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D a n s  le p r emie r  groupe,  les b a c t e r i o p h a g e s  T 1, T~, T~, 
T 7 p r o v o q u e n t  la bac t6 r io lyse  aprSs u n  ce r t a in  t e m p s  de 
la tence  qui  d6pend  de d ivers  f ac t eu r s  ( q u a n t i t 6  de phages  
ensemenc6s,  m o m e n t  off c e t t e  a d d i t i o n  a lieu, etc.).  Ce t te  
lyse se t r a d u i t  p a r  une  d i m i n u t i o n  r ap ide  de la , c o n s o m -  
m a r i o n  d 'oxyg~ne~ p o u v a n t  al ler  jusqu 'X la supp re s s ion  
p resque  to ta l e  de celle-ci;  p a r  sui te ,  la cou rbe  re sp i ra to i re  
fair  une  c h u t e  r ap ide  qui  a b o u t i t  p r e sque  ~ la  v a l e u r  zdro, 
Cet te  courbe  co r r e spond  6ga l emen t  A celle d ' E s c h ,  coli 207 
ju sque  d a n s  ses m o i n d r c s  dfitails. 

L ' a u t r e  g roupe  qu i  c o m p r e n d  les bac t f i r iophages  T2, 
T 4, T~ es t  caract6r is6,  apr~s  une  p h a s e  de  l a t ence  d6ter-  
min6e,  p a r  u n e  bac t6r io lyse  qu i  s ' e f fec tue  p lus  l e n t e m e n t .  
L a  * c o n s o m m a t i o n  d ' o x y g ~ n e ,  s'61~ve s e u l e m e n t  jusqu'~t  
une  ce r t a ine  v a l e u r  e t  y s t a t i o n n e  l o n g u e m e n t .  Ce t t e  
phase  l y t i que  rSguli~re se t r a d n i t  su r  la cou rbe  p a r  u n  
, p l a t e a u  ~) qui  p e u t  ~.tre 16g~rement d e s c e n d a n t ;  l ' i n t ens i t6  
resp i ra to i re  se m a i n t i e n t  ~ u n  n i v e a u  d6 te rmin6  ou d imi-  
nue  16g~rement  en  dessous  de celui-ci. 

On p e u t  en  d6dui re  que  le d o m m a g e  sub i  p a r  les bac-  
t6r ies  ou le n o m b r e  de celles qu i  son t  a t t e i n t e s  p a r  l 'ae-  
t ion  p h a g i q u e  es t  d i f f6 ren t  d a n s  les deux  cas. 

E n  out re ,  nous  a v o n s  pu  v~rif ier  que  la lyse p r o d u i t e  
avec  le g roupe  T=, , ,e  quo ique  plus  lente ,  es t  comple te .  
Celle qu i  es t  d6ploy6e p a r  Tx,  a, ~, ,, d ' a b o r d  b e a u c o u p  plus  
rapide,  se r6v&le p a r  la  su i te  i n c o m p l e t e  e t  m o n t r e  l ' a p p a -  
r i t ion  n l t6 r i eu re  d ' i n d i v i d u s  r6s i s tan t s .  

Conch , s ions .  Le conrs  de  la  bact4r io lyse ,  su iv i  p a r  la 
mesure  du  v o l u m e  d ' o x y g ~ n e  ut i l is6 p a r  tes baet6r ies ,  es t  
d i f fe rent  chez  les b a c t 6 r i o p h a g e s  T~, a, ~, 7 e t  T=, ~, ~. Apr&s 
un  t e m p s  de  la tence ,  elle es t  r ap ide  e t  i n c o m p l e t e  avec  
T , ,a , s ,  7; elle es t  l en te  avec  u n  , p l a t e a u ,  r e sp i ra to i re  e t  
compl&te avec  T=,, ,  ~. Le m 6 c a n i s m e  b ioch imique  de la 
bact~r iolyse  semble  donc  d i f f6 ren t  d a n s  les d e u x  cas. 

L. NEIPP, W.  KUNZ et  R. 5{EmR 

Laborato ire  de Recherche  du  D d p a r t e m e n t  p h a r m a c e u -  
t ique de C I B A  Socidtd A n o n y m e  Bd le ,  le 2 m a r s  1959. 

