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was resuspended.  The enzyme  ac t iv i ty  was measured  a) in 
the  s u p e r n a t a n t  and  b) in t he  resuspended  sediment .  In  
the  la t t e r  case, i ncuba t ion  was pe r fo rmed  in a Dubnoff -  
shaker  w i th  cons t an t  agi ta t ion.  

Results. The enzyme  act iv i t ies  found  in the  107~000 • g 
s u p e r n a t a n t s  and  sed imen t s  of lung homogena tes  f rom 
var ious  species are shown in the  Table.  Much h igher  
act ivi t ies  occur in tile sediment ,  excep t  for r a t  and mouse.  
In  accordance  wi th  our  previous  s tudies  on the  specif ic i ty  
of the  assay, the  enzyme  ac t iv i t ies  measured  could be 
abol ished by  dialysis aga ins t  wa te r  and res tored  by  addi-  
t ion  of chloride ions. 

Discussion. F r o m  recen t  s tudies  5-7 it appears  t h a t  t he  
enzyme  responsible  of the  convers ion  of angio tens in  I to  
angio tens in  I I  is also able to  a t t ack  o ther  subst ra tes .  Thus,  
i t  can  inac t iva te  b r adyk in in  by  remova l  of the  C- terminal  
d ipept ide .  The n a m e  ' d ipep t i dy l - ca rboxypep t ida se '  is 
therefore  more  app ropr i a t e  t h a n  ' conver t ing  enzyme '  
which  has been  used so far. Avai lab i l i ty  of purif ied prepa-  
ra t ions  of the  enzyme  would cer ta in ly  help  m u c h  in 
improv ing  our  knowledge of its p roper t ies  and  funct ion.  
The p resen t  inves t iga t ion  shows t h a t  ra t  lungs represen t  
a par t i cu la r ly  r ich source of the  enzyme.  In  pract ice,  how- 

Activity of dipeptidyl-carboxypeptidase in lungs from different spe- 
cies 

eve r ,  organs of s laughter -house  animals  are of ten  prefer red  
as a conven ien t  source for large-scale p repara t ions ,  and  in 
th is  respec t  a mater ia l  such as horse or hog lung m a y  p rove  
more  adequa te .  

A puzzl ing  ques t ion  is how circulat ing angio tens in  I can  
be so easily conver t ed  to  angio tens in  I I  by  a non-c i rcula t -  
ing p u l m o n a r y  enzyme.  This  p robab ly  implies  t h a t  t he  
enzyme is located in t he  ve ry  v ic in i ty  of the  blood f lowing 
th rough  the  capillaries. Our s tudies  show t h a t  in dog, 
rabbi t ,  hog, horse, sheep, ox, guinea-pig  and  man,  
d ipep t idy l  ca rboxypep t idase  is no t  a cy top lasmic  enzyme,  
since it is found in a sed imen tab le  fract ion.  They  conf i rm 
the  f indings  of BACKLE 2 and  of YANG et al. 7, who found 
mos t  of the  ac t iv i ty  of lung to  s ed imen t  in the  microsomal  
f ract ion.  

We  found the  enzyme  to occur in all 10 m a m m a l i a n  
species inves t iga ted .  The a m o u n t s  p resen t  in each par t ic-  
ular case are cer ta in ly  of impor t ance  for t he  kinet ics  of 
angio tens in  ac t iva t ion  and b radyk in in  b r eakdown  s. 

Rdsumd. On a dos6 la d i p ep t i d y l - ca rb o x y p ep t i d a se  
(responsable de la convers ion  de l ' ang io tens ine  I en angio- 
tens ine  II) dans  des p r6para t ions  de p o u mo n s  de 10 esp6ces 
diff6rentes.  Les esp6ces se c lassent  c o m m e  sui t  par  ordre  
d6croissant  de t eneur  en enzyme:  ra t  > lapin, souris > 
cheval,  chien,  porc, m o u t o n  > boeuf, cobaye  > veau,  
homme.  Chez la p l u p a r t  des esp6ces, l ' enzyme  est  fix6 a 
une s t ruc tu re  subcellulaire s6dimentable .  

Species Enzyme activity (mU/g tissue) 
Supernatant Pellet Total 

Rat 98.2 46.4 144.6 
Rabbit 3.2 106.0 109.2 
Mouse 60.4 47.6 108.0 
Horse 18.1 47.8 65.9 
Dog 9.6 52.2 61.8 
Hog 13.0 48.8 61.8 
Sheep 2.2 58.8 61.0 
Beef 1.6 29.8 31.4 
Guinea-pig 3.6 26.4 30.0 
Calf 1.2 16.0 17.2 
Human 3.6 12.2 15.8 
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E f f e c t  o f  A c r i f l a v i n e  o n  t h e  R a d i a t i o n  R e s i s t a n c e  E n h a n c e m e n t  I n d u c e d  b y  C y s t e i n e  T r e a t m e n t  i n  
Escherichia coli B / r  

