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Pal&a found (1962, 1963) that tramformable etreptooooci produoe an 

extracellular factor, probably of enzyme nature, inducing competerse in 

non-crompetent cells. A eimilar factor waa isolated by Tomtxez and Hotchkiae 

(1964) from the cell surface of competent cells of Pneumococolur. and wae 

also found in competent cells of Bacillue aubtilia (Charpak and Dedonder, 

1965; Akrigg 33 al., 1967) end Baoillw cerew (Felkner and Wyee, 1964). 

Recently Bar&art reported oompetence-etimulating activity in sterile 

filtrates fromRemophilw influenzae. The oompetexse factor vae not yet 

euffioiently purified to pennib detailed chemical identification. A 

filtrate of the culture of the transformable Strain of Pneumococow con- 

taine in addition to the factor inducing competeme in non-competent cells 

(Kohoutov8. and Yblek, 1966) eleo a subatarrce inactivating traneformiog DNA 

(Ottolerghi and Aotuhkies, 1962; KohoutovB, 1965 and 1967 a, bj Kohoutov& 

and NQek, 1966; Kohoutov8 & &, 1967). Ae the two activities eeem to be 

closely related with genetio transformsbility, we followed both of them in 

the filtrate ofaoulture ofahighly ~fornublestrainofDiplooooow 

pneumoniae R6bd (kindly supplied by Prof. RD.Eotchkiee) during growth and 

ooourreme of the competezse. The eubetance ehow- the above-mentioned 

properties vae later isolated from the filtrate, purified and analyaed in 

more detail. 

124 



Vol. 30, No. 2, 1968 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Samples were taken at regular intervals during growth of a culture of 

the R6bd strain and sterilized by filtration through membrane filter& lbe 

competence of the oulture eaa expressed aa the number of streptomycin-resistant 

transformante per 1 ml and the competence-inducing and DNA-inactivating 

activities were assayed in the filtrate ueisg the methods described at Fig. lo 

Reeidual transforming activity ie expressed ae the ratio of the transforming 

activity of DNA treated with the filtrate to the non-treated one. 
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to ice. Farallel aamples were kept for 
30 min in ice. One ml of a highly 
competent culture was then added and after 

15 min at 37’C the DNase was added. After proper dilution of the eamplea on blood 
agar plates bacteria were grown for further 2 hr to allow phenotypic expression 
of the acquired streptomycin resistance character and the plates were then over- 
layered with egar containirg 150 p streptomycin per ml for scoring of trans- 
formants. 
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x- x DNA mtivating activity expressed as residual 

transf or- activity. 

It follows from Fig. 1 that the peak of competence occurs after 100 min of 

growth of the Pnamo~o~~~e culture. The maximum of the competerme-inducing 

activity is ObserW 50 min later. However, even after 240 min, when the 

recipient cells have loat completely their competeme the filtrate still 

exhibita a high competence-inducing activity (Kohoutov& and Ulek, 19661 

Pakula, 19634 Barr&art, 1967). Tranafon&g INA ia inaCtivatea by the filtrate 
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collected at the peek of oompeteaoe to 5a (Kohoutovk, 19671, whereas the 

filtrate taken after 240 min decreases biological activitg of the traneformipg 

DNA by 95%. 

The subetance inducing competence in non-competent cells was ieolated from 

the filtrate of the Pneumocoocue culture 50 min after the peek of competence 

and partially purified. One volume of the filtrate waa precipitated with 8 

volumes, of precooled (-2O'C) ethanol. The precipitate wae dieeolved in physio- 

logical saline buffered with 0.01 MKp4 to give #I 7,6 and a portion further 

purified by chrontatography on Sephedex G 100 or G 50. All ieolation ani 

purification procedures were oarried out at 0°C. 

Fig. 2. The isolation of the eubstanoe inducing competence and ilrrctivata 
traneforming DNA on Sephadex G 100. Proteine were assayed by measuring abeorption 
at 280 mu. The competence-inducing and DNA-inactivating activitiee were aeeayed 
ae described at Fig. 1. Individual fre,ctione were alrays used instead of the 
filtrate. The eluata 0.(15 Y Tria + 0.01 Y KC1 pH 7,6 nae tied in the control 
inetead of the tranefornmtion medium. 
h- Aabeorbame at 280 mp; e-e competence-induciw activity8 o-o DNA- 
inactivating activity. 