S u m m a r y  

The  course of bac te r io lys i s  as d e t e r m i n a t e d  b y  t h e  
oxygen  c o n s u m p t i o n  of t h e  b a c t e r i a  is d i f f e ren t  d u r i n g  
bacter io lys is  p roduced  b y  t h e  p h a g e s  T~, ~, 5, 7 as c o m p a r e d  
w i th  t h a t  p roduced  b y  p h a g e s  T v 4, ,. "With phages  Ti,s,~,7, 
t he  bacter io lys is  occurs, r ap id ly ,  b u t  i n c o m p l e t e l y  a f t e r  a 
l a t e n t  period.  W i t h  t he  phages  T 2, 4, 6 bac te r io lys i s  occurs  
slowly a n d  the  course of t h e  r e sp i r a t i on  shows a , p l a t e a u  ~ 
b u t  goes to  comple t ion .  The  b iochemica l  m e c h a n i s m  of 
the  bacter io lys is  the re fore  seems to  differ  i n ' b o t h  cases. 

Increase of the Cathepsin Activity of the Liver 
and of the Skeletal Muscle of Rats treated 

either with 2,4-Dinitrophenol  or with  
Bacterial Lipopolysaccharide 

I t  is k n o w n  t h a t  p ro t e in  c a t a b o l i s m  is s t r ong ly  acceler-  
a ted  dur ing  fever,  as is shown  b y  t he  increased  u r i n a r y  
e l imina t ion  of n i t rogen ,  especial ly  in  t he  form of a m m o n i a ,  

ur ic  acid,  a n d  c r ea t i ne  (GRAFE 1, C.OLEMANN, a n d  DUBOIS 2, 
SHAFTER a n d  COLEMANN 3), T h e  reasons  for  th i s  inc reased  
c a t a b o l i s m  are  n o t  c o m p l e t e l y  known .  

T h e  p r e s e n t  p a p e r  deals  w i t h  t h e  b e h a v i o u r  of c a t h e p s i n  
a c t i v i t y  of b o t h  l iver  a n d  ske le ta l  musc le  of r a t s  i n i ec t ed  
w i t h  two  pyrogen ic  subs tances ,  i. e. e i t he r  w i t h  2, 4-dini-  
t r o p h e n o l  (DNP)  or  w i t h  t h e  l ipopo lysaccha r ide  of Sa l -  
m o n e l l a  abortus  equi  (LPS)  ~. D N P ,  w h e n  in j ec t ed  i n t r a -  
p e r i t o n e a l l y  in  doses of 4 mg /100  g b o d y  weight ,  pro-  
duces  a rise of b o d y  t e m p e r a t u r e  of a b o u t  I °C  w i t h i n  1 h.  
L P S  does n o t  c o n s t a n t l y  increase  the  b o d y  t e m p e r a t u r e  
of ra ts ,  b u t  in some in s t ances  i t  p roduces  h y p o t h e r m i a .  
Wt i en  ti le a m o u n t  of  L P S  in j ec t ed  i n t r a p e r i t o n e a l l y  in  
t h e  r a t  was  0-25 ~xg/100 g b o d y  weight ,  a n  increase  of 
0-7-1°C of r ec t a l  t e m p e r a t u r e  was  recorded  in  a b o u t  7 0 %  
of t h e  cases s t u d i e d  w i t h i n  1 h.  I n  t h e  p r e s e n t  i nves t i ga -  
t ion ,  o n l y  t h e  r a t s  w h i c h  deve loped  fever  were  s tud ied .  

A lb ino  r a t s  we igh ing  160-180 g were  used.  T h e y  were  
fed on  a s t a n d a r d  d ie t  a n d  t h e i r  b o d y  t e m p e r a t u r e  w as  
recorded  for m a n y  days  before  t h e  b e g i n n i n g  of t h e  t r e a t -  
m e n t .  T h e  a n i m a l s  were ki l led b y  d e c a p i t a t i o n  2 h a f t e r  
t h e  in jec t ion .  B o d y  t e m p e r a t u r e  was m e a s u r e d  before  
the  i n j ec t i on  a n d  before  t h e  dea th .  T h e  l iver  or  t h e  
muscle  of t h e  r i g h t  leg were  i m m e d i a t e l y  d issec ted  a n d  
t r a n s f e r r e d  to t h e  cold room a t  + 2°C. 

