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Killing of E. coli B by phage-free T2 lysates 

In a previous  invest i '4at ion,  a s tmlv  has been made  of the  ac t ion of T2 and T 4 phages  in sp l i t t ing  
(,tf a componen t  from isolated and d i n i t r o p h e n y l a t e d  nlenll)ranes of t.'.. col~ l';. The ext )er imenta l  
resul ts  sh()wed t h a t  the  ac t ive  t)al-t , f  the  phage tai l  is able  to repea t  its acti()n on bacter ia  
membranes ,  i nd ica t ing  t h a t  this  ac t ion is enzymic.  It  also appeared  t h a t  the  plmge ta i l  enzyme  
migh t  be the bac te r ia -k i l l ing  compon(mt  of the phage, al)le to h'se I)acteria from the outs ideL 
This view is suppor ted  l)y expe r imen t s  reported here. 

I .ysates  of 1"2. cell B infected with Tz are al)le to spl i t  a c.onlpc)neilt fn)m F.. cell B membranes ,  
even a l t e r  the lvsa tes  have  I)een cleared of phages  and ghosts  I)v acid p rec ip i t a t ion  and high 
speed centr i fugMion.  

/ ' s i ng  ana ly t i ca l  procedures  a l ready  described ) , no difference could be found between the 
comp()sition (}f the spli t  p roduc t  released l)y phage-free lysa tes  as compared  wi th  t h a t  released 
|)y phages  or phage ghosts.  

The residual  a c t i v i t y  of "1"2 lysates,  however,  is revers ib ly  bound to membranes ,  whereas  
enzyme  which has once been adsorbed  to m e m b r a n e s  as a pa r t  of a whole phage  canno t  be removed  
from the m e m b r a n e s  l)y washing.  

In con t ras t  to wlmle T2 phages,  "f2 lvsa tes  are able  to spl i t  off a componen t  from 121/2 mem- 
branes  as well as from B. This suppor t s  the conch,sion d rawn from earl ier  exper iments ,  t h a t  
host  range specif ici ty is associa ted with o the r  par t s  of the phage tail ,  r a ther  than  wi th  the enzymeL 

l . ike the enzymic  pa r t  of the phage, the ac t ive  subs tance  from T-  lysates  is able to repea t  
its sp l i t t ing  act ion on fresh bacter ia l  membranes .  In both cases the react ion is p H - d e p e n d e n t  
and  heat -sensi t ive ,  and  the spl i t  p roduc t s  of the react ion are the same. This  indica tes  t h a t  the  
phage  enzyme and the ac t ive  subs tance  [ronl "r2 lvsa tes  correspond to the  same phage prote in  
s t ruc ture .  I t  is p robable  therefore t h a t  a phage-specit ic  protein,  which is syn thes ized  in surplus 
by the infected l)acteria, is responsible  for the enzymic  a c t i v i t y  {)f Tz lysates.  

The enzymica l ly  ac t ive  prote in  is of low moiecular  weight .  I t  passes d ia lyz ing  membranes  
and d(,es ilot s ed imen t  apprec iab ly  dur ing  (me hour  a t  r2o,ooo t,'- 

\ \ 'e  have  been able  to concen t ra t e  this  pro te in  and to pur i fy  i t  to some ex ten t .  A concen t ra t ed  
solut ion was fimnd to kill I • IO TM bac te r i a  to a su rv iva l  of 2" to ~ (5', 2Oa), and l • [o 9 bac te r i a  to 
a su rv iva l  of less than  i .  ioa ([o', - o %  B/-  bac te r ia  are kil led a t  a lmos t  the  same rate.  

I 'hase contr~kst microscopy straws charac te r i s t i c  lvsis from the outside.  The k ine t ics  of lysis 
of bac te r ia  can be s tudied  by follmving the decrease in i :urbidi ty of the  solution.  Chloroform-ki l led  
bac te r i a  are lvsed bv p repa ra t ions  which conta in  only one t en th  of the ac t ive  subs tance  used 
to lvse normai  bacter ia .  This paral le ls  the f indings of BROWN t h a t  phage-free T6 lysates are able 
to h'se chloroform-kilh~d bacter ia  2 

I t  is not  vet  cer ta in  t h a t  the three ac t iv i t i e s  descr ibed (the spl i t t ing-off  of a chemica l ly  
defined substat{ce from bacter ia l  membranes ,  the ki l l ing of bacter ia ,  and  the lysis of bacter ia)  
are funct ions  of the same agent .  In the steps used for concen t ra t ion  and  purif icat ion,  however,  
the  three ac t iv i t i e s  a lways  remained  toge ther  in one fraction. 

Fur the r  pur i t ica t ion  of the ac t ive  fract ion and m e a s u r e m e n t  of the  k ine t ics  of its k i l l ing 
ab i l i t y  migh t  es tabl ish  whe the r  the enzymic  sp l i t t i ng  of the  bacter ia l  cell m e m b r a n e  alone is 
sufficient to kill bacter ia .  

Deta i ls  of the expe r imen t s  will be publishe.d a t  a la ter  (late. 

