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

In a previous investigation, a study has been made of the action of T2 and T4 phages in splitting
off a component from isolated and dinitrophenylated membranes of /. coli B. The experimental
results showed that the active part of the phage tail is able to repeat its action on bacteria
membranes, indicating that this action is enzvmic. It also appeared that the phage tail enzyme
might be the bacteria-killing component of the phage, able to lvse bacteria from the outside!.
This view is supported by experiments reported here.

Lysates of 77, coli B infected with T2 are able to split a component from £. coli B membranes,
even after the lysates have been cleared of phages and ghosts by acid precipitation and high
speed centrifugation.

Using analvtical procedures already described!, no difference could be found between the
composition of the split product released by phage-free Ivsates as compared with that released
by phages or phage ghosts.

The residual activity of T2 lvsates, however, is reversibly bound to membranes, whereas
enzyme which has once been adsorbed to membranes as a part of a whole phage cannot be removed
from the membranes by washing.

In contrast to whole T2 phages, T2 lysates are able to split off a component from B/2 mem-
branes as well as from B. This supports the conclusion drawn from earlier experiments, that
host range specificity is associated with other parts of the phage tail, rather than with the ecnzymel.

Like the enzymic part of the phage, the active substance from T2 lysates is able to repeat
its splitting action on fresh bacterial membranes. In both cases the reaction is pH-dependent
and heat-sensitive, and the split products of the reaction are the same. This indicates that the
phage enzyme and the active substance from T2 lysates correspond to the same phage protein
structure. It is probable therefore that a phage-specific protein, which is svnthesized in surplus
by the infected bacteria, is responsible for the enzyvmic activity of T2 lysates.

The enzymically active protein is of low molecular weight. Tt passes dialyzing membranes
and does not sediment appreciably during one hour at 120,000 g.

We have been able to concentrate this protein and to purify it to some extent. A concentrated
solution was found to kill 1-10'¢ bacteria to a survival of 2-10* (5, 20°), and 1-10® bacteria to
a survival of less than 1- 103 (107, 20°). B/2 bacteria are killed at almost the same rate.

Phase contrast microscopy shows characteristic lysis from the outside. The kinetics of lysis
of bacteria can be studied by following the decrease in turbidity of the solution. Chloroform-killed
bacteria are lvsed by preparations which contain only one tenth of the active substance used
to lvse normal bacteria. This parallels the findings of BRownN that phage-free T6 lysates are able
to lvse chloroform-killed bacteria?.

It is not vet certain that the three activities described (the splitting-otf of a chemically
defined substance from bacterial membranes, the killing of bacteria, and the lysis of bacteria)
are functions of the same agent. In the steps used for concentration and purification, however,
the three activities always remained together in one fraction.

Further purification of the active fraction and measurement of the kinetics of its killing
ability might establish whether the enzvmic splitting of the bacterial cell membrane alone is
sufficient to kill bacteria.

Details of the experiments will be published at a later date.
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The effect of arginylpeptides on the clotting of
fibrinogen with thrombin

It has been demonstrated that the enzymic action of thrombin (bovine or human) results in
the appearance of N-terminal residues of glycine on fibrinogen, simultancously with the conversion

of the latter to fibrin, and with the rclease of fibrinopeptides!~5. This finding, coupled with the
observation® that thrombin catalvses rather specifically the hydrolysis of arginine esters and
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amides, prompted the suggestion* that perhaps some arginylglycine bonds of the fibrinogen
molecule would be the site of attack by thrombin. Accordingly, we are currently engaged in
the synthesis and examination of a number of arginylglycine derivatives in order to determine
whether they are cleaved by thrombin, or whether they interfere with any of the enzymic actions
of thrombin, for instance, the clotting of fibrinogen.

In agreement with earlier work®, we find that tosylarginine (tosyl = toluenesulfonyl) prepared
by the method of BERGMANN ef al.” has no effect on the clotting of fibrinogen with thrombin.
Similarly, arginylglycine synthesized by the procedure of HoFMANYN ef a8 is also without effect
on the reaction. (We wish to thank Dr. K. HoFmMaNN for a gift of a sample of the peptide at
the early phase of these investigations.) The tosylated form of arginylglycine, however, exerts
a very marked inhibition if present in the clotting mixture, as shown on Fig. 1. The clotting
reaction was followed in time by a decrease in the transmission of light. Tosylarginylglycine was
prepared either by reacting arginylglycine with tosylchloride or using tosylnitroarginine as the
starting material in the procedure of HOFMANN ef al 8. Details of the mode of preparation as well
as characteristics of the crystalline product will be described later. Here it will suffice to mention
that, after acid hydrolysis, the tosylated peptide gave rise to paper chromatographic spots
corresponding to glycine and tosylarginine only.
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Fig. 1. Inhibition of the clotting of bovine fibrinogen by tosylarginylglycine. pH 7.48, I'/2 = o.15
NaCl-Tris buffer. %, Transmission measured in Coleman Jr. Spectrophotometer at 400 mu, at
about 23° C with a reaction mixture of 1.5 ml. (1) 2 mg fibrinogen; (2) 2 mg fibrinogen, 1 unit
of bovine thrombin; (3) 2 mg fibrinogen, 5- 1073 M tosylarginylglycine, 1 unit thrombin.

Moderate quantities of thrombin which would hydrolyse the methyl ester of tosylarginine
within a few minutes® do not liberate appreciable amounts of free glycine from tosylarginylglycine
equimolar to the ester, even after several hours of incubation. It seems that if the peptide is
cleaved by thrombin at all, the process must be several orders of magnitude slower than the
ester hydrolysis. Because of this fact, of course, tosylarginylglycine exerts a more prolonged
inhibition on thrombin than does tosylarginine methylester if the inhibitor is preincubated with
the enzyme.

Reports on the kinetics of inhibition as well as on the behavior of other derivatives of tosyl-
arginylglycine with regard to thrombin and its reactions will be published in due course.

This work is supported by a grant from the National Institutes of Health.

L. LoranDp
Department of Chemistry, Northwestern University, Evansion, Ill. (U.S.A4.) E. P. YupkiN

1 L. LorAND AND W. R. MIDDLEBROOK, Biockem. J., 52 (1952) 196.

2 L. LorAND, Nature, 167 (1951) 992.

3 L. LorRAND, Biochem. J., 52 (1952) 200.

4 L. LoraND AND W. R. MIDDLEBROOK, Science, 118 (1953) 515.

5 L. LorRAND, Physiol. Reviews, 34 (1954) 742.

¢ S. SHERRY AND W. TRoLL, J. Biol. Chem., 208 (1953) 95.

? M. BERGMANN, J. S. FrRuTtoN AND H. POLLOK, J. Biol. Chem., 127 (1939) 643.

8 K. HormaNN, W. D. PECKMAN AND A. THEINER, J. Am. Chem. Soc., 78 (1956) 238.

Received May 27th, 1957