D i f f e ren t  g roups  of a n i m a l s  were used to  s t u d y  t h e  
c a t h e p s i n  a c t i v i t y  of t h e  l iver  a n d  of t h e  ske le ta l  muscle ,  
in  o rde r  to  decrease  t h e  t i m e  necessa ry  for the  p r e p a r a t i o n  
of the  h o m o g e n a t e s .  10% h o m o g e n a t e s  were p r e p a r e d  in 
t h e  P o t t e r - E l v e h j e m  homogen ize r .  Ske l e t a l  musc le  was 
p rev ious ly  f ine ly  m i n c e d  w i t h  scissors. 

I n  each  case two  t y p e s  of su spens ion  f luids  were used :  
t h e  f i rs t  one  was  0-25 M sucrose,  t h e  second  one  was  
0.25 M sucrose  c o n t a i n i n g  0.1% T r i t o n  X-100.  Th i s  was  
used to  p ro d u ce  m a x i m a l  a c t i v a t i o n  of c a t h e p s i n  as a 
resu l t  of t h e  d i s i n t eg ra t i o n  of t h e  par t ic les  ( lysosomes) in  
wh ich  i t  is c o n t a i n e d  (WATTIAUX a n d  DEDuv~5) .  

C a t h e p s i n  a c t i v i t y  was d e t e r m i n e d  a t  37°C b y  t h e  
m e t h o d  of GIANETTO a n d  D E D u v E  6, w i t h  0.17 M a c e t a t e  
buffer ,  p H  5.0, a n d  0-00026 M h e m o g l o b i n  as s u b s t r a t e .  
I n  t h e  case of t h e  h o m o g e n a t e s  p r e p a r e d  w i t h  T r i t o n  
X-100,  also t h e  r eac t i on  t lu id  c o n t a i n e d  t h i s  s u b s t a n c e  in 
0-1% c o n c e n t r a t i o n .  T h e  r e a c t i o n  was s t o p p e d  b y  addi -  
t i on  of ice cold  0-3 M t r i ch lo roace t i c  acid.  T h r e e  d i f f e ren t  
a m o u n t s  of e n z y m e  m a t e r i a l  were  used  for  e ach  d e t e r m i -  
n a t i o n :  20, 50, a n d  100 nag. I n  each  case,  t w o  samples  
were  used.: in  t h e  f i rs t  one  t h e  r eac t i on  was s t o p p e d  2 r a in  
a f t e r  t h e  b e g i n n i n g  of t h e  i n c u b a t i o n ;  in  t h e  second  one  
i t  was  s t o p p e d  a f t e r  10 min.  T h e  a r o m a t i c  d e g r a d a t i o n  
p r o d u c t s  of h e m o g l o b i n  w e r e  t h e n  d e t e r m i n e d  on  t h e  
dep ro t e in i zed  f i l t ra te ,  w i t h  t y ro s ine  as s t a n d a r d .  T h e  dif- 
ferences  b e t w e e n  t h e  r ead ings  a t  10 a n d  a t  2 m i n  were 
r e t a i n e d  as a meas u re  of c a t h e p s i n  ac t iv i ty .  T h e  va lues  
o b t a i n e d  were s u b m i t t e d  to s t a t i s t i c a l  ana lys is ,  t h e  s t a n d -  
a rd  d e v i a t i o n  be ing  ca l cu la t ed  for each  a v e r a g e  a n d  the  
' t '  v a l u e  of F i s h e r  for  e ach  d i f ference  b e t w e e n  two aver -  
ages. On ly  t h e  d a t a  w i t h  a ' t '  v a l u e  c o r r e s p o n d i n g  to  a 
p r o b a b i l i t y  P < 0.05 were accep t ed  as s ign i f ican t .  

