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PRO E X P E R I M E N T I S  

T h e  I n t e r f e r e n c e  o f  P h e n o l s  i n  t h e  F l u o r o m e t r i c  

D e t e r m i n a t i o n  o f  N u c l e o t i d e s  

LOWRY et al. 1 descr ibed  a f l uo rome t r i c  m e t h o d  b y  
which  b o t h  oxidised a n d  reduced  p h o s p h o p y r i d i n e  nu-  
eleotides,  D P N ,  T P N ,  D P N H ,  a n d  T P N H  cou ld  be  de te r -  
m i n e d  in a n i m a l  t issues.  A n  a t t e m p t  was  m a d e  to  a p p l y  
th i s  m e t h o d  to  p l a n t  t i ssue  in  v iew of t h e  i m p o r t a n c e  of  
a knowledge  of such  r a t i o s  in  p l an t s .  

H o m o g e n a t e s  of e t io l a t ed  pea  or  l e t t uce  seedl ings  were 
p r e p a r e d  in  t r i s  bu f fe r  a n d  a n a l y s e d  b y  t h e  m e t h o d  of 
LowRY. No  nuc leo t ides  could be  de tec ted .  I n  r ecove ry  
e x p e r i m e n t s  where  D P N  was a d d e d  to  t h e  h o m o g e n a t e s ,  
a loss of D P N  of b e t w e e n  30 a n d  60% was  observed .  Th i s  
loss was a p p a r e n t l y  n o t  due  to enzymic  d e s t r u c t i o n  since 
i t  was  obse rved  also w h e n  e x t r a c t s  of pea  t i ssue  were 
p r e p a r e d  in ice cold m e t h a n o l  a n d  even  a f t e r  boi l ing  such  
ex t rac t s .  I t  a p p e a r e d  l ike ly  t h a t  some c o m p o u n d s  in the  
e x t r a c t s  were in t e r f e r ing  e i t he r  w i t h  t h e  d e v e l o p m e n t  of 
f luorescence of t h e  nuc leo t ides  d u r i n g  a lkal i  t r e a t m e n t  or  
were ac t ing  as q u e n c h i n g  agents .  Pheno l i c  s u b s t a n c e s  are 
widely  p r e s e n t  in  p l a n t  t i ssue  a n d  are  k n o w n  to  fo rm 
ox ida t ion  p r o d u c t s  in  s t r o n g  base  wh ich  m i g h t  be  respon-  
sible. A n u m b e r  of such  c o m p o u n d s  were  the re fo re  t es ted .  
The  c o m p o u n d s  were a d d e d  to  t he  D P N  so lu t ion  e i t h e r  
before  a d d i n g  a lka l i  a n d  keep ing  a t  38 ° C for 1 h or  i m m e -  
d i a t e ly  before  d i lu t ion  for r e ad ing  t h e  i n t e n s i t y  of fluo- 
rescence.  Some of t he  resu l t s  o b t a i n e d  a re  g i v e n  in t h e  
Table .  The  r e c o v e r y  of DI?N is_ c a l c u l a t e d  f rom t h e  ex-  
pec ted  a n d  o b s e r v e d  f luorescence.  A n  Ee l  f l uo r ime te r  
h a v i n g  a p r i m a r y  f i l ter  t r a n s m i t t i n g  a t  365 m~x a n d  a 
s econda ry  f i l ter  w i t h  a t r a n s m i s s i o n  p e a k  a t  465 m~t was  
used. All t e s t s  were m a d e  in a r a n g e  where  t h e  f luores-  
cence of D P N  a n d  qu in ine  s u l p h a t e  is l inear  w i t h  concen-  
t r a t ion .  

Effect of various substances on the fluorescence of DPN at a final 
concentration 1 [xg/ml 

Compound 

Catechol 
Chlorogenic Acid. 
Phloroglucinol 
Hydroquinone 
Dopa 
Caffeic acid 
Catechol + Hydroquinone 

each 

Concentration 

2 × 1 0 - 4  M 
1.1 × 10 -4 31 

2×10-4  M 
2 × 1 0 - a M  
1 x 10-4 M 

1.1 × 10 -4 M 

2X 10 -~ M 
Tyrosine 1,1 × t0  -~ M 
Resorcinol 2 × i0 -4 M 
2,4-dihydroxy benzoic acid 1.3 × 10 .4 M 

