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W h e n  the  l o g a r i t h m  of E u g  c o n c e n t r a t i o n s  was p lo t t ed  
aga ins t  t he i r  f ib r ino ly t i c  ac t iv i ty ,  a s t r a igh t  l ine  was 
ob t a ined  over  a b r o a d  range,  i.e. t h e  resu l t s  agreed 
well  w i t h  t he  law Of one -d imens iona l  diffusion.  On the  
basis  of F igure  1, 2 . 5 •  E ug  seems to  be 
o p t i m a l  for rou t ine  inves t iga t ions .  I n  t h i s  r ange  changes  
(increase as well  as decrease) of f ib r ino ly t i c  a c t i v i t y  
are well  eva luab le  (Figure 2). 

Compared  to  t h e  p l a t e  t echn ique ,  t he  lysis of f i b r in  
tubes  was less inf luenced  b y  t he  v o l u m e  of t he  samples  

Reproducibility and accuracy of fibrin plate and fibrin tube assays 

Method Fibrinolytie activity ~ Mean -4- SD 

Plate b 6.5 7.4 9.0 9.6 10.0 5.8 7.2 7.9 ~ 1.54 
6.0 7.9 9.5 

Tube b 11.2 12.3 12 .1  11.8 11.5 11.9 11.9 q- 0.34 
12.1 12.0 11.5 11.9 

Diameter or length of digested fibrin (ram). b Test sample: 50 ~zl 
of 2.5 • concentrated Eug. 

4 M. LASSEN, Acta physiol, scan& 27, 371 (1953). 

a n d  2.5 •  Eug  is an  o p t i m a l  one f rom th i s  
p o i n t  of view, too (Figure 3). I t s  v o l u m e  d e p e n d e n c e  can  
be  neglec ted  a b o v e  50 ~zl. O t h e r  a d v a n t a g e s  descr ibed  b y  
YASUKOUCI-II a n d  WATANABE~ for  h u m a n  sys tem,  
i.e. a clear l ine of d e m a r c a t i o n  be tween  lyzed a n d  re- 
m a i n i n g  f ibr in,  sma l l  a m o u n t  of f ib r inogen  required,  
s t ab le  enzyme  a c t i v i t y  of t e s t ed  mate r ia l s ,  were found  in 
rats ,  too. Resu l t s  shown  in t he  Tab le  i nd i ca t e  t h a t ,  
e s t i m a t i n g  a t  o p t i m a l  condi t ions ,  t he  r ep roduc ib i l i t y  of 
t u b e  assay  is also super ior  to  t h a t  of t h e  p l a t e  t echn ique .  

To summar ize ,  we sugges t  t h e  fol lowing cond i t ions  
for t he  e s t i m a t i o n  of f ib r ino ly t i c  a c t i v i t y  in  r a t  s y s t e m  
b y  f ib r in  t u b e  assay :  0 .1% f ib r in  t u b e  as subs t r a t e ,  
50 ~xl of 2.5 •  E u g  as t e s t  sample ,  18 h 
i n c u b a t i o n  a t  37 ~ I t  can  be used in each  case w h e n  t he  
ASTRUP t e c h n i q u e  is ind ica ted ,  b u t  t h e  t u b e  one is m u c h  
more  a d v a n t a g e o u s .  

Zusammen/assung. Fes ts te l lung ,  dass  die e ind imen-  
s ionale  Di f fus ions -Methode  eine sensi t ive ,  e infache und  
r ep roduz ie rba re  Techn ik  zur  B e s t i m m u n g  de r  Ver~nde-  
r u n g e n  der  f i b r ino ly t i s chen  A k t i v i t ~ t  bei  R a t t e n  ist.  
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1~5I in Electron Microscope  A u t o r a d i o g r a p h y  

1~I has. been  used fai r ly  wide ly  i.ll l igh t  and  e lec t ron  
microscope a u t o r a d i o g r a p h y ,  pa r t i cu l a r l y  in s tud ies  on 
iodine m e t a b o l i s m  l-a. Theore t i ca l  cons ide ra t ions  4 sugges t  
t h a t  t he  isotope is l ikely to possess a h i g h  p o t e n t i a l  for 
e lec t ron  microscope  a u t o r a d i o g r a p h y  and  th i s  is bo rne  ou t  
b y  e x p e r i m e n t a l  s tud ies  5. A d r a w b a c k  to  t he  wider  use of 
iodine is t h a t  i t s  i n t r o d u c t i o n  can  a l t e r  t h e  biological  and  
phys i cochemica l  p roper t i e s  of p ro t e in s  ~. This  r e p o r t  
descr ibes  s tud ies  emp loy ing  t h e  i so tope  in a biological  
s i t ua t i on  where  th i s  d i f f icu l ty  has  been  overcome  and  
where  t he  h igh  re so lu t ion  a t t a i n a b l e  w i t h  125I can  more  
read i ly  be d e m o n s t r a t e d .  

