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SUMMARY 

I. By modifying HOFF-JORGENSE~'S microbiological assay method for deoxy- 
nucleosides, viz. by digesting samples to be assayed with a snake venom enzyme, it 
was possible to detect a new group of deoxynucleosidic compounds. This group of 
deoxynucleosidic compounds, differing from either simple deoxynucleosides or deoxy- 
nucleotides, were tentatively designated as "masked" deoxynucleosidic compounds. 

2. "Masked" deoxynucleosidic compounds were detected in various tissues such 
as sea urchin eggs and embryos and mammalian tissues including tumors. 

3. The relative amounts of "masked" deoxynucleosidic compounds compared 
with DNA or simple deoxynucleosidic compounds in eggs and early embryos were 
markedly higher than those in adult tissues. In this connection, the biological signifi- 
cance of "masked" deoxynucleosidic compounds was discussed. 

Abbreviat ions:  DNA, deoxyribonucleic acid; PCA, perchloric acid. 
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INTRODUCTION 

It is generally assumed that DNA carries the genetic information oil the ~ivii~g 
systems, and the physical and chemical ;oroperties as well as the bio]ogic;J role of this 
macromolecule have been studied extensively. However, relakh, Jy ]Jt.!:]e is krJow;~ 
about the natural occurrence of acid-soluble deoxynucleosidic con~po~Jnds, w]geJT? 
may play some ro]e i~ the active metabolism of DNA and cell pro]ife;Tatio;~. 

To perform an experiment on the nature and role of ti~e'~e deo×y:~ue,;eosidie 
compounds, it seems desirable to select a biological system in which :apid nv~itipJk:a.- 
tion and active DNA metabolism take place, Further; an analytical n~e~-i~_od is required 
by which a minute amount of deoxvnucleosidie compounds can be spedfics!ly 
determined in the prese~_ce of a relatively large amom~t of ribonucheosidic con<pounds. 

In this study, unfertilized eggs and early embryos of sea urc)g~ (,<qer,ticen/,roh~s" 
fl~.lcherrim~s) were used as the main experimental material. "The mffer~_ilized eggs are 
thought to be in the particu]ar physiologicai condition preceding Li~e rapid (:eli 
division (cleavage) thai: ensues soon after fertilization>< On the other i~a~d, "embryos 
of early development,q/ s~ages are regmded as represents.tire oi the system in ,.vhic}~ 
rapid cell multiplication Js under way. 

As an analytica] method, we employed the microbiological :~ethod, originally 
devised by Ho]~;-Jo~c;,~z>:seNS, '~ for the analysis of deoxynndeos:ides a~<,d deoxy- 
nucleotides; it has been found very useful because of its high specificit7 and se;-~sitivity. 

During the progress of this investigation, an interesting fact came to our notice. 
If pretreatment by sn;Jke venom digestion were carried out prior ~,o 'J~e original 
microbiological assay, hitherto undescribed deoxynuc]eosidie compou>_ds weree found 
to be detectable in add-soluble extracts of eggs and embryos o~ s e a  U?TCh]i], t<;ad 
embryos, several animal tissues including tumors, and microorgani.~:m:~. 

In this paper, details of our moditied microbiological procedm;e and severai results 
obtained by applying this procedure to eggs and embryos of the sea urchin and tissues 
of the rat and mouse are described. 

A preliminary report has appeared elsewhere't 

MATERIALS AXD METHODS 

Eggs a~d embryos of ~h~: sea urckin. Samples of mature unferti]ized eggs of the sea 
urchin, Hemice~&o[us ;b¢#cheYr,;metG w e r e  prepared as follows. The spa.x~ni_ng was 
induced by introducing an isotonic KC1 solution into the body cavi ty  After filtratio.*~ 
through gauze, the eggs were exposed to HCl-sea water (pH 4.5-5-5) to ten-Jove the 
jelly coat, and washed several times with filtered sea water. The eggs were further 
washed with isotonic KC], frozen with dry ice. ethanol and lyophilized. Only eggs 
from the lots showing fertilization reaction upon insemination were used for {he 
experiment. 