% Recovery of DPN 
if compound added 

Before i Before 
adding i dilutio n 
alkali 

63 
100 

76 
65 

49 
100 
100 
100 

62 

77 
61 
63 
90 

I t  will be  seen f rom th i s  Tab le  t h a t  a n u m b e r  of com-  
p o u n d s  are  capab le  of p r o d u c i n g  a n  a p p a r e n t  loss of D P N .  
This  appea r s  to  be  due  to  a q u e n c h i n g  effect  in t h e  case 
of ca techol  a n d  phlorogluc inol  and  h y d r o q u i n o n e .  W h e t h e r  
quench ing  occurs  or n o t  is c lear ly r e l a t ed  to  t h e  s t r u c t u r e  

O. H. LOWRY, N. R. ROBERTS, and J. I. KAPPHANN, J. biol. 
Chem. 224, 1047 (1957). 

of t h e  phenol ic  c o m p o u n d  tes ted .  I t  is p a r t i c u l a r l y  w o r t h  
n o t h i n g  t h a t  even  c o m p o u n d s  wh ich  f luoresce t h e m s e l v e s  
such  as D O P A  a n d  caffeic acid can  cause  a n  a p p a r e n t  re-  
duc t ion  of t h e  f luorescence of D P N  in  s t r o n g  alkali .  T h e  
f luorescence  is c lear ly  n o t  add i t ive .  

I t  m u s t  be  conc luded  t h a t  t h e  m e t h o d  of LowRY et aI. t 
c a n n o t  be app l ied  to  a n y  t i ssue  where  such  pheno l i c  com-  
p o u n d s  are  l ikely to  occur ,  especia l ly  s ince t h e  a m o u n t s  
of a n d  r a t i o s  b e t w e e n  va r ious  p h en o l s  in  p l a n t  t i s sues  a re  
l iable  to  c h a n g e  m a r k e d l y  d u r i n g  d e v e l o p m e n t  of t h e  
p l a n t .  

I would like to thank the Superintendent of the Low Tempera- 
ture Research Station for providing the facilities for carrying out 
this work. 

A. M. MAYER 

L o w  Temperature  Research Stat ion,  Cambridge, Eng-  
land*, Dezember  8, 1958. 

Z u s a m m e n f a s s u n g  

Die I l u o ro me t r i s ch e  B e s t i m m u n g  v o n  N u k l e o t i d e n  in  
P f l a n z e n e x t r a k t e n  wi rd  d u r c h  pheno l i sche  Stoffe ges t6r t .  
N u k l e o t i d e  k 6 n n e n  m i t  dieser  M e t h o d e  n i e h t  r ou t i ne -  
m~ssig b e s t i m m t  werden .  

* Permanent Address: Botany Department, Hebrew University, 
Jerusalem (Israel). 

P R O  E X P E R I M E N T I S  

V e r g l e i c h e n d e  r S n t g e n h i s t o r a d i o g r a p h i s c h e  u n d  

i n t e r f e r e n z m i k r o s k o p i s c h e  T r o c k e n g e w i c h t s -  

b e s t i m m u n g e n  1 

V o n  ENGSTR6M u n d  LINDs'rRtgM ~ wurde  die R 6 n t g e n -  
h i s t o r a d i o g r a p h i e  m i t  we ichen  R 6 n t g e n s t r a h l e n  z u r  T rok -  
k e n g e w i c h t s b e s t i m m u n g  a n  k l e i n s t c n  b io log ischen  Ob-  
j e k t e n  e ingef i ihr t .  Sic s te l l t  n e b e n  de r  I n t e r f e r e n z m i k r o -  
skopie  e ine wich t ige  unabh~mgige  M e t h o d e  fiir diese 
Zwecke  dar.  DAVIES et al. 3 u n t e r s u c h t e n  e r s tma l s  ver-  
g le ichend  m i t  b e i d e n  V e r f a h r e n  v e r s ch i ed en e  O b j e k t e  u n d  
f a n d e n  eine gu t e  ~ b e r e i n s t i m m u n g  de r  Messergebnisse .  