Tab le  I shows t h a t  in  t h e  r a t s  t r e a t e d  e i t h e r  w i t h  D N P  
or  w i t h  L P S ,  t h e  c a t h e p s i n  a c t i v i t y  of  l iver  h o m o g e n a t e s  
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Table I. Behaviour of cathepsin activity of the rat liver after treatment either with 2,4-dinitrophcnol (DNP) or with the lipo- 
polysaecharide of Salmonella abortus equi (LPS) 

The standard deviation is given after each average 
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Without  Triton . . . . . .  
With  Triton . . . . . .  
Stimulation by Triton % 
Without  Triton . . . . .  
With Triton . . . . . .  
Stimulation % by Triton 
Without  Triton . . . . .  
\,Vith Triton . . . . . .  
Stimulation % by Triton 

Amounq 
l tho / 
lenzyrnet 
I used / 

............. I,, ,m,g | 

20 
20 

50 
50 

100 
100 

Normal rats 
(15 experiments) 

tug tyrosine 
set free in 

8 min 

0 
32.7 ± 9.6 

O0 
7.3 ± 7.0 

62.4 4- 18.3 
+ 754-8 

14.3 ± 9.6 
99.7 4- 18-8 

+ 583-2 

Rats treated with DNP 
(9 experiments) 

tug tyros±he tug tyrosine 
set free in 

mg N 8 min 

pg tyrosine 
mg N 

0 
57.5 4- 32.3 

5.1 :t: 5.0 
44.1 4- 16.4 

5-1 ~ 3.1 
34.0 4- 7.8 

0 
38.5 4- 13.3 

17.7 4- 12-0 
47-3 :t: 19-3 

+ 167.7 
46-0 4- 20.7 
76.1 + 28.5 

+ 65-2 

0 
68'8 4- 23.7 

12.5 4- 8.8 
33'7 4- 14.9 

16.6 4- 8-4 
24.9 :i: 9.8 

Rats treated with LPS 
(8 experiments) 

tug tyrosine 
set free in 

8 rain 

14.4 4- 5.3 
54.7 4- 14.7 

279.8 + 
26.1 + 8.0 
68-6 4- 24.8 

+ 162-8 
32-0 :k 12-9 
87-8:1:24.0 

+ 174-3 

pg tyros±he 
mg N 

26.3 :k 7.8 
99.3 :k 28.6 

19.5 ± 6.2 
51.0 ~ 19-4 

11-9 ~ 5.1 
32.7 :t: 9.3 

p repa red  w i t h o u t  Tr i ton  is s t rong ly  increased.  No signifi- 
can t  d i f ferences  were  no ted  wi th  homogena t e s  p r epa red  
in the  presence  of Tr i ton  X-100. Table  I I  shows t h a t  also 
ca theps in  ac t iv i ty  of skele ta l  muscle  is s t rong ly  increased 
in t r e a t e d  ra ts .  I n  th is  case, however ,  some differences  
ex i s ted  be tween  the  an imals  t r ea t ed  wi th  D N P  and  those  
t r e a t e d  wi th  L P S .  I n  fact ,  in t h e  l a t t e r  g roup  t h e  ca theps in  
ac t iv i ty  was  found to  be increased n o t  only  in t he  exper i -  
m e n t s  m a d e  in the  absence of Tr i ton,  b u t  also in those  
made  in the  presence  of th is  subs tance .  The e x t e n t  of the  
increase was  h igher  in animals  t r e a t e d  wi th  L P S  t h a n  in 
t hose  t r e a t e d  wi th  D N P .  

Since the  ca theps in  which  ac ts  on hemoglob in  is located  
wi th in  lysosomes,  t he  fact  t h a t  the  enzyme  ac t iv i ty  of the  
l iver of t r e a t e d  an imal s  increases  in t he  absence  of Tr i ton  
b u t  r emains  unmodi f i ed  in t he  presence  of th is  subs tance ,  
suggests  t h a t  the  change  is n o t  due  to  a real  increase of 
t he  a m o u n t  oI t he  e n z y m e  con ta ined  in t h e  t issue,  b u t  
to  a damage  of the  par t ic les  in which  i t  is con ta ined .  In  
t he  case of t he  skele ta l  muscle  of r a t s  t r e a t e d  wi th  L P S ,  
in which  the  increase was  obse rved  also in the  presence  of 
T r i t on  X-100, i t  seems p robab le  t h a t  an increase of t he  
a m o u n t  of t he  enzyme,  or also a d i f fe rent  t y p e  of  ac t iva-  
t ion,  p lay  an  i m p o r t a n t  role. 