To obtain embryos of a given developmental stage, the jel]y-.less eggs were in- 
seminated with sperm suspension prepared by diluting the "dry sperrn" ten thousand- 
fold with sea water, and cultured at room temperature after washinf.T several times 
with isotonic ECI and sea water to remove excess spermatozoa. Care was taken to 
avoid crowding of the eggs or embryos during culture. The embryos that reached the 
desired stage of development were co]lected by centrifugation, washed with isotonic 
KC], frozen and lyophUized. 

Jfioch'D~. Bio#kys..4el., 4o (196o) 'i~ 7--~P--! 
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The lyophilized samples of eggs and embryos were defatted with ethanol-ether 
(1:3) to facilitate the subsequent extraction with PCA. The defatting procedure did 
not remove any appreciable amount of deoxynucleosidic compounds. 

Rat tissues and tumors. Tissues of the rat and mouse were obtained from de- 
capitated animals as quickly as possible and immediately homogenized with cold 
o.2 N PCA or frozen with dry ice-ethanol. The frozen tissue could be stored at - - 2 o  ° 
for a few days. In the case of ascites tumors, the animals were killed by cervical 
fracture and the ascitic fluid was drained through an abdominal incision into tubes 
surrounded by ice. The cells were sedimented by centrifugation at I,OOO x g for 7 rain. 
The packed cells were extracted with cold o.2 N PCA. I N PCA was added to the 
supernatant fluid to give a final concentration of o.2 N. Tumors* used in this experi- 
ment were ascites hepatoma 7974 5 (rat), sarcoma I8O (mouse), and Ehrlich tumor 
(mouse). 

Thymidine and other chemicals were obtained commercially. 
DNA was prepared from bovine spleen by the detergent method G. The fibrous 

product containing 8. 5 % of phosphorus was contaminated by less than 2 % of RNA. 
Enzymic casein hydrolysate. This was prepared by digestion of casein (Nutritional 

Biochemicals) with papain. An amount of concentrated hydrolysate containing 
76 mg nitrogen (equivalent to 5o0 mg protein) was added to each IOO ml of the basal 
medium. 

Snake venom. Vacuum-dried powder of venom of Trimeresurus gavovidridus or 
Agistrodon blomho~ was used. Sometimes the recovery in microbioassay of DNA was 
found incomplete owing to the sample of venom used. Therefore such samples of 
venom as gave satisfactory recovery of DNA were selected for subsequent use. 

Microbioassay. Deoxynucleosidic compounds were assayed microbiologically with 
Lactobacillus acid@hilus R-26. The method was essentially the same as that described 
by HOrS-JoI~GEI~SEN ~,3 except for the following modifications: uracil (2 mg/ml) and 
pyridoxine (I0O ~g/ml) were added to purine-pyrimidine and vitamin solutions 
respectively, and the concentrations of DL-tryptophan, L-cysteine and thioglycolic 
acid were doubled. 

The overall procedure for the determination of deoxynucleosidic compounds, 
with or without snake venom digestion, is described in RESULTS AND DISCUSSION. 

Determination of DNA, DNA contents of eggs and embryos were determined 
microbiologically, and those in rat tissues chemically ~. 

RESULTS AND DISCUSSION 

Effect of snake venom digestion 

First, the acid-soluble extracts of eggs and embryos were analysed for their 
deoxynucleosidic compounds by the original method of HOFF-JORGENSEN. As long 
as the original procedure was used, deoxynucleosidic material was scarcely detectable 
in these extracts. 

By chance, it was found that digestion of the extracts with snake venom enzyme 
before microbioassay made the extracts highly active in supporting the growth of 
the test organism (Fig. i). 

* Tumor samples were kindly provided by Dr. 152. KAZI\VARA of Research Laboratories, Takeda 
Pharmaceutical Industries, Ltd. 

Biochim. Biophys. Aeta, 4o (196o) 417-424 
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There are three possible ways of interpreting this act ivat ing ctO%ct oi :he venom 
digestion. Firstly, the venom might activate a trace amounl  of D '£A p.R sex, i: i1~_ th(  
acid-soluble extracts. But  this was excluded by  the followi~g L~ets, ~dicati~,? !:P: 
absence of any detectable amount  of DNA i;~. the extracts:  p:~ncr, atie d~eox.zNbo- 
nuclease, which is known to activate DNA microbioiogical]y<% co~:~]d ~:~ot replace 
the venom in act ivat ing the extracts,  and the active principle o!: t~e <-dr:;cr~ v,a~ 
found to be completely dialyzabJe through cellophane membraJ~e, wi-,erea'~ DNA is 
n o n - d i a l y z a b l e .  