W i r  b e n u t z t e n  in  u n s e r e n  r 6 n t g e n h i s t o r a d i o g r a p h i s c h e n  
U n t e r s u c h u n g e n  das  GerXt y o n  Ph i l ips  (CMR 5). W c g e n  
des  k le inen  a u s g e l e u c h t e t e n  Fe ldes  k S n n e n  h ie r  O b j e k t  
a n d  R e f e r e n z s y s t e m  k a u m  gle ichzei t ig  p h o t o g r a p h i e r t  
werden .  Wqr m u s s t e n  d e s h a l b  eine M e t h o d e  en twicke ln ,  
die es g e s t a t t e t ,  T r o c k e n g e w i c h t s b e s t i m m u n g e n  o h n e  
R e f e r e n z s y s t e m  du rchzu f i i h r en .  Dazu  wurde  die Zei t-  
Schwi i r zungsku rve  fiir d en  v e r w e n d e t e n  F i l m  ( l inear  bis  
D = 0,7 fiir K o d a k  M a x i m u m  :Resolution P la te s  bei  E n t -  
wicMung  m i t  G e v a e r t  G 209 A, 6 rain,  18°C) bei  k o n s t a n -  
t e r  S p a n n u n g  fes tgelegt  u n d  mit .  e i n e m  R e f e r e n z s y s t e m  
ein T r o c k e n g e w i c h t s ~ q u i v a l e n t  b e s t i m m t .  (Ft i r  E inze l -  
h e i t e n  d e r  M e t h o d i k  siehe M~TLLER et aL 4, im  Druck . )  

Die O b j e k t e  ( E r y t h r o z y t e n  y o n  R a n a  temporaria,  Bul -  
l enspermien ,  B u l l e n t h y m u s l y m p h o z y t e n ,  P l a t t e n e p i t h e -  
l ien d e r  m e n s c h l i c h e n  M u n d s c h l e i m h a u t )  w u r d e n  au f  PrA- 

x Mit Unterstiitzung der Deutschen Forsehungsgemeinsehaft. 
A. ENGSTR6M und B. LINOSTR6M, Nature 163, 563 (1949); 

Bioehitu. biophys, Aeta 4, 351 (t050). 
a H.  G. DAVIES, A. ENGSTR6M u n d  B. LINDSTR6M, N a t u r e  172, 

1041 (1953). 
4 D.  ~i(ILLER, W.  SANDRITTER und G. SCHWAmER, Histochemie 

(ira Druck). 
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Zellart 

t3ullenspernlien . . . . . . . . . .  
13ullenthymuslymphozyten . . . . .  
Froscherythrozyten 

Kern . . . . . . . . . . . . .  
Kern . . . . . . . . . . . . .  
Plasma . . . . . . . . . . . .  

Pla t tenepi thel  der Mundsehleimhaut  
Kern . . . . . . . . . . . .  ' . 
Kern . . . . . . . . . . . .  ' . 
Plasma . . . . . . . . . . . .  
Plasma . . . . . . . . . . . .  

