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ac t ive  si te as i ron uptake .  I found  t h a t  Zn 2+ has  a p p a r e n t l y  
a s t ronger  af f in i ty  to the  act ive  si te t h a n  Fe "~+ (Figure 6). 
This  is ot special  in teres t  because  i t  is known t h a t  in vivo 
Zn 2+ s tops  iron incorpora t ion  in to  ferr i t in  ~L 

Zusammen/assung. Es wurde  eine neue H y p o t h e s e  fiir 
die E i s enau fnahm e  du tch  Fer r i t in  exper imente l l  gepriift .  
Es  scheint ,  dass  die zweiwer t igen Eisenionen  in die 
Apofer r i t inhohlkugel  e indr ingen  k6nnen  und  im Inne rn  
an h i s t id inha l t igen  ak t iven  Stellen ka ta ly t i sch  oxydie r t  
werden ;  das en t s t ehende  Fe a+ bi ldet  sofort  ein (FeOOH)- 
MikroprS.zipitat,  welches ba ld  so gross ist, dass es n ich t  

mehr  durch  die Liicken der  Apofer r i t inhohlkugel  ent-  
weichen kann.  
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P R O  E X P E R I M E N T I S  

Bromination of Nucleosides 

Recen t ly  there  has  been  considerable  in teres t  in the  
b romina t ion  of pur ine  nucleosides 1-6 and  nucleot idesL 
The reagen t s  t h a t  have  been  employed  for such b romina-  
t ions  are b romine  in dioxane,  N-b romoace t amide  and 
b romine  water .  We  have  now found t h a t  N-bromosuc-  
c inimide (NBS) in D M F  solut ion is capable  of b romina t i ng  
pyr imid ine  and  pur ine  nucleosides.  I t  is known t h a t  N B S  
effects a romat ic  b romina t i on  when  b o t h  reagent  and  sub- 
s t r a t e  are in solution.  D M F  was  chosen as t he  reac t ion  
m e d i u m  since i t  dissolves N B S  as well as t he  nucleosides 
(except  guanosine) on s l ight  warming.  

The nucleosides in th is  s t u d y  which were b r o m i n a t e d  are 
uridine,  cyt idine,  adenosine,  2', 3 ' -O-isopropyl idene-adeno-  
sine and guanosine  s. The general  procedure  followed in 
these  react ions  is i l lus t ra ted b y  the  p repa ra t ion  of 8-bro- 
moguanos ine  and  5-bromouridine.  The progress  of these  
react ions  was followed b y  change  in UV-absorp t ions  and 
pape r  ch romatography% The s t ruc ture  of the  bromo-  
nucleosides was conf i rmed by  hydro lys is  w i th  N He1 
to  t he  cor responding  b r o m i n a t e d  bases.  

8-Bromoguanosine. Guanosine  (283 mg, 1.0 mM)  was 
suspended  in anhydrous  D M F  (8 ml), N B S  (200 mg, 1.14 
raM) added  and  the  suspension s t i r red overn igh t  a t  room 
t empera tu re .  By  th is  t ime  all the  guanosine  had  dissolved 
to a clear yel low solution.  Solvent  was r emoved  under  
reduced  pressure  (40-50 ~ wa te r  added  to  the  residue and 
the  separa ted  solid f i l tered and recrystal l ized f rom hot  
water .  Yield 290 mg  (80%), RI  0.60. 

5-Bromouridine. Urid ine  (244 mg, 1.0 mM) was dis- 
solved in D M F  (2 ml), N B S  (200 rag, 1.14 raM) added  and  
the  clear l ight-yei low solut ion al lowed to  s t and  a t  room 
t e m p e r a t u r e  for 16 h. The solution,  which had  tu rned  red, 
was  evapora t ed  in vacuo (40-50~ After  tho rough  re- 
mova l  of DMF,  the  residue was crystal l ized f rom acetone  
to give 202 mg  (62~o) of the  product ,  mp  175 ~ (ref. X~ 
181 ~ . RI  0.63% 

5-bromocyt idine ,  8 -bromoadenos ine  and 8-bromo-2' ,  3'- 
O-isopropyl idene adenosine  were s imilar ly  ob ta ined  in 83, 
40 and 50% yields,  respect ively.  However ,  when  th is  re- 
ac t ion  was appl ied to t r iace ty l inos ine  or to inosine, which  
is insoluble in DMF, no reac t ion  was observed dur ing  16 h 
a t  room t e m p e r a t u r e  and  h y p o x a n t h i n e  was ob ta ined  
when  the  reac t ion  mi x t u r e  was hea t ed  at  70-80~ for 
6 h a l  

ZusammenJassung. Mit N-Bromsucc in imid  k6nnen  
Nukleoside in D i m e t h y l f o r m a m i d  m i t  guter  Ausbeute  zu 
den  in 5-Stel lung b romie r t en  Der iva ten  umgewande l t  
werden.  

