
which phages were exposed failed to indicate any protective effect of 
“anticoagulants*’ against destruction of bacteria by heat (70°C.). 
Thus these findings suggest the possi1)ility of eniploying heat in the 
presence of saccharose as a iiieaiis of isolating phages from fecal 
cultures ant1 froni other iiatural sources iiistea(1 of employing filtra- 
tion for the purpose oi reiiic n-iiig lncteria. 
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Effects of “K” Medium on the Filterability of Bacteria. 

Keiitlall eiii1)loyetl a culture iiic‘diiiiii’ coiisistiiig presuma1)ly of 
iv h ole un den a t u red 11 rote i ii  , ( Ie v o i (1 o f a 1 I 1) r o r 1 uc t s o f ( I i ge I; t ion 
n*hich he referred to as pcptones. He reported the transformation 
of ordinary hacteria into primitive forms capble  of passing filters 
presuina1)ly inipervious to the passage o f  normal hacteria.’ Kenclall 
concluded that he u w  (lealing i\-ith iiii~is~ial forins of bacteria, not 
only on the basis o f  their filtet-alility, their appearance uiitler the 
tlark-field microscope, and their irregular staining, but also because 
of his inability to olitain sulxulttires by transplantation of the 
“filterable” forins to ordinary media, ivliereas sub-cultures were 
obtained by similar transplantation to his oivii., so-called K n?etliuni. 

W e  here summarize some of our experiments to acquaint our- 
selves ivith this apparently new and iniportant phenomenon. 

The appearance of vialAe ant1 cultivable bacteria in the filtrates of 
bacterial cultures has heen repeatedly recorded. I t  is generally un- 
derstood, that the mere passage of cultivable bacteria through filters 
does not predicate any radical change in their original size. I t  has 
been repeatedly shown that under a variety of conditions, normally 
effective filters may become permeable to bacteria of ordinary and 
even large size. 

Even the first few experiments convinced us that in the case of 
cultures grown on I< nietliuni, the frequency of passage and the 
numbers of viable units of hacterial protoplasm appearing in the 
filtrates a t  each filtration were considerably greater than in the case 

1 Kenclall, A. I., Sortlticrstcrrr t’wir. Bull., 1931, 32. 
2 Kendnll, A.  I., Nort7twestern i7jiiv. Bull., 1931, 32. 



171 LT ERA u I LI TY CI F Bx c T E R I A 805 

of cultures grow1 on ordinary media. Furthermore, the filterability 
of cultures grown in K niediuni was the greater the more profuse 
was the growth attained at  the time of filtration. Increased growth 
could be secured by the addition of carbohydrates or peptone to the 
K medium and in either case the filterability was increased, thus it 
is evident that the exclusion of peptones from the medium is cer- 
tainly not responsible for the increased filterability of Kendall’s 
cultures. 

-4 somewhat quantitative measure of the degree of filterability 
was secured by using the method of fractional f i l t r a t i~n .~  The fil- 
trates were collected aseptically into test tubes in portions of 10 cc. 
each, ancl the series of tubes thus secured were incubated. Appear- 
ance of g. in some of the tubes roughly indicated the point 
a t  which 1 of bacteria began. It was found that growth ap- 
pearetl in LK ullrates of cultures grown in K medium much sooner 
than in corresponding filtrates of broth cultures, apparently due to 
greater numbers of bacteria passing the filter in the first instance. 
I t  must be stated, however, that in all cases subcultures from fil- 
trates of cultures grown either in I< niediuni or in broth were suc- 
cessfully obtained by the transfer to either K mediuni or to plain 
broth. 

Jiicroscopic examination of cultures developing in I( medium 
either before or after filtration invariably showed niarkecl loss of 
motility of motile bacteria, with a gradual breaking up of bacterial 
cytoplasm into beaded forms ant1 free granules, which exhibit very 
active Brownian movement bnt not true motility. 

To determine the cause of the greater filterability of cultures 
grown on K mediuni, we suspended ordinary bacteria (grown on 
the surface of agar slants) in K medium and in plain broth re- 
spectively, and immediately subjected each type of suspension to 
filtration, allowing no lapse of time for  growth ancl possible trans- 
formation of the bacteria to occur. Bacteria suspended in K medium 
passed the filter more readily than similar suspensions of the same 
bacteria in saline or plain broth, indicating a marked effect of the 
I< medium upon the filter itself. 

Kendall state@ that only turbid K medium is suitable for the 
demonstration of filterable forms, and not the clear K medium. W e  
found that turbid K medium is merely more effective in coating the 
filter bed. This renders the filters more permeable to bacterial sus- 

3 Bronfcnbreaiier, J., and 31uckeiifuss, R., I’ROC. SOC. EXP. BIOL. AND MED., 

J Public Lecture a t  Washington University. 
1927, 24, 371. 



pensions made either in K iiietliuni, in saline or in Ilroth, \&en such 
suspensions are passed through filters just after passage of sterile 
K medium. 

In addition to the substaiices i n  I.: medium which break  do^^ 
the efficiency of the filters, \ve thought that K medium niight affect 
the filters hecause of its high fat content. since as niuch as 25% 
by weight of the dry po\vdere(I h;)g intestine base coulcl be es-  
tracted 1))- fat solvents. To cletertiiiiie this, ive partially clogged 
filters 1 9 -  the repeated filtration oi  turbid K iiiediuiii, ant1 then es-  
tractecl such filters \\-it11 ether. riIcoh01 ant1 other fat solvents, and 
after \vashiiig retested their j)eriiie:iI)i1itJ- to Incteria. II'e fo~mtl 
that extraction \\.it11 fat solvetits ( l i t1  iiot restore the efficiency of the 
filters, whereas i f  they \\*ere cleatietl iii such a tiiaiiiier as to reiiiove 
the adsorlied sus1)eiicled matter. the!- \\-ere again reiirleretl impervious 
to hacteria. 

I3y inoculating K inetliuiii \\.it11 several phages, Kendall \\as 
able to isolate staphylococci froiii staphj-lococctis phage. W e  inoc- 
ulated sterile K iiieJium. plain 1mth arid l i ~ood  agar with large 
iiiocula of 33 r l i  fierent phages i)repared iii this laboratory m d  kno\vn 
to lx. acti\-e. 111 no case hut oiie \vas growth observed in the K 
niediuni cultures. aiicl in this C;ISC grojvtli was also secured in plain 
1 ~ 0 t h  ant1 on blood agar. The phage from ivhich these cultures 
were made \ r as  kno\\-n to 1)e coiitaiiiiiiated with a diphtheroid, the 
organism \vhich developecl in our cultures. Although transplants 
were made from the remaining K iiiediuin tubes at various iiitervals, 
absolutely no sign of gro\vth occurred' in such subcultures. 
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Further Studies on the Mechanism of Transmissible Lysis of 
Bacteria. * 

Observing care fully the progress o f lysis uiitler the niicroscope 
we noticed that clisappearaiice of iiiclivicltial bacteria under the in- 
fluence of phage is usually precetletl 1,y iiiore or less marked swelling --_------- 

* This work was supported in part f r o ~ ~ ~  n grant made 1)y the Kockefeller 
E%undation to W:ishington Vniversity for  r twxrsh  in scieiw. 