It can be seen in Fig. 2 that the competence-inducing aubetance ie eluted 

ae a sharp peek. It ia of interest that fraction.8 containirrg the competence- 

inducing aubehnee contained in addition elao the eubetance inaotivatillg Wane- 

forming Dlth.Both activities were eluted as a si@s peak even during ohroparto- 

graphy on Sephadex G 50. 
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The relationships between the induction of competence and time of contact 

of the active fraction with noncompetent cells and concentration of the active 

fraction were eleo studied. It followe from Fig. 3A that optimum induction of 

competence occure after about 30 min of contact. Similar results were obtained 

with Streptococoue (F’alcula and Walorak, 19631 Dobrzahki and Csowiecki, 1966). 

0 5 IO 15 20 30 0 0.1 0,2 ml 

minutr octivr fraction 

0 IO 20 30 35 

Fig. 3. Kinetioa of the effect of the oompetenee-inducing eubetance as a 
function of time (A) and concentration of the active frestion (B) on the 
induotion of competence. Kinetiae of the inhibition of induction of competence 
by t-BNA (50 yg) ae a rurYItion of time (C). 

Fig. 3B ahowe that there exiete a linear relationehip between couxntration of 

the active *action and induction of competence in non-competent celle after 

20 min of confactt. Fig. 3C shore that the most etrikixg inhibition of the 

induction of competeme (9%) occure on adding t-RNA to non-competent cella at 

zero time, immediately before addition of the active fraation. The inhibitory 

effect of t-RNA deareaeee with the time of ite addition to the complex of non- 

competent oells ati active fiaation. The addition of t-RNA to this complex 

after 30 min of aontact reaulta in only l8% inhibition of the induotion of 

competence. However, in the presence of the active fraation t-RNA daee not 

147 



Vol. 30, No. 2, 1968 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

inhibit but rather stimulates the uptake of DNA by cells that have already 

acquired competence. 

Fig. 4A shows the inaativation of DNA in the region of linear resporrse 

(2 x 10B3 )zg) resulting from 30 min preincubation with a fraation containing 

the active competence-induoiqg substance. The relationship between the 

inactivation of DNA and time of preincubation of DNA with the fraction is 

linear. Fig. 4B shows the effect of various conzentratione of the active 

Fig. 4. Kinetics of the effect of the active fraotion as a fumtion of 
time (A) and colrcentration of the fraction (B) on irmctivation of trans- 
formillg DEL 

fraotion on the inactivation of traneforming DNA at a concentration in the 

region of linear response (6 x lOa F). The inactivation is a linear 

fun&ion of the coIlcentration of the fraotion. 

The induo- activity of the substaIlce eluted from the Sephadex column 

is relatively thermoreeistant in agreement with the data desaribed by Facula 

(1962) and Dobrzarislci and Osowiecki (1966) in Streptooooous and at variamae 

with the results of DXIWO aal Mosser (1966.) who found that the oompetellrre 

factor isolated from the eel1 surface lost its aotivity completely when 

heated for 20 min to loO°C. !Phe active fraation isolated here retained 7@, 

45% and 30 - 44 of its initial mtivity when heated for 30 min at 60°C, SO'C 
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and 100°C, respectively. The DNA-inactivat@ activity was affected in a similar 

way. 

Incubation of the fraction containing the active substance with proteolytic 

enzymes (trypsin, chymotrypsin and pronwe at a concentration of 10 )g per assay 

volume) for 10 min at 37’C resulted in a oonplete inactivation of the aubetanee. 

It was found in control experiments that theee concentrations of proteasea did 

not change the viability of the recipient cells. A similar sensitivity of the 

active substance isolated from competent cells of Pneumoooccua to the treatment 

with proteolytio enzymes waa deeoribed by To-2 and Uoeeer (1966). 

It may be concluded on the basis of our result6 that fraotiona exhibit- 

the competence-inducing activity always contained alao the DNA-inactivatiq 

aativity. Both aotivitiea are destroyed by proteolytic enzymes, are relatively 

thermoresiatant and are inhibited by t-RNA (Kohoutov&, 1967b). Further 

experiment% are under way to establish whether a single substance or whether 

two separate substances with identical molecular weights are reeponsible for 

the two activities, the competence-inducing and transforming DNA inactivating 

activity. They should also olarify the question whether the DNA-inactivating 

activity takes part in the mechanism responsible for competenoe. 
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