R~n tgenhist oradiogr aphisehe 
Messungen 

Zellzahl 

16 
26 

49 
18 
29 

Trockengewicht 
i~ 1 0  - 1 2  g 

7,87 4- 0,46 
15,05 ± 0,53 

24,00 -t- 0,69 
21.29 4- 0,78 
89,24 4- 5.40 

5 77,80 -4- 4,62 
22 70,36 ± 4.26 
27 1068,00 4- 84,00 

Interferenzmikroskopische 
Messtmgen 

Zellzahl 

162 
96 

26 
6 

8 
38 

8 
37 

Trockengewicht in 10 - l a g  

8,94 ~: 1,175 
14,40 :h 1,58 s 

21,55 ~ 0,84 s 
20,00 ~k 0,725 

58,00 * 
55,50 ::£ 2,6 e 

2272,00 ~ - s 
1941,20 ~ 61,5 s 

5 W, SANDRITTI:R, D. ~[I)LLER und H. G. SCmEZtER, Anat. Anz., 
1959 (ira Druck). 

paratetr~Lgern, die m i t  Myla r fo l i en  b e s p a n n t  waren ,  aus-  
ges t r ichen .  I n  a l len FAllen, ausser  den  M u n d s c h t e i m h a u t -  
ep i the l ien ,  k a m e n  die g le ichen O b j e k t e  m i t  b e i d e n  M e t h o -  
d e n  zu r  U n t e r s u c h u n g .  Bei  e iner  S p a n n u n g  von  1,52 kV, 1,5 
m A  R 6 h r e n s t r o m  n n d  30 rain  Be l i ch tungsze i t  w u r d e n  m i t  
d e m  H i s t o r a d i o g r a p h e n  C M R  5 au f  K o d a k  Max. Res. P la t e s  
R ~ n t g e n - K o n t a k t a u f n a h m e n  ange fe r t i g t  u n d  6 ra in  in G 
209 A G e v a e r t  bei  18°C en twicke l t .  Die  A u s w e r t u n g  de r  
K o n t a k t a u f n a h m e n  erfolgte  m i t  e inem Z y t o p h o t o m e t e r  
(SANDRITTER et al. 7) m i t  e iner  Messb lende  yon  5 t~ 2. Die  
i n t e r f e r e n z m i k r o s k o p i s c h e n  U n t e r s u c h u n g e n  w u r d e n  m i t  
de r  A n a l y s a t o r m e t h o d e  du rchge f f ih r t  (Bakersches  I n t e r -  
f e renzmikroskop ,  vgl. SCHIE~ER et al.S). 

Das  E r g e b n i s  der  r 6 n t g e n h i s t o r a d i o g r a p h i s c h  und  in ter -  
f e r enzmik roskop i sch  g e w o n n e n e n  T rockengewich t e  zeigt  
die Tabel le .  Die Messwer te  ze igen eine g u t e  tAbereins t im- 
m u n g .  Die  A b w e i c h u n g e n  s ind  d u r c h  den  s y s t e m a t i s c h e n  
F e h l e r  be ide r  M e t h o d e n  bed ing t .  Diese E r g e b n i s s e  s che inen  
u n s  d e s h a l b  b e m e r k e n s w e r t ,  welt  n i c h t  n u r  die G e n a u i g k e i t  
de r  i n t e r f e r e n z m i k r o s k o p i s c h e n  u n d  r 6 n t g e n h i s t o r a d i o -  
g r a p h i s c h e n  T e c h n i k  aufgezeigt ,  s o n d e r n  d a m i t  a u c h  die 
yon  uns  e ingeff ihr te  M e t h o d i k  de r  r 6 n t g e n h i s t o r a d i o -  
g r a p h i s c h e n  T r o c k e n g e w i c h t s b e s t i m m u n g e n  ohne  rou t ine-  
m/issige V e r w e n d u n g  eines Re fe renzsys t ems  ges icher t  
wird.  So i s t e s  e r s tma l s  m6gl ich  geworden  m i t  d e m  ein- 
l a c h e s  Ger~ t  C MR 5 q u a n t i t a t i v e  R 6 n t g e n h i s t o r a d i o -  
g raph ie  bei  ge r ingem A r b e i t s a u f w a n d  zu be t r e iben .  

W. SANDRITTER u n d  D. MULLER 

Senckenbergisches Pathologisches Inst i tut  der Universitdt 
Frank/ur t  a. M. ,  IO. November 1958. 

S u m m a r y  

Q u a n t i t a t i v e  r o e n t g e n - h i s t o - r a d i o g r a p h i c  d r y - w e i g h t  
d e t e r m i n a t i o n s  were m a d e  w i t h o u t  a reference  sys tem.  
The  resu l t s  were  c o m p a r e d  to  r ead ings  w h i c h  h a d  been  
o b t a i n e d  b y  t he  in te r fe rence  microscope.  The  r ead ings  f rom 
b o t h  m e t h o d s  cor respond .  T h e  resu l t s  show the  r ange  of 
e r ro r  for  b o t h  m e t h o d s .  I t  is r e m a r k a b l e  t h a t  r oen tgen -  
h i s t o - r a d i o g r a p h i c  d r y - w e i g h t  d e t e r m i n a t i o n s  were m a d e  
w i t h o u t  us ing  a reference  sys t em,  once  t he  d r y - w e i g h t  
e q u i v a l e n t  h a d  been  es tab l i shed .  

7 ~,V. SANDRITTER, W. ~IONDORF, H. G. SCHIEMER und D. MCLLER, 
Mikroskopie (ira Druck). 

s H. G. SCmE~ER, W. ALT und W. SA,~DR1TTER, Aeta Histochem. 
g, 325 (1957). 

