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Enzymes of L-forms and their revertants of pathogenic bacteria remain at the center of attention of microbiologists and 

biochemists, for as a result of their study we can come closer to an understanding of the mechanisms of pathogenesis and 

formation of new varieties of microorganisms, and to visualize the nature of the structural-metabolic transformation which may 

lie at the basis of L-transformation of bacteria and reversion of L-forms. 

The writers showed previously that single cells of Sh. flexneri can be converted into L-forms as a result of a single 

exposure to the 5-nitrofuran derivative, furazolidone [1]. Some revertants of these L-forms were found to be similar in their 

morphological and cultural properties to bacterial cells of Escherichia coli strain A2, which is a producer of a neutral protease 

specifically cleaving actin, with the formation of a stable fragment with mol.wt, of 36 kD [2-4]. The aim of the investigation was 

to demonstrate analogous proteolytic activity in cell extracts of eight revertant strains of L-forms of Sh. flexneri, exhibiting 

cultural and morphological similarity with E. coli strain A2 and also to compare these strains by their biochemical properties and 

their sensitivity to antibiotics with different mechanisms of biological action. 

EXPERIMENTAL METIIOD 

Strain Sh. flexneri 2a 4115 was isolated from a patient with dysentery [1]. L-forms of the bacteria were induced by a 

single treatment with furazolidone (0.05/~g/ml in 2% serum-salt nutrient agar) at 28~ [1]. Cultures of revertants of L-forms 

were obtained on artificial nutrient medium (spontaneous reversion of L-forms in subcultures on aminopeptide agar) or were 

isolated from noninbred albino mice at different times (5, 16, and 35 days) after experimental reproduction of chronic L- 

infection (2 and 6 strains, respectively). 

Proteolytic activity of the cell extracts was determined by the method used to study activity of cell extracts from strain E. 

coli A2 [4]. The bacteria were cultured on 2% aminopeptide agar (pH 7.2-7.4) at 28 and 37~ without aeration for 1-5 days. The 

cells were destroyed by ultrasound or by several cycles of freezing and thawing. The extract was clarified by centrifugation at 

15,000 rpm for 40 min and added to a solution of actin (or other proteins) with a concentration of 1 mg/ml. The mixture was 

incubated for 1 h at 20~ and subjected to polyacrylamide gel electrophoresis in the presence of sodium dodecylsulfate. The gels 

were fixed in a mixture of ethanol and acetic acid and stained with Coomassie G-250. The presence of proteolytic activity was 

judged by the appearance of a protein zone on the agar, whose mobility was the same as that of the 36-kD fragment of the actin 
molecule. Electrophoresis in 12% polyacrylamide gel was carried out by the method in [5]. 

Actin was isolated from rabbit skeletal muscles by the standard method [6]. Tropomyosin from rabbit skeletal muscles 

was generously provided by N. B. Gusev (Moscow University). Substrate specificity of the protease was determined also by the 

use of commercial preparations of albumin, casein, and ovalbumin. 
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TABLE 1. Action of Inhibitors on Activity of Protease from 

Strains 5a2c and E. coli A2 

Con- Inhibition, % 
Inhibitor centra- strain strain 

~on, 5a2c E. coli 
A2 

EDTA I 100 100 
L- phenanthro Iine 5 100 100 
Phenylmethylsul fonyl f luor- 1 - -  - -  

ide 

TABLE 2. Biochemical Properties of E. coli A2 and Revertant Strains 

Feature (fermentation or formation of) . . . . . . . . .  

I Strain glu- man- man ~ [su- [lac-[ xyl-lrham-[arabin_]dul- inosi_[sor-[urea ~nle H2S ]slYine phenyi- I . . . . . . . .  [ alanine 

A2 -5 -5 + -5 (4-) _+ . . . . . . . . . .  
Revertants 

5a2c -5 -5 -5 -5 (-5) q- -5 -5 . . . . . . . .  
IV16 "q- q- . . . . . . . . .  ~- -5 . . . .  
9a -5 ( -5)  - -  -- ( - 5 )  -5 -- -- -- -- _+ . . . . .  
V l l  . . . . . . . . . .  +_ . . . . .  

7 + + + - -  ( + )  +_ + + + - -  -5 - -  + - -  _ _ 
IV + + + . . . . . . . . . . . . . .  

427 -5 -5 -5 -- -- -5 . . . .  (-5) -- -- -- -~ -- 
6 + + + - -  + - -  - -  - -  _ +_ _+ - -  - -  _ + + 

Legend. + Fermentation after incubation for 1-2 days, (+)  fermentation after 3 days or more, _ variable (different in 
different subcultures) fermentation: +, (+) ,  or - .  

