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The dis tr ibut ion of alkaline r ibonuclease  in bone m a r r o w  cel l s  of heal thy r a t s  and in cel ls  
f r o m  asc i t e s  fluid of r a t s  with t ransp lan ted  Svec leukemia  was  studied by the azo-coupl ing 
method using synthetic a -naph thy lu r id ine -3 ' -phospha te  as  subs t ra te .  A dec rea se  in act ivi ty 
of the enzyme was  found in the leukemic  ce l l s  by compar i son  with the normal  ances t r a l  
hematopoie t ie  ce l l s .  

Determinat ion  of the in t race l lu la r  local izat ion of the r ibonuc leases  is often used to study the i r  b i -  
ological  ro le  in the genes i s  of cance r  and leukemia .  Modern h i s tochemica l  methods can be used  for  this 
purpose ,  notably reac t ions  with azo -dyes  and methods using e s t e r s  of halogenated indoxyl, developed in 
r ecen t  y e a r s  can be used for  this  purpose  [3, 5, 6]. 

Bone m a r r o w  cel l s  f r o m  healthy Wis ta r  r a t s  and ce l l s  f rom the a se i t e s  fluid of r a t s  with a t r a n s -  
planted Svec l eukemia  [4] we re  used  as  the t es t  objects .  The local izat ion of alkaline r ibonuclease  in these  
ce l l s  was  de te rmined  by the azo-coupl ing method.  

No r e f e r e n c e  could be found in the access ib le  l i t e ra tu re  to the h i s tochemiea l  de te rmina t ion  of r ibo-  
nuclease  act ivi ty by this  method in the cel ls  of hematopoie t ic  t i s sue s  under  no rma l  conditions and 
in luekemia .  

EXPERIMENTAL METHOD 

In the absence of any available commercial preparation of the reaction substrate (~-naphthyluri- 
dine-3'-phosphate), it was prepared by the method of Zan-Kowalezewska et al. [6], based on the investiga- 
tions of polynueleotide synthesis undertaken in Khorana's laboratory [i]. Of the several methods suggested 
by these workers, it was decided to use the method of preparing ~-naphthyluridine-3'-phosphate in which 
dihydropyran is used to protect the 2'- and 5T-hydroxyl groups of the uridine residue and the resulting 
2',5'-di-O-tetrahydropyranyluridine is then condensed with a-naphthyl phosphate in dry pyridine in the 
presence of N,N'-dicyclohexylearbodi-imide, and the pyranyl groups are then removed. 

Method of Laboratory Synthesis of ~-Naphthyluridine-3'-phosphate. To 1 mmole (224 rag} uridine 
in 5 ml dimethyl sulfoxide, 1 ml trifluoroacetic acid and 6 mmoles (0.55 ml) 2,3-dihydropyran were added 
and the reaction mixture was kept for 18 h at 22~ Half of the solvent was evaporated under reduced pres- 
sure at 36-37~ After cooling of the mixture and addition of 5 ml concentrated ammonia, the evaporation 
was repeated in vacuo down to a volume of 2 ml. By analytical ascending chromatography on paper, using 
water- saturated N-butanol as the solvent, the presenee of 5'- O-tetrahydropyranyluridine (Rf 0.6 I), 2' ,5 '- 
di-O-tetrahydropyranyluridine (Rf 0.80), and 2',3',5'-tri-O-tetrahydropyranyluridine (Rf 0.96) was demon- 
strated. After the preparative chromatography has been completed, the 2' ,5'-di-O-tetrahydropyranyluri- 
dine was eluted with methanol and the alcoholic eluate was dried. 

Labora to ry  of the Etiology and Pathogenes is  of Leukemia,  Kiev R e s e a r c h  Institute of Exper imenta l  
and Clinical  Oneology. (P resen ted  by Academic ian  V. V. Parin.) T rans la t ed  f r o m  Byulleten '  t~ksperimental 'noi  
Biologi i Meditsiny,  Vol. 72, No. 9, pp. 90-93, September ,  1971. Original  a r t i c le  submit ted October  14, 1970. 