Cysteine is a good rad iopro tec tor .  I t  has  been es tabl ish-  
ed t h a t  the re  are a t  least  two  kinds  of mechan i sm by  
which it enhances  t he  rad ia t ion  res is tance  of Escherichia 
coli 1. The phys ico-chemica l  mechan i sms  represen t  radical  
scavinging,  hydrogen  donat ion ,  etc 2. The metabol ic  or 
b iochemical  mechan i sms  mean  t h a t  cys te ine  al ters  t he  
cell me tabo l i sm in seve ra lways  and some of these metabo l i  c 
a l te ra t ions  result  in e n h a n c e d  survival  a f ter  ionizing 
rad ia t ion  ~. The same is t rue  also for cys teamine  3. 

The mechan i sm of the  b iochemical  rad iopro tec t ive  
effect  of cys te ine  has been s tudied  in our l abora to ry  using 
the  following m e t h o d :  E. coli cells are t r ea t ed  wi th  
cys te ine  for cer ta in  periods,  t he rea f t e r  cyste ine is r emoved  
(by cen t r i fuga t ion  and washing) and  the  bacter ia  are 
i r radia ted  in cyste ine-free  buffer.  Analyz ing  the  changes  
in rad iosens i t iv i ty  and, a t  the  same t ime,  in cell me tab -  
olism induced by  cys te ine  t r e a t m e n t ,  al lowed us to 

propose  a model  to expla in  t he  mechan i sm of the  me tab -  
olic r ad iopro tec t ive  effect  of cys te ine  4. According  to  th is  
model ,  t he  sharp  increase in radio-resis tance,  ob ta ined  by  
1 min  cys te ine  t r e a t m e n t ,  can be expla ined  by  the  sharp  
increase in the  acid-soluble SH level of bacter ia .  The  
fu r ther  increase in radio-res is tance,  up to  t he  m a x i m u m  
obta ined  by  30 min  cys te ine  t r e a t m e n t ,  can be corre la ted  
wi th  t he  asynchronous  syn thes i s  of macromolecu la  
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incuced  b y  cysteine,  i.e. a f te r  t he  a d d i t i o n  of cysteine,  
t he  n e t  syn thes i s  of R N A  a n d  p r o t e i n  s topped  i lnmedia -  
a te ly ,  whereas  a ce r t a in  q u a n t i t y  of D N A  was synthes ized �9  
Theore t ica l ly ,  t he  a l t e r a t i ons  of cell m e t a b o l i s m  before  
i r r ad i a t i on  m a y  e n h a n c e  t he  r a d i a t i o n  res i s tance  in e i t he r  
of t h e  fol lowing two wayS: 1. b y  decreas ing  t he  in t r ins ic  
s ens i t i v i t y  of cells to  d a m a g i n g  effects of i r rad ia t ion ,  
or 2. b y  inc reas ing  t h e  r ecovery  a f t e r  i r r ad ia t ion .  

The  resu l t s  p r e sen t ed  here  show t h a t  b o t h  of t he  above-  
m e n t i o n e d  poss ib i l i t ies  t a k e  p a r t  in  t he  e n h a n c e m e n t  of 
r a d i a t i o n  res i s t ance  induced  b y  cys te ine  t r e a t m e n t  in  
E. coli B/r .  

E. coli B/ r  was g rown  on m i n e r a l  sa l ts -glucose  m e d i u m  5. 
The  cells in  mid- log  phase  of g r o w t h  were t r e a t e d  w i t h  
cys te ine  (2 m M )  a n d  i n c u b a t e d  f u r t h e r  a t  37~ Af te r  1 
ra in  or 30 rain,  t he  cells were cent r i fuged ,  washed  3 t imes ,  
r e su spended  in iced p h o s p h a t e  buf fe r  (pH 7.0) a n d  i r ra-  
d i a t e d  w i t h  X- ray .  S u r v i v i n g  f r ac t ions  were  d e t e r m i n e d  
b y  p l a t i n g  bac t e r i a  on  n u t r i e n t  aga r  s , a n d  on  t he  same  
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Fig. 1. Effect of acriflavine on the radiation resistance enhancement 
induced by cyteine treatment in E. coli B/r. Surviving bacterial cells 
were counted by making dilutions in phosphate buffer and plating 
0.1 ml samples in triplicate on nutrient agar (closed symbols) or on 
the same agar containg 2 [zg/ml acriflavine (open symbols). The 
plates were incubated at 37~ before counting. O and 0, non-treated 
cells; [i] and I ,  cells treated with cysteine for 1 mitt; A and &, cells 
treated with eysteine for 30 rain. 