The second possibiiity, tha t  the venom digestion might  ren;o,, e an i;'?Igbitor, J5 
highly unlikely because the additio~n of the acid-soiuble extracts to ;: i:hymidh?e sol~>- 
tion did not inhibit the recovery of the latter in the microbioas~<av if  t1~ere .:,ere 
any inhibitor, the recovery of thymJdine shou]d be depressed. 

Thus we were led to accept the third possibility tha t  there (~>:i.,;ts a ;:,ew group 
of deoxyuucleosidic compounds which are, in fact, act ivated by v(:nom ',:r'.m tn~c~t and 
therefore not detectable by the nsua] microbiologiea] method. 

Theoretical activity of DNA 
c~lculated ~s deoxynucleoside 

-N4 ~ 

2 

.L iJO [ 5 i5 
D[gesNen time (hou!-s) 

Fig. z. Activation o~ acid soklb]e deoxy]]ucIeosidic compounds of sea. urch]c., e~,,gs (0 "O) and 
DNA ( × - -  X ) by  snake "<c~om digestion, Activity expressed as mffmo]e t!]ymidJ~]c/m] digest:Jo]~ 
mixture.  Co~ditions for digestion: snake venom, ~5o pg/mI ;  MgSO4, o,oz i:;~; potassiz~t?a maleate,  

o.o6 3:,*, p H  68 ;  i~eubated at 37 ~. 

We tentat ively designated this group of deoxynucleosidic compo;~nds a~-~ 
"masked"  deoxynucleosidic compoundsL I t  is evident tha t  the "ma~JCed" deoxy- 
nucleosidic compounds are neither simple deoxynueleosides, deox)m~.cleotidc, s, ~or 
products  obtained by degradation of DNA with deoxyribonuelease, beca~dse the latter 
compounds are all active toward L. acid@bib, s without  any p re t r ea tmen t  

A~aIytical p~'oced~re ~ilh @ecial r@~'c~ce I.o "maskeJ" dco%wz~.tdcosidic coJ~@or.1~zds 

Before a t tempt ing  to clarify the chemical nature and biological significance of 
"masked"  deoxynucleosidic compounds, it seemed laecessary to estab]ish a ,':outine 
analytical procedure. 

Tissues (dry defatted powder or fresh tissues weighing zo ~ ~oo mg oJ 5 o- 5o0 rag, 
respectively) were extracted three times or more with ~-4 ml portions of cold o.2 p7 
PCA, using a glass homogenizer. The combined ext lacts  were Iaeutralized with ~ ),' 
KOH,  kept overnight in a refrigerator and centrifuged to remove potassium pe> 
chlorate. The supernatant  was diluted or concentrated to a given volume (us~Jally 
J:o ml).  

An aliquot of less than .4..o ml uas  taken from this neutralized ex t r ac t  To Jt wa.~. 

]3ioc/i~m. f3io~]~3&£ /~cfo, ~o ] 96o} 4 T 7 4;%~ 
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added I.O ml of maleate-magnesium sulphate-venom solution of pH 6.8, containing 
o. 3 mmole potassium maleate, o.o5 mmole magnesium sulfate, and 2.o mg snake 
venom, and the mixture was diluted to 5.o ml with water and incubated for 3-16 h 
at 37 ° (under a layer of toluene or hexane). The digesting reaction was stopped by 
immersing a glass tube containing the reaction mixture in a boiling water bath  for 
5 minutes. The venom-treated acid-soluble fraction so obtained was referred to as ASt. 

Another aliquot from the neutralized PCA extracts was treated in the same way 
except that  snake venom was omitted from the reaction mixture and the resulting 
solution was referred to as ASu. 

The residue from the cold PCA extraction was washed twice with cold ethanol 
and once with ether, dried, incubated with 2-5 ml o.5 N KOH overnight at 37 °, 
neutralized with o.5 N maleic acid, and diluted to a given volume. The rest of the 
treatment of this acid-insoluble fraction was the same as that  of acid-soluble fraction, 
and two separate aliquots served for making two samples, AIt  and AIu, which were 
incubated with and without snake venom, respectively. 