W. SANDRITTER, H. G. SCHIEMER, \V. ALT, D. ~II()LLER und 
E. BmlROUZl, Frankf. Z. Path. ag, 167 (1958). 

P R O  E X P E R I M E N T I S  

A Method of Reducing the Fibrinolytic Activity 
of Endometr ium Cells 

in Plasma Clot Tissue Culture 

The  d i f f icu l ty  of p r e v e n t i n g  g rowing  cells f rom diges t -  
ing p l a s m a  coagel  h a s  been  a p r o b l e m  since t h e  ear l ies t  
d a y s  of t i s sue  cu l tu re .  R e p e a t e d  e f for t s  h a v e  been  m a d e  
to  ove rcome  th i s  obs tac le  (LosEE andEBELIN61, CARREL-°). 
More recen t ly ,  t h e  t r y p s i n  i nh ib i t o r ,  i so la ted  b y  KUNITZ 3 
f rom soya  b e a n  ex t r ac t ,  has  been  used;  b u t  i t  was found  
to h a v e  a g r o w t h  r e t a r d i n g  effect  a n d  to p ro long  t h e  coag-  
u l a t i on  t i m e  of t h e  p l a s m a  (FISCHER4). 

Ce r t a in  cells, especia l ly  those  of t h e  u ro -gen i t a l  sys tem,  
c o n t a i n  a large  q u a n t i t y  of f ib r ino lys ins ;  c o n s e q u e n t l y  t h e  
cells l iquefy  t h e  p l a s m a  c lo t  so m u c h  t h a t  t h e r e  h a s  been  
g rea t  d i f f i cu l ty  in  g rowing  th i s  k i n d  of cell in t i ssue  cul- 
tu re ,  e v e n  for  s h o r t - t e r m  s tudies .  In  s t u d y i n g  t h e  endo-  
cr ine  r eac t ions  of r a t  e n d o m e t r i u m  in vitro, t h e  p r e s e n t  
a u t h o r  m e t  w i t h  th i s  p r o b l e m  of p r e v e n t i n g  f ibr inolysis .  
However ,  t h e  a d d i t i o n  of l y s ine -e thy l - e s t e r  (LEe) to  the  
clot  has  m a d e  i t  possible  to  p r e v e n t  i ts  d iges t ion  b y  the  
e n d o m e t r i a l  cells. E x p e r i m e n t s  ca r r i ed  o u t  b y  TROLL, 
SHERRY', a n d  WACHSMAN b h a v e  shown  t h a t  es ters  of ly- 
s ine a n d  a rg in ine  are specific s u b s t r a t e s  for p lasmin ,  t h e  
p ro t eo l y t i c  e n z y m e  of m a m m a l i a n  p lasma .  Aware  of th is  
fact ,  t h e  p r e s e n t  a u t h o r  used  t h e  L E e  in t h e  p l a s m a  clot  
of h e r  e x p e r i m e n t s  to  p r e v e n t  t h e  f ib r ino ly t i c  ac t ion  of the  
ep i the l i a l  cells of r a t  e n d o m e t r i u m .  

Method. S m a l l  slices of u t e r u s  f rom a lb ino  ra ts ,  s p a y e d  
4 -6  weeks  before  t h e  e x p e r i m e n t s ,  were e x p l a n t e d  in 
Carrel  f lasks (I) 5) in a solid p h a s e  c o n t a i n i n g  0-5 ml of 
cockerel  p l a s m a  a n d  0.5 ml  of 5 %  ch icken  e m b r y o n i c  
e x t r a c t  in T y r o d e ' s  so lu t ion .  I n  some cu l tu res  L E e  was  
a d d e d  to  t h e  ex t r ac t ,  p r o d u c i n g  a f inal  c o n c e n t r a t i o n  in 
t h e  c lo t  of 1-25-12-5 mg/ml .  Th i s  solut ion,  however ,  was  
found  to  be  acid (10 m g / m l  of L E e  in T y r o d e  h a s  a p H  
va lue  of 6.4). Therefore ,  as a cont ro l ,  a T y r o d e  s o l u t i o n  

I j .  R. Los~E and A. H. EBEL1NC,, J. exp. Med. 1.% 5c.~,q (1914). 
A. CARREL, J. exp. Med. 38, 407 (19o1]}. 

3 M. KUNITZ, Science 10l, 668 {1945). 
a A. FrSCHER, Science 109, 611 (1949). 
a W. TROLL, S. SHERRY, and J. WACttSMAN, J. hiol. Chem. 208, 

Sa (t954). 


