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Studiee in thls labcratcry on the Inhibition of host bacterial protein 

ayhtherlr by phage T4 ruggestod that the functional capacity of the hoat 

ahromcscme to make specific enzymea etill remalne Intact In the infected 

eellr (!?omura et al, 1962). The primary inhibitory procers appears to be 

rererrible In its inherent nature. This led UI to test the reversibility of 

Inhibition of maaromclecule syntheris by oolicln, a bactericldal substance 

which reeeables bacteriophage, or mere rpeclfically phage ghcrtr, in ito 

nmde of action (Jacob et al, l-2; Frederiaq, 1@8). 

Wified cclicln K (Gcebel and Barry, 1958) wan kindly supplied by Dr. 

T. Amma. 

B grown in trlrrglycerol-cammino acids medium wan treated with 

colicln E (10 p&l) at 370 C , either in a growing condition or In a %A- 

iag' ccndition. The cells were waehed and resuspended In the came medium 

except that glycerol and casamlno acids were omitted from the meting cell 

culture. Tea lainutes after the treatment with collain, the nwnber of colony 

forlrsrr dearsat by the factor of 10-4 , both in the growing and In the reat- 

ing cultures. Synthesis of &galactosldase, MA and DNA In the growing 

culture wan Imediately stopped. This finding ia in agreement with the 

reuulta obtained by previous workers (Jacob et al, 1952). 

l This work wan supported In part by grantr E-j809 fron the National 
Iaditute of Health, United Staten Public Iiealth Service. 

**On leave from the Institute for Virus Research, Eyotc University, 
IQoto . 
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IPrypsin, a proteol*lc 6n5p which is known to inactitatu eolfaln 

(Frederioq, 1948) , wau added (250 j&ml) to mah an inhibited culture. Both 

&galaatosidase sgnthesi8 (Fig. 1 (a)) and nualeic acid 8ynthusis (Fig. 1 

(b)) resumed after about j0 minutes and 8OOn reached the rate of an taninu- 

bitsd 6UltUrS. Turbidity of ths aulture alao started to Increase rapidly 

around the 8ame time Indicating the reeumptlon of 5!ultlplieation of a major- 

lty of the "killed" culls. 
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Fig. 1. Inhibition Of the ayZIthe8i8 Of ~g%laotOeida86 (a) and nUdei 

aaldrr (b) in growing E. coli by colicin K and if8 reversal by trypmin. & 
Galactosidaas wa8 aseaydyaording to the method similar to that deaarlbed 
by Pard66 ct al (lBp), and was expressed in optioal density units at 420 w 
after 30 minutea of inaubation of asaay mixture using 1 ml of tolWmi56d 

mth66i8 Of nUUl6iC acid8 wa8 followed by ths fnUOrpOratfOn Of 
-adenine into acid insoluble fraction. 

tie rUV838ibility of the inhibltion Wa8 studied further by following 

ths g-galactosldaae 8yIIth68i8 its the rU%&iIIg eell6. Th6 resting OUltute *a8 

treated with co1ici.n (10 ug/ml) far 10 5&M.es. This treatment wan suffl- 

cient to reduce the viable count by the factor of 10 
-4 and to cause the 

co%$ets Inhibition of ~galaotodd%86 8yntheais. Both the ooliain treated 

culture and the control culture wer6 then treated with trypain (290 &ml) 

for 50 dtlUt68. Culls wure cuntrif'uged and w%ashud. &I inducer, methyl g- 
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Dthiogalaatodde (TM), was them added to both resting cuItures @lg. 2). 

The rate of evyv synthesis by the collcln treated culture (Curm 2) wag 

nearly the mum ar that by the control culture (Curre l), although a slight 

lag maa sovtlvs obrsrwd In a eollclu treated culture. It is evident that, 

although the celle were %llled" and could not syntheslse g-galactosidare, 

the potsntlal eapaclty for enxyv synthesltx revlvd intact, and vreovr, 

the maovery process from the "killed statea was completed within one hour 

in the resting condition, I.e., In the abseve of an energy murce. In order 

to rule out the possible partlelpatlon of some endogevue metabolic proceeess 

or utllleatlon of mall amount of subbstavee derived from the trypsln digested 

eollcln, the experiment was aleo performed In the presence of cyanide (10-J 

M) during the trypslu trsatvnt. After the revval of eycmlde by eeutrl- 

fugatlon, the synthesis of g-galactoaldase was follouad ln the resting 

oonditlon. Eerentially the aav initial rate of enoyv syntherla war obvrvd 

lu both the control (Fig. 2, Curve 3) and the oolioln killed (Fig. 2, Curv 4) 

eulture8. Theee reeulte suggest that the reoovory proeese doea not lnvolte 

any energy-requiring metabolic prooeee and have, little, if any, direct eel- 

lular davga ilr iavolred In the kllllng action of colloin K. 

Tlmr In mlnutrr 

Fig. 2. Recovery of a oapacity to eynthealze R-galaotoaldaae after the 
treatment with trypsln of colloln-killed resting culture of E. ~011. The 
details are described In the text. 
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The reversal of the 'killing' action of colicin with trypain was also 

deaDnstmted by following the number of colony formero and the ability of the 

cella to yield Infective centers when infected with phage T4. In these ex- 

perimenta, the recovery procers before phage ahallenge or before plating wae 

found not to be affected by the presenae of following inhibitorsr lo-3 Y 

oypanide, 1 O-3 M B,kdlnitrophenol, 20 &ml chloromycetin, and 300 &ml asa- 

uracil. Besides, leakage of cellular substanoes due to the possible damage 

in the permeability barrier aooompanled by the killing action of oolicln was 

looked for with $-galaotoeidase as an indloator. Bo leakage was observed. 

The breakdown of DNA during oolfoin treatment was not found either. All 

these rsmlts are oonslstent with the conclusion derived from the experimnte 

on &galactosidare rrynthesie. It should be added here that Amano also has 

observed some increase in the number of aurivorr after the inaubation of 

colicin treated culture with antiserum against colicin (personal communioatlon). 

It appears, therefore, that collcin K inhibits nucleic acrid6 and protein 

synthesfe of E. completely and reversibly with little direot eellulu 

damage. The Inhibition of hoat baaterial protein synthesis by virulent phage 

may be due to a similar reversible inhibitory mechanism (Eomura et al, 1962). 

In thlr oonnection, French and Siminorltoh (1955) already reported that some 

preparations of T2 phage ghost8 inhibit macromolecule synthesis in S. & 

only temporarily. The existence of a similar mechanim~ may alao be presumed 

in the lysogenisatlon process of h in 9. & K12 (Fry and Gros, 1959). The 

possible role of such meohanlmns in the regulation of normal bacterial oellr 

and their elucidation in detail are the subjects of future study. 
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