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consisted in  a reduction of the enzyme; the inactive 
enzymes were supposed to contain disulfide groups 
which were reduced by the activators to sulfhydryl 
g r o ~ p s . ~  

Recently it has been possible to synthesize substances 
of low molecular weight which are split by the follow- 
ing catheptic enzymes: cathepsin, papain, and brome- 
lin of the pineapple. Reports on the Rubstrates of 
papain have already been p ~ b l i s h e d . ~  The present 
authors have found that cathepsin from pig liver splits 
the following substrates : Carbobenzoxy glycyl-l-glut- 
amyl glycine amide, Carbobenzoxy leucyl glycyl gly- 
cine, Carbobenzoxy diglycyl glycine and Carbobenzoxy 
triglycyl-1-leucyl glycine. I t  was further found that 
bromelin splits carbobenzoxy glycyl-1-glutamyl glycine 
amide and carbobenzoxy triglycyl-l-leucyl glycine. 

It is thus possible to study the activation and specific 
action of each catheptie enzyme with the aid of syn- 
thetic substrates of known structure. The possible de- 
tailed investigation of cathepsin is of some significance 
in human physiology in view of its r61e in intracellular 
protein metabolism. 

The application of the synthetic substrates has 
already yielded the result that cathepsin, papain and 
bromelin each consists of two partial enzymes with 
quite different specificities and different behaviors 
toward phenylhydrazine. One of the enzyme com-
ponents of cathepsin, papain and bromelin is inacti-
vated by phenylhydrazine, the other enzyme compo- 
nent is not. It is remarkable that the three hitherto 
investigated catheptic enzymes, the origins of which 
are  so different, show the same activation phenomena 
and reveal themselves to be dual enzyme systems with 
analogous properties of the partial components. I t  
seems probable therefore that the dual enzyme system 
is necessary for  the physiological task of this group 
of enzymes, and that it  is related to the mechanism of 
activation. 

This expectation finds support in the following ob- 
servations: When, in a non-activated preparation of 
cathepsin, one of its .partial compon6nts is combined 
with phenylhydrazine, simultaneously the other par- 
tial component of the enzyme is decisively activated. 
The exper~rnents with papain5 and bromelin show quite 
analogous results. These and other experiments peak 
in favor of an interdependence of the two partial 
enzymes of each catheptic enzyme and proye that 
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activation and inactivation can be performed without 
resorting to oxidation-reduction processes. 

At  present the following hypothesis seems therefore 
to be the most probable interpretation of the dual 
enzyme system of catheptic enzymes : Catheptic en-
zymes are  systems of two enzyme components which 
are in combination with each other and thus mutually 
inactivate each other. The process of activation thus 
involves a dissociation of the inactive dual enzymes 
into its two component enzymes having different spec- 
ificities. The known natural activators which effect 
the dissociation and thus the activation of catheptic 
enzymes are oxidizable and lose through oxidation 
their ability to effect the dissociation. I n  metabolism 
the activity of catheptic enzymes may thus be influ- 
enced by the oxidation-reduction potential of the 
milieu through the medium of oxidizable activators. 

CONCENTRATION AND PARTIAL PURIFI-
CATION O F  BACTERIOPHAGE 

A PROTEIN preparation which possesses the proper- 
ties of bacteriophage has been isolated from lysed 
staphylococcus cultures. 1x 10-lo mg of this prepara- 
tion will cause lysis when added to growing staphylo- 
cocci cultures. During the reaction more of the bac- 
teriophage protein is formed. The loss in activity of 
a solution of the protein is proportional to the de- 
naturation of the protein a t  various temperatures and 
a t  different pH.  The protein is adsorbed by suscep- 
tible living or dead bacteria to the same extent as 
is the bacteriophage activity. Neither the protein nor 
the bacteriophage activity is adsorbed by resistant 
bacteria. The rate of diffusion of the protein is the 
same as that of the active agent and the diffusion coeffi- 
cient is 0.02 cm2/day, corresponding to a molecular 
weight of about 500,000. 