The increase of ca theps in  ac t iv i ty  in the  organs  of ani-  
mals  t r e a t e d  wi th  pyrogen ie  subs t ances  m a y  h a v e  some 
i m p o r t a n c e  in u n d e r s t a n d i n g  the  m e c h a n i s m  of the  acceler-  
a t ed  p ro te in  ca tabo l i sm found by  m a n y  au t h o r s  dur ing  
fever. 

E. MARTINI 

Institute o[ General Pathology o/the University o/Genoa 
(Italy), December 9, 1958. 

Riassunto 

L ' a t t i v i t h  ca t ep t i ca  de l l ' omogena to  a u m e n t a  no te -  
v o l men t e  nel  lega to  e nel muscolo scheletr ico di r a t t i  
t r a t t a t i  con 2, 4-dini t rofenolo,  oppure  col l ipopol isaccar ide  
della Salmonella abortus equi, due sos tanze  p i re togene.  
L ' a u m e n t o  & ev i d en t e  in an imal i  uccisi 2 h dopo  l ' inie-  
zione, in fase febbri le.  Esso  si osserva  solo con gli omo-  
genat i  p r epa ra t i  senza  Tr i ton  X-100, una  sos tanza  tens io-  
a t t i v a  che d is in tegra  i l isosomi, organell i  nei quali  Ia 
ca t eps ina  & con tenu ta .  Nessun  a u m e n t o  si osserva,  nel 
caso del legato,  in presenza  di Tr i ton .  Nel caso del muscolo 
scheletr ico,  invece,  l 'a t t iv i t / t  c a t ep t i ca  6 a u m e n t a t a  anche  
in p resenza  di Tr i ton,  spec ia lmente  negli  animal± t r a t t a t i  
col l ipopolisaccaride.  

Table II. Behaviour of eathepsin activity of the rat skeletal muscle after treatment either with 2,4-dinitrophenot (DNP) or with the 
lipopolysaccharide of S. abortus equi (LPS) 

Without  Triton . . . . .  
With Triton . . . . . .  
Stimulation by Triton % 
Without  Triton . . . . .  
With Triton . . . . . .  
Stimulation % by Triton 
Without  Triton . . . . .  
With Triton . . . . . .  
Stimulation % by Triton 

The standard deviation is given after each average 

Amount 
of the 

enzyme 
used i 
nag 

20 
20 

50 
50 

00 
00 

Normal rats Rats treated with DNP Rats treated with LPS 
(9 experiments) {8 cxpcriments) (15 experiments) 

tug tyrosine tug tyros±he tug tyrosine 
sct free /~g [yrosine ]*g tyrosine /~g tyrosine set free set free 

in 8 rain mg N in 8 rain mg/Jg in 8 min mg N 

0 
22.7 4- 7-1 

OO 
13-9 4- 12-8 
31-2 4- 10.5 

+ 124.4 
20.7 ± 7.5 
85.9 4- 13.1 

+314.9 

0 
47.9 ~ 16.2 

11-1 ± s . i  
24.8 :t: 9.8 

8.3 4- 3.5 
34.9 ± 6.3 

7.9 ± 7-7 
18-3 4- 7-4 

+131-6 
32.7 4- 21.2 
41.5 ± 18.8 

+ 26.9 
91.2 ± 30.9 
96-7 4- 16.7 

+6.0 

18-7 ± 18.3 
43-6 4- 18.2 

29.2 i i8.1 
37-8 :t= 16.9 

38.8 ± 11.9 
41.5 ik 6.5 

22.6 ± 7.5 
55.6 ± 12.7 

+ 146.0 
69.4 4- 18-9 

115.7 4- 33.3 
+ 65-1 

79.3 4- 28-4 
148-9 J: 40-9 

+87.7 

50.2 ± 19-1 
118.1 ± 30.2 

53.0 -4- 15-4 
100.2 ± 35.4 

33.7 4- 12.8 
63.8 =!: 17.1 