I n  these  s tud ies  e lec t ron  microscope  a u t o r a d i o g r a p h y  
ha s  been  used to measu re  t he  r a t e  of g r o w t h  of col lagen 
f ibri ls  in  v i t ro .  As obse rved  b y  BENSUSA~ a n d  SCANUT, 
full i o d i n a t i o n  of t he  col lagen was found  to h a v e  a 
p ro found  effect  on  g r o w t h  ra tes .  W e  were neve r the l e s s  
able  to  e s t i m a t e  t he  g r o w t h  r a t e  of n o r m a l  f ibri ls  w i t h  a 
m e t h o d  of i od ina t ion  u t i l iz ing  carr ier- f ree  radio iodide ,  
t h u s  p r o v i d i n g  m a x i m u m  specific a c t i v i t y  for  m i n i m u m  
iod ina t ion .  A specific a c t i v i t y  suff ic ient  for au to rad iog-  
r a p h y  could be  ach ieved  for a degree of i o d i n a t i o n  so smal l  
t h a t  g r o w t h  ra t e s  were no t  m e a s u r a b l y  affected.  Such  a n  
economica l  use of 1~5I is poss ible  la rgely  because  of i t s  
ha l f  life of 60 days.  This  is long e n o u g h  to  p e r m i t  con- 
v e n i e n t  hand l ing ,  b u t  is suf f ic ien t ly  sho r t  to  ut i l ize  a 
s u b s t a n t i a l  f r ac t ion  of t h e  iodine a t o m s  d u r i n g  t h e  au to -  
r ad iog raph i c  exposure .  I n  a d d i t i o n  each  nuc lea rd i s in t e -  
g ra t ion  yields  (on aver3ge)  1.7 e lec t rons  4. 

Solu t ions  of calf sk in  col lagen were  p r e p a r e d  b y  s t an -  
d a r d  m e t h o d s  s. Labe l l ing  of t h e  p r o t e i n  w i t h  ~25I fol lowed 
essent ia l ly  t he  c h l o r a m i n e - T  m e t h o d  of GREENWOOD et  al. 9 
,who o b t a i n e d  specific ac t iv i t i e s  up  to 300 m C i / m g  on 
h u m a n  g r o w t h  h o r m o n e  w i t h o u t  loss of a n t i - s e r u m  aff in i ty .  

Calf sk in  col lagen has  on ly  11 ty ros ines  pe r  molecule  of 
3000 residues,  b u t  a n  a c t i v i t y  of 1 m C i / m g  (cor responding  
to  i o d i n a t i o n  of less t h a n  1% of these  tyros ines)  was  
found  to be a d e q u a t e  for e lect ro  n microscope  au to rad iog -  
r a p h y  w i t h  on ly  3 days  exposure .  The  emiss ion  of y- 
r a d i a t i o n  b y  1~5I m e a n t  t h a t  t h e  a c t i v i t y  could  con-  
v e n i e n t l y  be  m o n i t o r e d  on  a sod ium iodide c rys ta l  scint i l -  
l a t ion  counte r .  