TABLE 3. Sensitivity of  E. coli A2 and Revertant Strains to Antibiotics and to Furazolidone (MPC, pg/ml) 

Strain I en { i-51 I r ro- iStrepto- Neoray- Gen t a -  i F u r a z o l - i -  
~in mycln iln ~cetin eline !myexn mycln 

cin [ K.anamy- Polly - 
] [ / __! ___It. l i n e  - _ t ] Icxn micin myxin d o n e  

A2 50 200 50 1,0 2,0 50 5,0 2,5 2,5 0,1 0,1 4.- 
Revertants 

5a2e 50 200 50 ! ,0 2,0 50 5000 2500 5000 0,2 O, 1 4- 
IV16 25 50 8 32 12 25 5000 2500 5000 50 100 - -  
9a 25 100 0,4 t,O 12 50 5 2,5 2,5 0,2 0,1 - -  
VII 26 5,0 0,2 8,0 12 50 25 25 25 O,i 50 - -  
7 50 5,0 2,0 2.0 6.0 50 5 2,5 2,5 0,22 0,3 • 
IV 50 200 15 2,0 24,0 25 25 25 25 1,0 O, 1 • 
427 25 200 4 2,0 5,0 50 25 25 25 1,0 0~3 + 
6 50 200 15 4,0 12 50 25 25 25 0,2 0,3 ._+_+ 

Legend. + Marked sensitivity to furazolidone (absence of growth in a concentration of 10-20 pg/ml); +__ moder- 

ate sensitivity (growth in a concentration of 10,20 pg/ml); - resistance to furazolidone (growth in a concentra- 
tion of 40/~g/ml). 

EXPERIMENTAL RESULTS 

To demonstrate proteolytic activity of  the preparation of rabbit skeletal muscle, actin was incubated with cell extracts 

obtained after destruction of bacteria of the initial L-form Sh. flexneri and of eight revertant strains. The results of electrophore- 
sis show that the cell extract of the original strain and of seven of the eight cell extracts of  revertant strains tested did not induce 
proteolysis of actin. Only bacteria of strain 5a2e (isolated from animals infected with the L-form) contained a protease converting 
actin into a fragment with mol.wt, of 36 kD. 

Degradation of actin by cell extract from bacteria of strain 5a2c was inhibited by 5 mM o-phenanthroline and by 1 mM 

EDTA (inhibitors of  metalloproteases) but was not inhibited by 1 mM phenylmethylsulfonyl fluoride (inhibitor of serine 
proteases, Table 1). The results of electrophoresis showed that cell extract 5azc, just like protease of E. coli A2, does not degrade 
casein, albumin, ovalbumin, or tropomysin, suggesting that bacteria of strain 5a2c synthesize a metalloprotease whose specific 
substrate is actin. 
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The biochemical properties of the revertant strains are shown in Table 2. It will be clear from Table 2 that strain 5a2e 

utilizes the same carbohydrates as E. coli strain A2, likewise does not decompose urea, does not deaminate lysine and phenylala- 

nine, and does not form indole or H2S. Unlike the other revertant strains, strain 5a 2c (like E. coli strain A2) hydrolyzes sucrose 

and does not utilize sorbitol. Unlike E. coli, strain A2, strain 5a2c can ferment arabinose and rhamnose. 

Similarity between strains Sh. flexneri 5a2e and E. coli A2 also was demonstrated when their sensitivity to antibiotics was 

compared (Table 3). Both strains exhibited marked sensitivity to tetracycline, levomycetin, polymyxin, gentamicin, and furazoli- 

done, and they were resistant to penicillin, ristomycin, ampicillin, and erythromycin. Distinguishing features from the other 

revertant strains were resistance to ampicillin and sensitivity to furazolidone. Unlike strain E. coli A2, strain 5a2e also was 

resistant to streptomycin, kanamycin, and neomycin. 

Thus, while exhibiting ability to synthesize the specific protease, the revertant strain of the L-form Sh. flexneri 5a2c was 

similar to the producer strain of this protease E. coli A2, but different from the other revertant strains in its biochemical 

properties and sensitivity to antibiotics. Ability to hydrolyze sucrose and inability to utilize sorbitol, resistance to ampicillin, and 

sensitivity to furazolidone correlate with ability to synthesize protease. These results enable the appearance of proteolytic activity 

to be interpreted as a marker of profound structural and metabolic changes in the strain under the influence of furazolidone. 

Similarity between strains E. coli A2 and the revertant strain of the L-form Sh. flexneri 5a2c indicates that strain E. coli 

A2 may have originated as a result of L-transformation. 

The further study of the ability of bacteria and, in particular, of revertants of the L-form of shigellas to synthesize 

specific protease will be interesting in connection both with the solution to problems of the pathogenicity of shigellas consider- 

ing that actin is a structural protein of the cell), and also for experimental reproduction of bacteria producing substrate-specific 

protease. 
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