The protein is not digested nor is the activity de- 
creased by trypsin or papain. Chymo-trypsin inacti- 
vates the preparation and this inactivation is accom- 
panied by the formation of protein insoluble in one 
quarter saturated arrirrlonium sulfate. There is no 
detectable hydrolysis of protein during this rcartion. 

The ultra-violet absorption spectrum agrees with 
tha,t calculated from ~ ~ ~ ,G inactivation~ 
with ultra-violet light and bacteriophage. 

T l ~ crnctl~od of preparation is  briefly as follows : (:ulturc 
mcdia used was prepared by cxtracting 2$ kilo dricd ycast 
witll 200 liters boiling water. l7he media, was adjusted 
to pII  7.6 and 37O C. and inoculated with staphylococci 
and a small arnount of bacteriophage. Sterile air was 
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bubbled through the solution until growth and subsequent 
lysis was complete. After lysis the solution was adjusted 
to pH 9.0, dilute lead sub-acetate added and the super- 
natant solution from the lead acetate precipitate concen- 
trated in vacuo to one tcnth its original volume, digested 
with crystalline trypsin and the active protein isolated 
by fractional precipitation with ammonium sulfate be- 
tween 0.2 and 0.4 saturation a t  pII 7.0. About 40 mg of 
protein, representing about 30 per cent. of the original 
total activity, may be obtained in this way from 200 liters 
of lysed culture. 

The protein preparation obtained in this way is 
brownish and forms highly viscous, slimy solutions. 
The brown color may be removed by repeated precipi- 
tation with ammonium sulfate, but the protein is 
always mucin-like in character. I t  contains about 1 
per cent. reducing sugar and small amounts of glucose 
amine. 

JOHNH. NORTHROP 
LABOILATOILIESTHE ROCKEFELLEI~OF 

SCIENTIFIC APPARATUS AND LABORATORY METHODS 

SIMPLE SYNCHRONOUS MOTOR FOR T H E  

HARVARD KYMOGRAPH 

THE synchronous motor described below was devised 
to operate a small IIarvard kymograph with two 
drums, the original spring drive being found to pro- 
duce a very inconstant drum speed. I t  is simple to 
construct, inexpensive and durable. I t s  speed is con- 
stant when the frequency of the alternating-current 
supply is accurately controlled ( i .c. ,  when the current 
is suitable for  the operation of the ordinary variety of 
electric clock), and is independent of variations of the 
line voltage or of the load applied. I t  requires 
manual starting, will run in either direction and uses 
no belts or external gears. 

The apparatus consists essentially of a toothed soft- 
iron disk rotating between similarly toothed pole-
pieces which are energized by alternating current. 
The speed depends on the number of teeth in the disk 
and the frequency of the supply current, according to 
the following formula : 

120x frequeiicy (cycles/sec.) 
Speed (r.p.m.) = number of teeth 

I t  was found that the power and stability of the 
motor was much improved by the addition of a small 
flywlieel, which fits loosely on the rotor spindle and 
is attached to the latter by a coil spring. 

A satisfactory design is shown in Fig. 1. Consider-
able deviation from this design is possible, providing 
the principles mentioned are retained. The 24-toothed 
rotor shown rotates a t  300 r.p.m. and results in a 
drum speed of approximately 2.8 cm. per minute at  
the low speed setting of the kymogsaph. This rotor 
has a tapered hole in its shaft, and replaces the fans 
ordinarily used to control the kymograph speed. The 
pole-pieces are attached to the top plate of the kymo- 
graph by machine screws, and the field coil projects 
over the edge of the kymograph. This coil consists of 
approximately 2,000 turns of No. 26 enameled cop-
per wire, and the cross-section of the core is # inch by 
1inch inside the coil. The flywheel is attached to the 
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rotor spindle by its spring inside the kymograph base. 
The winding lever and ratchets on the spring drum 
and brake lever on the fan spindle are  removed. Care 
must be taken that the spring is entirely run down 
when the kymograph is taken apart,  else the gears 
may be injured by the suddenly released spiing. 

The design might be improved by the use of silicon- 
steel laminations fo r  the core of the field coil, and it 
is possible that the coil and core of a cheap electric 
clock would be satisfactory. The coil will require 
more turns for  operation on 25-cycle current than 
described for  60-cycle current. I f  a considerably 