Af te r  s epa ra t i on  f rom excess rad io iod ide  b y  dialysis,  
col lagen f ibr i l  p r e c i p i t a t i o n  was  i n i t i a t ed  b y  warming .  
Al iquo ts  were r e m o v e d  a t  a n  ear ly  s tage w h e n  t h e  f ibr i ls  
were shor t .  These  sho r t  label led  f ibri ls  were t h e n  p laced  
in a large excess of un labe l l ed  col lagen solut ion,  a l lowing 
f u r t h e r  (unlabel led)  g r o w t h  to  t a k e  place. Af t e r  k n o w n  
t imes ,  d rops  of p r ec ip i t a t e  were r e m o v e d  for  au to rad iog -  
r a p h y .  The  spec imen  was m o u n t e d  on  one side of a 400 A 
t h i c k  c a r b o n - f o r m v a r  f i lm a n d  a m o n o l a y e r  of I l ford  L4 
emuls ion  was  app l ied  to  t he  o ther .  Deta i l s  fo t h e  au to -  
r ad iog raph ic  t e c h n i q u e  are descr ibed  sepa ra t e ly  10. 
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F igure  l a  is a n  a u t o r a d i o g r a p h  showing  typ ica l  g r o w t h  
of un labe l l ed  col lagen on 2 label led  fibrils.  The  p o l a r i t y  of 
f ibri ls  could be found  f rom t h e  640 A per iodic  s t a in ing  
p a t t e r n ,  v is ib le  a t  h ighe r  m a g n i f i c a t i o n  (see F igure  lb ) .  
G r o w t h  is a p p a r e n t  a t  b o t h  ends,  w i t h  r a t h e r  more  g r o w t h  
a t  t h e  N - t e r m i n a l  end  t h a n  t h e  C. W h e n ,  however ,  t h e  
e x p e r i m e n t  was  r e p e a t e d  us ing  col lagen ful ly i od ina t ed  
with.I~, p r ec ip i t a t i on  was a f ac to r  of 15 to  20 t i m e s  f a s t e r  
a n d  g r o w t h  was obse rved  on ly  a t  t he  N - t e r m i n a l  end  of t h e  
f ibr i l  10. 

I n  o rder  to  check  t h e  effect  of t he  smal l  degree of 
i o d i n a t i o n  i n v o l v e d  in m e a s u r i n g  n o r m a l  f ibr i l  g r o w t h  
ra tes ,  t h e  e x p e r i m e n t  was r epea t ed  us ing  sho r t  f ibri ls  
labe l led  (by GREENwoon ' s  9 m e t h o d )  to  d i f fe ren t  ex t en t s .  
I t  was found  (see Tab le  I) t h a t  doub l ing  t h e  degree of 
i o d i n a t i o n  (labell ing) d id  no t  s ign i f i can t ly  affect  t h e  

g r o w t h  r a t e  measu red .  I t  m a y  the re fore  be  conc luded  t h a t  
t h e  degree of i o d i n a t i o n  w i t h  t h i s  m e t h o d  of l abe l l ing  was 
suf f ic ien t ly  smal l  for i t s  chemica l  effect  to  be  neglected.  

To o b t a i n  some measu re  of t h e  r e so lu t ion  ach i eved  on  
t h e  au t o r ad i o g rap h s ,  h i s t o g r a m s  were compi led  showing  
t h e  n u m b e r  of gra ins  found  in 180 A in t e rva l s  f rom t h e  
f ibri l  axis.  D i s t ances  were m e a s u r e d  f rom t h e  cen t re  of t he  
f ibr i l  (average  d i a m e t e r  a p p r o x i m a t e l y  800 A) to  t h e  
cen t r e  of t h e  smal les t  circle to  c i r cumscr ibe  a grain.  I n  
t h e  h i s t o g r a m  s h o w n  in F igure  2 eve ry  gra in  was c o u n t e d  
up  to  a d i s t ance  of 0.8 a m  f rom t h e  f ibr i l  axis. Of 300 
gra ins  counted ,  ha l f  fell w i t h i n  a d i s t ance  of a b o u t  500 A 
f rom t h e  cen t r a l  axis  of t h e  fibril .  I n  a n o t h e r  h i s tog ram,  
t a k e n  f rom a u t o r a d i o g r a p h s  in  wh ich  t h e  c o n t r i b u t i o n  of 
gra ins  caused b y  n o n - p r e c i p i t a t e d  col lagen dr ied  down  in 
t h e  b a c k g r o u n d  could n o t  be  neglected,  a s imi la r  f igure  

Fig. 1. a) An autoradiograph of 
two collagen fibrils showing growth 
of unlabelled collagen at both 
ends. The developer used was 
Microdol X. b). An enlargement 
of the area outlined by the small 
rectangle in Figure a), showing the 
640 A periodic staining pattern 
and the polarity of the fibrils. 
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Table I. Axial growth of normal collagen fibrils at 30 ~ in phosphate 
buffer pH 7.0. I = 0.2, Co = 750 fxg/ml. 

Specific activity of labelled collagen N end C end 
(molecules/see) 

0.4 mCi/mg 1.73 =L 0.06 1.27 ~ 0.08 
0.2 mCi/mg 1.89 4- 0.08 1.11 ~: 0.06 

Errors represent standard deviations on measurements of about 
20 fibrils in each case. 

