensitivity of these bacteria to several types 

of antibiotics (if the bacteria were sensitive 
at all), and in many instances this increase 
was about 20-fold, i.e. the m.i.c. decreased 

by about 95 go. When a peptone medium 
was used, no potentiation was noted, and 

when L-lysine was added to the salts-glucose 
basal medium at 0.1 g/liter, no potentiation 
was observed (an observation that was 

expected in view of the SHIOTA et all," 
observations). Other substances effective in re-
versing the L-thialysine potentiation included L-

lysyl-L-phenylalanine, L-lysyl-L-valine, L-lysyl-
L-lysine, and a-glycyl-L-lysine. Substances 

ineffective included D-lysine and L-lysyl-gly-
cine. The potential utility of L-thialysine-

antibiotic mixtures in vivo remains to be

determined. Since L-thialysine undergoes 
acetylation and transamination by bacterial 
enzymes9,10), it may be metabolized in vivo 

too rapidly to be an effective potentiator in 
infected animal systems.
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 subtilis 
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 coccus 
 aureus 

(209P)

Sarcina 
 lutea

Escheri-
chia coil 

 (B)
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nas aerugi-
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 (ATCC 
 10145)

Proteus 
mirabilis 
(ATCC 
12453)

Kiebsiella 
penumoni-
ae (ATCC 

 10031)

Penicillin G 

Ampicillin 

Cephalothin 

Cycloserine 

Vancomycin 

Lincomycin 

Novobiocin 

Tetracycline 

Chloramphenicol 

Neomycin

95 

95 

95 

95 

95 

95 

95 

95 

95 

95

95 

95 

95 

95 

95 

95 

95 

95 

95 

95

95 

95 

95 

95 

95 

95 

95 

95 

95 

95

95 

95 

95 

95 

95 

95 

95 

95 

95 

95

no change 
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  50 
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no change 

no change 

no change 

no change 
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no change

no change 

no change 

no change 

no change 

no change 

no change 

no change 

  50 

no change 

no change

no change 

  50 

  50 

no change 

no change 

no change 

no change 

  50 

no change 

no change

no change 

  75 

  50 

no change 

no change 

no change 

no change 

  50 

no change 

no change

All evaluations done using gradient plate streak test method with salts-glucose agar supplemented 

 with 0.25 g/liter Difco yeast extract and 0.1 mg/ml of L-thialysine.
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