agar,  c o n t a i n i n g  acr i f l av ine  (2 ~g/ml),  a p o t e n t  i n h i b i t o r  
of D N A  repa i r  7 (Figure).  The  1 ra in  cys te ine  t r e a t m e n t  
ra ised  t h e  Dg~ (1% surv iva ls )  f rom 20.5 to 30.6 k r ad  a n d  
f rom 9.3 to  13.5 k r ad  for cells p l a t e d  on  n u t r i e n t  aga r  
a n d  acr i f l av ine  c o n t a i n i n g  agar ,  r e spec t ive ly  ( the dose 
response  fac tors  of 1.49 and  1.45). Thus ,  t he  r a d i a t i o n  
res i s tance  induced  b y  1 ra in  cys te ine  t r e a t m e n t  was no t  
af fected b y  acr i f lavine ,  i.e. t h e  in t r ins ic  sens i t iv i ty  of 
bac t e r i a  was  decreased  b y  t h i s  t r e a t m e n t ,  The  30 m i n  
cys te ine  t r e a t m e n t ,  however ,  r esu l ted  in g rea te r  r es i s t ance  
e n h a n c e m e n t  w h e n  t he  cells were p l a t ed  on  n u t r i e n t  aga r  
t h a n  t h e y  were p l a t ed  on  t he  same  agar,  con t a in ing  acri-  
I lavine,  t h e  dose response  fac to rs  be ing  2.1 and  1.7, 
respect ive ly .  If  our  model  is a cor rec t  i n t e r p r e t a t i o n  of t he  
m e c h a n i s m  of b iochemica l  r a d i o p r o t e c t i v e  effect  of 
cyste ine ,  t he  resul t s  p r e sen t ed  here  sugges t  t h a t  t h e  
a s y n c h r o n o u s  syn thes i s  of m a c r o m o l e c u l a  induced  b y  
cys te ine  t r e a t m e n t  enhances  t h e  r ecove ry  a f te r  ioniz ing 
i r rad ia t ion .  Th i s  conclus ion is in  a g r e e m e n t  w i t h  some 
recen t  f ind ings  8,9 t h a t  t he  f u n c t i o n a l  ezra gene is 
requ i red  for  r a d i a t i o n  res i s t ance  e n h a n c e m e n t  induced  b y  
t he  a b o v e m e n t i o n e d  t y p e  of a s y n c h r o n o u s  syn thes i s  of 
macromolecu la .  

Zusammen/assung. Zur  P r i i fung  der  S t r ah l en re s i s t enz  
yon  Escherichia coli n a c h  b e w ~ h r t e r  Me thode  wi rd  
Acr i f lav in ,  ein D N A - R e p a r a t u r h e m m e r ,  zugegeben  und  es 
wi rd  fes tgeste l l t ,  dass  die S t r a h l e n r e s i s t e n z  auch  u n t e r  
Cys t e inschu tz  s inkt .  
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Changes in the Degree of Orientation of Bone Materials with Age in the Human Femur 

I n  r ecen t  years  bone  ha s  inc reas ing ly  been  cons idered  
as a two  p h a s e  compos i t e  of a p a t i t e  a n d  collagen.  Of t h e  
two m a t e r i a l s  a p a t i t e  ha s  t he  h ighe r  e last ic  modul i i .  I n  a 
compos i t e  of th i s  t y p e  t he  degree of p re fe r red  o r i e n t a t i o n  
of t he  h igh  elast ic  modu l i i  m a t e r i a l  p l ays  a v e r y  i m p o r t a n t  
p a r t  in  d e t e r m i n i n g  t h e  phys ica l  p roper t i e s  of t he  com- 
pos i t e  z. A l i t e r a t u r e  s u r v e y  showed  no s y s t e m a t i c  s t u d y  
of change  in t h e  degree of p re fe r red  o r i e n t a t i o n  of a p a t i t e  
c rys ta l s  w i t h  age, a l t h o u g h  t he  p re fe r red  o r i e n t a t i o n  of 
t h e  a p a t i t e  c rys ta l l i t es  in  m a t u r e  bone  a n d  t h e i r  re la t ion-  
ship  w i t h  col lagen f ibres  h a d  been  s t ud i ed  as ea r ly  as 
1936 2 . I t  was  the re fo re  decided to  s t u d y  t h i s  a spec t  of 
bone.  

Material and method. X - r a y  d i f f rac t ion  d i ag rams  of 
20 spec imens  of f emora l  bone  f rom 6 day  to  76-year-old 
i nd iv idua l s  h a v e  been  s tudied .  Of these,  6 were be low 
5 years  of age and  t he  res t  adu l t s  of d i f fe ren t  ages. X - r a y  
d i a g r a m s  were t a k e n  for b o t h  pos te r io r  a n d  an te r io r  
q u a d r a n t s  of t he  m i d s h a f t  of t h e  f emora l  d iaphysis .  
Spec imens  for X - r a y  d i a g r a m s  were  o b t a i n e d  b y  c leaving 
wedge-shaped  pieces f rom t h e  m i d d l e  of t he  q u a d r a n t .  
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