We should like to t h a n k  Professor LlXl)ERS'rRoM-I.ANG for his in te res t  and  for helpful  discussions. 
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The effect of arginylpeptides on the clotting of 
flbrinogen with thrombin 

It has been demonstra ted  that  the enzymic  act ion of thrombin  (bovine or human)  results in 
the  appearance ot N- terminal  residues of g lycine on fibrinogen, s imul taneous ly  with  the  convers ion 
of the  latter to fibrin, and with  the release of f ibrinopeptides 1-5. This  finding, coupled wi th  the  
observat ion 6 that  thrombin  catalyses  rather specifically the  hydrolys i s  of arginine esters and 
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amides ,  p r o m p t e d  t he  sugges t ion  4 t h a t  pe rhaps  some  arg iny lg lyc ine  bonds  of the  f ibrinogen 
molecule  would be t he  site of a t t a c k  by  t h romb i n .  Accordingly,  we are  cu r ren t ly  engaged  in 
t he  syn thes i s  and  e x a m i n a t i o n  of a n u m b e r  of a rg inylg lyc ine  der iva t ives  in order  to de te rmine  
w h e t h e r  t h e y  are  c leaved by  th rombin ,  or  w h e t h e r  t h e y  interfere  wi th  a n y  of t he  enzymic  ac t ions  
of th rombin ,  for ins tance,  t he  c lo t t ing  of f ibrinogen.  

In  a g r e e m e n t  wi th  earlier work 6, we find t h a t  tosy larg in ine  (tosyl = to luenesulfonyl)  p repared  
by  the  m e t h o d  of BERGMANN et al. 7 has  no effect on the  c lo t t ing  of f ibrinogen with t h romb in .  
Similarly,  arginylglycine  syn thes i zed  by  the  procedure  of HOFMAN~ et at. a is also wi thou t  effect 
on t he  react ion.  (We wish  to t h a n k  Dr. K. HOIrMAN~" for a gif t  of a sample  oI the  pept ide  a t  
the  ear ly  phase  of these  invest igat ions . )  T he  tosy la t ed  form of arginylglycine ,  however ,  exer t s  
a very  marked  inhibi t ion if p resen t  in t he  c lot t ing mix tu re ,  as shown  on Fig. I. The  c lo t t ing  
react ion was  followed in t ime  by  a decrease in the  t r ansmiss ion  of light.  Tosy la rg iny lg lyc ine  was 
prepared  e i ther  by  reac t ing  a rg iny lg lyc ine  wi th  tosylchlor ide or us ing  tosy ln i t roarg in ine  as the  
s t a r t i ng  mate r ia l  in the  procedure  of HOFMA~'N et al. s. Detai ls  of the  mode  of p repara t ion  as well 
as  charac ter i s t ics  of t he  crysta l l ine  p roduc t  will be described later.  Here  it will suffice to men t ion  
tha t ,  a f ter  acid hydrolys is ,  t h e  tosy la ted  pept ide  gave  rise to paper  ch roma tog raph ic  spo t s  
cor responding  to glycine and  tosylargin ine  only.  
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Fig. I. Inhib i t ion  of the  c lot t ing of bovine f ibrinogen by  tosylarginylglycine ,  p H  7.48, F/2  = o.I 5 
NaCI-Tris buffer. % Transmiss ion  measu red  in Coleman Jr .  Spec t ropho tome te r  a t  400 m#,  a t  
abou t  z3 ° C wi th  a react ion m i x t u r e  of i. 5 ml. (i) z m g  f ibrinogen;  (2) 2 m g  fibrinogen, i un i t  
of bovine  t h r o m b i n ;  (3) 2 m g  fibrinogen, 5" l o - a M  tosylarginylglycine ,  x uni t  t h rombin .  

Modera te  quan t i t i e s  of t h r o m b i n  which would hydro lyse  the  m e t h y l  ester  of tosylargin ine  
wi th in  a few minu t e s  e do no t  l iberate  appreciable  a m o u n t s  of free glycine f rom tosylarg inylg lyc ine  
equ imola r  to the  ester,  even af ter  several  hours  of incubat ion .  I t  seems  t h a t  if the  pept ide  is 
c leaved by t h r o m b i n  a t  all, t he  process m u s t  be several  orders  of m a g n i t u d e  slower t h a n  the  
ester  hydrolysis .  Because  of this  fact,  of course,  tosy larg inylg lyc ine  exer t s  a more  prolonged 
inhibi t ion on t h r o m b i n  t h a n  does tosylarginine  me t hy l e s t e r  if the  inhibi tor  is p re incuba ted  with 
t he  enzyme.  

Repor t s  on the  kinet ics  of inhibi t ion as well as on the  behavior  of o the r  der iva t ives  of tosyl-  
a rg inylg lyc ine  with regard to t h r o m b i n  and  its react ions  will be publ i shed  in due course. 

This  work  is suppor t ed  by  a g r an t  f rom the  Nat iona l  I n s t i t u t e s  of Heal th .  
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