�9 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1066 



To 0.5 mmole  (206 mg) 2' , 5 ' - d i -O- t e t r ahydropyrany lu r id ine  dissolved in 5 ml  dry  pyridine 2.5 
m m o l e s  (600 mg) ~-naphthyl  phosphate and 5 m m o l e s  (1030 rag) N ,N ' -d icyc lohexocarbod i - imide  were  added, 
and the mix tu re  was kept for  24 h at  29~ After  the addition of 5 m m o l e s  (0.4 ml) pyridlne in 2.5 m l w a t e r  
the reac t ion  mix ture  was  dr ied in vacuo at 35~ After  addition of 1.5 ml  wa te r  and drying for  a second 
t ime  the res idue  was  sepa ra t ed  by f i l t ra t ion.  The f i l t ra te  was  neut ra l ized  with a hot sa tu ra ted  solution of 
ba r i um hydroxide,  and the mix ture  was  f i l t e red  and dr ied under  reduced  p r e s s u r e .  By ana ly t i ca l  c h r o m a -  
tography on paper  the p r e s ence  of two bands cor responding  to c r - n a p h t h y l - 2 ' - d i - O - t e t r a h y d r o p y r a n y l u r i -  
d ine -3 ' -phospha te  (Rf 0.56) and ~-naphthyl  phosphate (Rf 0.10) was  demons t ra ted .  The res idue  was  t r a n s -  
f e r r e d  to cold acetone,  f i l tered,  and allowed to stand at r oom t e m p e r a t u r e  for  24 h. A white prec ip i ta te  
was thrown down. The L-naphthyl  phosphate p re sen t  as  an impuri ty  was  then r emoved  by chromatography  
on paper .  The ~-naph thy l -2 '  , 5 ' - d i -O- t e t r ahyd ropy rany lu r i d ine -3 ' - phospha t e  was eluted with pur i f ied  meth-  
anol. The eluate was dried,  the res idue  was  dissolved in wate r ,  the solution was agi tated in the cold with 
Dowex-50 (H~), and the f i l t ra te  was  evapora ted  in vacuo and t r ea t ed  with 80~0 acet ic  acid solution at r o o m  
t e m p e r a t u r e  in o rde r  to r e m o v e  the pro tec t ive  t e t r ahydropyrany l  groups.  The solvent  was  r emoved  under 
reduced p r e s s u r e  and the product  was  dr ied f r o m  aqueous solution, r ed i s so lved  in 5 ml  wate r ,  neut ra l ized  
with 1 M NaOH, and again dr ied.  

The synthesized ~ -naph thy l -u r id ine -3 ' -phospha te  was  identified by chromatography  on pape r  (Rf 0.23) 
and by quali tat ive r eac t ions  which demons t r a t ed  the stabil i ty of the resul t ing subs t ra te  in the p r e sen ce  of 
deoxyr ibonuclease ,  phosphomonoes te rase ,  and phosphodies te rase  f r o m  snake venom.  Hydro lys i s  of the ~-  
naphthyl e s t e r  of u r id ine -3 ' -phospha te  by pancrea t i c  r ibonuclease  in the p r e sence  of the dye fas t  red  TP 
was  accompanied  by the development  of a r ed  color  with an absorpt ion  max imum at 550rim. 

For  the cy toehemieaI  de te rmina t ion  of alkaline r ibonuclease ,  f r e sh ly  p r e p a r e d  f i lms  w e r e  dr ied  in 
a i r  and fixed for  3 min  in the vapor  of 10% neutra l  formal in ,  and then t r ea t ed  with a mix ture  containing 
18 mg a -naph thy lu r id ine -3 ' -phospha te  (the sodium salt) and 24 mg fas t  r ed  TP in 5 ml  0.1 M t r i s -  HC1 
buffer  (pH 9.0). After  incubation for  2 h at r oom t e m p e r a t u r e ,  during which the medium was  twice r ep laced  
with f resh  to p revent  spontaneous breakdown of the subs t ra te ,  the f i lms  were  washed,  dr ied ,  and examined 
under  the m i c r o s c o p e .  