P. C. SRIVASTAVA and K. L. NAGPAL 

Central Drug Research Institute, 
Lucknow (India), 29 September I969. 

1 A. M. MICHELSON, The Chemistry o! Nucleosides and Nucleotides 
(Academic Press, New York 1963), p. 34. 

2 M. IKEHARA and K. MUNEYAMA, Chem. pharnl. Bull., Tokyo 13, 
639 (1965). 

a R. SHAFIRO and S. AGARIVAL, Biochem. biophys. Res. Commun. 
34, 401 (1966). 

4 R. E. HOLMES and R. K. ROBINS, J. Am. chem. Soc. 86, 1242 
(1964). 

5 M. IKEHARA, S. UESUGI and M. KANEKO, Chem. Commun. 17, 
(1967). 

6 R. A. LONG, R. K. ROBINS and L. B. TOWNSEND, J. org. Chem. ,32, 
2751 (1967). 

7 M. IKEHARA and S. UESUGI, Chem. pharm. Bull., Tokyo 77, 348 
(1969). 
All the brominated compounds gave satisfactory elemental 
analyses and also had the correct UV characteristics. 

9 n.BuOH_AcOH.H20 (4:1 : 5), descending. 
~0 p. A. LEVENE and F. B. LA FORGE, Chem. Ber. d5, 608 (1912). 
~ Communication No. 1435 from the Central Drug Research 

Institute. 

Collagen Substrate Films for Localizing Collagenolytic Activity Histologically 

Collagenolytic ac t iv i ty  has  been  repor ted  in an imal  and 
h u m a n  tissues under  b o t h  physiologic and pathologic  
condi t ions  1, 3. Such col lagenolyt ic  ac t iv i ty  has  been  de- 
m o n s t r a t e d  employing  the  m e t h o d s  or various modif ica-  
t ions  of GROSS et  al. 3. This  procedure  involves t he  use of 
collagen gels, ob ta ined  by  ex t r ac t ion  of m a m m a l i a n  skin, 

as subs t ra tes .  The proper t ies  of ex t r ac t ed  collagenases 
have  been  s tudied  by  v i scome t ry  and  electrophoresis  4. 

Subs t ra te  f i lms on microscope slides have  been  em- 
p loyed to  d e m o n s t r a t e  p ro teo ly t ic  ac t iv i ty  a n d  to  
localize deoxyr ibonuclease ,  r ibonuclease,  amylase  and 
hya lu ron idase  ~. Al though  such subs t r a t e  f ihn techniques  
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do no t  usually give the  fine enzyme localization of the  
dye coupling methods ,  the  ac t iv i ty  can be usually localized 
to  a group of cells histologically.  

Collagen subs t r a t e  f i lms were p repared  in an a t t e m p t  to 
ob ta in  a local izat ion of collagenolytic ac t iv i ty  more  
sui table for his tological  appl ica t ion  t h a n  the  use of gels. 
A collagen dispersion was ex t ruded  th rough  a slit  on to  
75•  25 m m  microscope slides. The concen t ra t ion  and 
a m o u n t  appl ied was ad jus ted  to give a d ry  fihn th ickness  
of 5 b~- The collagen was ob ta ined  f rom beef  t endon  and  is 
ident ical  to the  dispers ion employed  in making  recon- 
s t i t u t ed  collagen sutures  s. These films have  been  em- 
ployed to demons t r a t e  collagenolytic ac t iv i ty  in the  t issue 
reac t ion  zone a round  imp lan ted  surgical sutures.  

The coated slides were soaked in sterile Tyrode ' s  solu- 
t ion (containing 100 IU of penicill in and 100 mg s t repto-  
myc in  per  ml) for 1 h. Frozen  c ryos ta t  sect ions or t issue 
slices were placed on the  fiIms for 8 h, or in some cases 
overnight ,  and incuba ted  at  37 ~ and rela t ive h u m i d i t y  
of 95-100%. Control  sect ions were incuba ted  on fi lms 