Table II. The energies of/~-'s emitted by 125I (taken from reference 4) 

Energy (keV) : 2.77 3.6 22.5 31.0 34.3 
Fraction of/~-'s 
with this energy 0.291 0.488 0.142 0.067 0.012 

The high proportion of electrons with low discrete energies is due 
to their atomic, rather than nuclear, origin. They are emitted in 
consequence of the electron capture and ),-emission processes by 
which the 12~I nucleus decays and are a mixture of internal conversion 
alld Auger electronsli 

of 540 A was o b t a i n ed  f rom 600 grains, a f te r  a cor rec t ion  
for th is  background  had  been  made.  

The theore t ica l  curve  in F igure  2 represen t s  the  p rob-  
abi l i ty  of a h i t  as a func t ion  of dis tance,  a ssuming  t h a t  
e lectrons pursue  a s t r a igh t  line p a t h  and  are no t  absorbed.  
I t  is der ived  f rom the  curve  of DONIACH and  PELC n for a 
po in t  source, by  numer ica l  in tegra t ion  over  a line source 
of f ibri l lar  d imens ions  in the  same geomet ry  as the  
exper iment .  The large difference be tween  the  h i s tog ram 
and  the  curve (whose areas are the  same) indica tes  t h a t  
the  a s sumpt ion  abou t  e lec t ron p a t h s  is no t  val id for 125I. 
This  is l ikely on theore t ica l  grounds.  Since mos t  of t h e  
decay  electrons of x25I have  a ve ry  low energy  (see 
Table  II),  these  will have  a range  in silver b romide  of less 
t h a n  a single L4 crys ta l  d i ame te r  ~2. Shielding of one 
c rys ta l  b y  an o t h e r  will therefore  be signif icant ,  resu l t ing  
in an enhanced  p robab i l i t y  of h i t s  d i rec t ly  over  t he  source 
and  an i m p r o v e m e n t  of resolut ion 1~. 

Our resul ts  conf i rm the  po ten t i a l  of 1~I for e lectron 
microscope  au to rad iog raphy  and  d e m o n s t r a t e  the  h igh  
resolut ion t h a t  can be achieved.  They  show t h a t  p rob lems  
ar izing f rom the  effects  of iod ina t ion  on p ro te in  behav iour  
can be min imized  by  a sui table  m e t h o d  of iodinat ion.  

Rdsumd. Le 125I poss~de un grand  po ten t i e l  pour  
l ' au to rad iograph ie  en microscope 61ectronique. It p e r m e t  
d ' a t t e i n d r e  la hau te  r6solution. Le h o mb re  des problgmes  
que posen t  ]es effets  de l ' iod ina t ion  sur le c o m p o r t e m e n t  
des prot4ines  peu t  6tre cons id4rab lement  r6dui t  p a r  une  
m6thode  appropri4e d ' iod ina t ion .  
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DISTANCE FROM FIBRIL AXl$ 
IN ~NGSTRDMS 

Fig. 2. For explanation see text. 
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Different ia l  S ta in ing  of the  Sate l l i te  R e g i o n s  of H u m a n  A c r o c e n t r i c  C h r o m o s o m e s  

Cytogenet ic is ts  have  r epo r t ed  t h a t  all 10 acrocentr ic  
ch romosomes  of t he  D and  G groups in h u m a n s  p ro b ab l y  
bear  satel l i tes on the i r  shor t  a rms;  fu r thermore ,  all of 
these  could be expec ted  to func t ion  in t he  organiza t ion  of 
nucleoli  1,a. Certain of these  acrocentr ie  ch romosomes  
approach  each o ther  w i th  the i r  satel l i te  ends  more  of ten  
t h a n  would be r a n d o m l y  expec ted  3, 4. Cytogenet ie is ts  are 
p resen t ly  inves t iga t ing  th is  preferen t ia l  satel l i te  associa- 
t ion  as a possible cause of ch romosomal  non-d i s junc t ions  
and  t rans loca t ionsK However ,  these  inves t iga tors  are 
h a n d i c a p p e d  because these  regions do no t  usual ly s ta in  
and  riley have  to  a rb i t ra r i ly  define these associat ions.  
OHNO et al. 2 suggested t h a t  a t  m e t a p h a s e  the  satel l i te  
regions become very  shor t  and  s ta in  poor ly  because of t he  

def iciency of DNA. Therefore,  the re  was a need for a 
t echn ique  to  d i f ferent ia l ly  s ta in  these  i m p o r t a n t  satel l i te  
regions. 
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