E X P E R I M E N T A L  R E S U L T S  

During the action of in t race l lu la r  r ibonuc lease  on a -naph thy lu r id ine -3 ' -phospha te  (1) the phosphodi-  
e s t e r  bond is rup tured  with the fo rmat ion  of u r i d i n e - 2 ' , 3 ' - e y c l i c  phosphate (I]) and with l ibera t ion of a -  
naphthol (III}. The a -naphthol  r e a c t s  with the fas t  r ed  TP  (5-ehloro-o- toluidine)  (IV) p resen t  in the incuba- 
tion mix tu re  in accordance  with the stand azo-eoupl ing  technique [2] to give an insoluble red  compound (V) 
detectable  in s t r uc tu r e s  pos se s s ing  r ibonuclease  act ivi ty.  
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The accu racy  of r ibonuclease  local izat ion is ensured  by the fact  that the r eac t ion  t akes  place in one 
stage,  that incubation is b r ie f ,  that the azo-coupl ing reac t ion  takes  place rapidly  (at pH 9.0), and that the 
resu l t ing  product  is only spar ingly soluble. 
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Fig. 1. Alkaline r ibonuclease  act ivi ty in bone m a r r o w  ce l l s  
of a heal thy r a t  (a) and in cel ls  of a sc i t e s  fluid of a r a t  with 
t ransp lan ted  Svee leukemia  (b}. Here  and in Figs.  2 and 3: 
Immers ion ,  630 • 

Fig. 2 Fig. 3 

Fig.  2. Phosphodies te rase  I act ivi ty in bone m a r r o w  ce l l s  
of a healthy ra t .  

Fig. 3. Nonspeeific alkaline phosphatase  act ivi ty in bone 
m a r r o w  cel l s  of a heal thy ra t .  

Control  t e s t s  w e r e  c a r r i e d  out with bone m a r r o w  f i lms in which the enzyme was inact ivated by hea t -  
ing to 90~ for  10 rain, and a lso  with f i lms  incubated in medium not containing the reac t ion  subs t ra te .  Un- 
der  these  c i r c u m s t a n c e s  the s t ruc tu ra l  components  of the ce l l s  r ema ined  unstained.  If the ~-naphthylur i -  
d ine-3 ' -phospha te  was  rep laced  by c~-naphthylthymidine-5 ' -phosphate and by the a-naphthylphosphate  used  
to synthesize the subs t ra te ,  the local izat ion of the end product  co r responded  to the distr ibution of phospho- 
d i e s t e r a se  I act ivi ty and nonspecif ic  alkaline phosphatase  act ivi ty in the ce l l s .  

The azo-coupl ing method with a -naph thy lu r id ine -3 ' -phospha te  as  the subs t ra te  can be used to de te r -  
mine the in t race l lu la r  local izat ion of r ibonuc leases  ruptur ing phosphodies ter  bonds between pyr imidine  and 
other  nucleotides reac t ing  by a s im i l a r  mechan i sm with pancrea t ic  r ibonuelease  [polyr ibonucleot ide-2 ' -  
oligonucleotide t r a n s f e r a s e  (cyclizing),  2.7.716]. Enzymes  of the T2-r ibonuclease  type were  not d iscovered ,  
for  the cy top lasm of the hematopoie t ic  ce l l s  gave only a weak, diffuse colora t ion in the reac t ion  with syn- 
thetic ~-naphthy l inos ine-3 ' -phospha te ,  a subs t ra te  for  both T r and T2-r ibonueleases  s imul taneously .  

Invest igat ion of f i lms  of bone m a r r o w  f r o m  heal thy r a t s  r evea led  alkaline r ibonuclease  act ivi ty as  
red  granules  in the cy top lasm of the myeloid  ce l l s  and also in the lymphoeytes ,  e ry th rob las t s ,  and n o r m o -  
b l a s t s  (Fig.  1). By cont ras t ,  phosphodies te rase  I act ivi ty was  detected only inthe ce l l s  of the myeloid  and 
e ry th ro id  s e r i e s ,  and nonspeeif ic  alkaline phosphatase  act ivi ty was  detected only in the leukopoietic cel ls  
s ta r t ing  f r o m  the myelocyte  stage (Figs .  2 and 3). 
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In the reticulum cells and the ancestral hematopoietic cells (hemocytoblasts, myeloblasts) the reac-  
tion for alkaline ribonuclease was weak. Its intensity was sharply increased in the myelocytes. The great-  
est  increase in the number of granules and in the intensity of their staining was observed in the leukocytes: 
stab cells, polymorphs, and eosinophils. 

The reaction for alkaline ribonuclease was considerably reduced in intensity in the cells from the 
ascites fluid of rats  with a transplanted Svec leukemia (having undergone 268 passages in the wri ters '  
laboratory over a period of 7.5 years) ,  most of which were reticulum cells and undifferentiated cells of 
the hemocytoblast and proerythroblast  types. 
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