soaked in Tyrode ' s  solut ion conta in ing  0.01 M cysteine,  or 
0 .01M EDTA.  At  comple t ion  of incuba t ion  the  slides 
w i th  sect ions in tac t  were gen t ly  r insed in disti l led water .  
Slides wi th  t issue slices were washed  to  r emove  the  tissue. 
The slides were then  placed in acetone  for a few minu te s  
to  r emove  any  lipid mater ia l ,  r insed in wa te r  and s ta ined 
wi th  picro-fuchsin.  Collagenolytic ac t iv i ty  was demon-  
s t ra ted  by  uns ta ined  areas where the  collagen fi lm had  
been digested (Figure). This ac t iv i ty  was suppressed by  
b o t h  0 .01M cysteine and EDTA.  The f ihn was digested 
and removed  by  Clostridium histolylic.um collagenase, bu t  
not  by  pancreat in ,  pepsin  or t ryps in  a t  any  concent ra t ion ,  
a t  p H  levels f rom 5.0 to 8.5. 

This p re l iminary  repor t  suggests  an approach  for 
d emo n s t r a t i n g  collagenolytic ac t iv i ty  histologically.  
Studies  are in progress  on me t h o d s  for mak ing  collagen 
subs t r a t e  f i lms f rom gels ob ta ined  f rom ra t  skins by  a 
modi f ica t ion  of the  m e t h o d  of KANG et al. 7. "With these 
subs t r a t e  f i lms we hope  to localize histologically a lower 
level of ac t iv i ty  t h a n  we have  found to date.  

Zusamme~z/assung. Als vorlgufiger  Ber ich t  wird  eine 
Methode  zur h is to logischen Er fas sung  der  Kol lagenolyse  
beschrieben.  
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Section of size 3-0 collagen suture implanted in rat glutcal muscle 
for 4 days, and placed for 8 h on collagen substrate fdm. Stained with 
picro-fuchsin. Area of collagenolytic activity is shown by unataincd 
area adjacent to suture. Magnificatirm ", 150. 
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A Quantitat ive Slide Tes t  for A T P  

Tile t echnique  we describe in this  shor t  note  is a modi-  
f icat ion of the  wel l -known bioiuminescence assay  for 
A T P  ~-12. As po in t ed  out  in the  l i terature,  the  sens i t iv i ty  
of t he  assay is l imi ted  by  (1) the i n s t r u m e n t a t i o n  for 
de tec t ing  l ight ou tpu t  and (2) the  endogenous  ac t iv i ty  of 
the  commerc ia l  firefly l an te rn  ex t rac t  (FLE).  To increase 
the  efficiency of l ight  de tec t ion  and decrease the  endo- 
genous ac t iv i ty  of the  F L E  prepara t ion ,  we have a r ranged  
to (1) allow the  react ion to take  place as close to the  l ight  
de tec to r  as possible  in order  t h a t  a large f rac t ion of the  
l ight  be collected and (2) reduce dras t ica l ly  the  vo lume of 
F L E  required.  

Our a r r angemen t  for l ight  de tec t ion  consists  of a 
ca l ibra ted  pho tomul t ip l i e r  (RCA, 6655A) selected for its 
low noise, a power  supply  (John Fluke,  412A), an am- 
plifier (Dymec, 2460A), and a char t  recorder  (Ester l ine 
Angus,  AW). The photomul t ip l ie r ,  run a t  - -900 V, is set  
wi th  its ca thode  window up inside a l igh t - t igh t  box  in a 
dark  room. 

To a microl i ter  drop of F L E  on a microslide res t ing on 
the  pho tomul t ip l i e r  window, we add a microl i ter  drop  of 
A T P  or of the  sample  to be tes ted.  Accura te  del ivery  is 
achieved by  means  of disposable  mic rop ipe t t es  (Micro- 
caps, D r u m m o n d  Scientific Co.). The mechanics  of adding  
the  second drop results  in the  mix ing  of the  reagents .  For  
even grea ter  sensi t iv i ty ,  the  reagents  m a y  be delivered 
and mixed  r igh t  on the  pho tomul t ip l i e r  window itself. 
This m e t h o d  of delivery,  however ,  is not  r e c o m m e n d e d  
for rout ine  assays, because it requires  the  ex t ra  pre- 
caut ion  of cleaning the  pho tomul t ip l i e r  window thorough ly  
af ter  every  individual  test .  

Figure 1 compares  the  t ime  dependence  of the  reac t ion  
on a microsl ide and t h a t  of a reac t ion  in a tube.  The 
vo lume of the  reac t ion  in t he  t ube  was 10 a t imes  t h a t  used 
on the  slide and  A T P  was added  by  means  of a tubercul in  
syringe. 

The A T P  used is a s t a n d a r d  p roduc t  of P -L  Biochemi-  
cals, Inc. The F L E  used is a commerc ia l  p repa ra t ion  from 