The four samples, ASu, ASt, AIu, and AIt, thus obtained, were assayed for their 
deoxynucleosidic growth activity according to HOFF-JORGENSEN. Thymidine was 
used as an assay standard and all results were expressed as m~moles thymidine 
equivalent. 

As is evident from the above procedure, ASu represents the amount of simple 
deoxynucleosides and deoxynucleotides, and the difference, ASt minus ASu, repre- 
sents that  of "masked" deoxynncleosidic compounds. The difference, AIt  minus AIu, 
on the other hand, represents the amount of DNA. In our experience, AIu was always 
microbiologically inactive, so that  the analysis of AIu could usually be omitted. 

Amount of simple and "masked" deoxynucleosidic compounds i~ eggs and embryos of sea 
urchin and tissues of the rat and mouse 

Eggs and embryos of the sea urchin, the liver, kidney, spleen and tumors of the 
rat, and tumors of the mouse were analysed for their deoxynucleosidic compounds 
by our modified procedure. 

Analytical results in sea urchin eggs and embryos at various developmental stages 
are summarized in Table I and those in rat and mouse tissues in Tables I I  and n I .  

Several interesting points are seen from these tables. First, as already mentioned, 
in eggs and embryos almost all of the acid-soluble deoxynucleosidic compounds are 
in the "masked" form and scarcely any simple deoxynucleosides or deoxynucleotides 
are found. This is in sharp contrast with the situation in adult rat  tissues, where a 
relatively large portion of the acid-soluble deoxynucleosidic compounds consists of 
simple deoxynucleosides and/or deoxynucleotides. Secondly, the amount of "masked" 
deoxynueleosidic compounds remains almost constant during the early cleavage but 
shows a marked decrease during the later cleavage stage, when the rate of DNA 
synthesis and cell division gradually decreases. 

Finally, it will be seen that  the ratio of the acid-soluble "masked" deoxynucleo- 
sidic compounds to DNA is the highest in eggs before or immediately after fertilization 
and becomes lower with the progress of development, whereas the ratio is very low in 
the adult mammalian tissues. 

All these facts suggest that  the "masked" deoxynucleosidic compounds partici- 
pate actively in DNA synthesis or some other biosynthetic reactions taking place in 

t?iochim. Biophys. Acla, 4 ° (196o) 4 1 7 - 4 2 4  
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T A B L E  l 

DEOXVNUCLEOSH)]C COMPOUNDS CONTENT OI; SEX URCIJIN ]~GGS /Q,'I~ E)XIBF4~'O$ 

'<Mashed"* " Ma~kud""** 
Material ASu* A.51" deoxymxcieosidic Z)2G4 ÷ "~o~:3'~2~cleosid# 

~:ompoz~nds (A]2) co~n~ounds 
(ASI /J&O . . . .  ~;,~,7 .... 

U n f e r t i l i z e d  eggs  : 

No.  z 4 .0 75 7I ;4  5.; 
2 6.i  69 b3 ~o . 6  
3 8.3 ~ i s  ~o 4 4 d -2-3 
4 3 -° 87 g~- 35 e.3 
5 5.0 86 S~: ~< -> 
6 5.0 80 75 3o -25 

E m b r y o s  : 
s t a g e  I cell  ---** 78 78 ~2 6.5 

c e i l  - Jo6 io6  r6  6 6  
cell  - - *  + ~ 3 4  J3 ,4  i 7 7.9 

2 cel ls  ---  ~o4 1o,4 29 88 6 
a, cells. .... * * 103 ~o3 4 E :? =a 
88 cel ls  ..... * *  *'I7 "T7 ~ ~-~ 
8 c e l l s  - - *  * ~26 ~ 26  ~ oS :!:.2 

J6 cel ls  - - * *  I : 6  ; ~6 ~4 o 0.882 
e a r l y  b l a s t u l a  2.o 46 ~4 ; ,35  o o.033 
e a r l y  b l a s t u l a  : .o  35 34 s ,32o o.026 
h a t c h i n g  b las tu la .  ---- * * ; 88 ~ 88 ,, ,66o o.oz 

* E x p r e s s e d  as  m f f m o l e  l :hymJdine  e q u i v a l e n t / ~  oo m g  d r y  w e i g h t .  S ince  i~o ~?,pps-ec~able c h a n g e  
of  d r y  w e i g h t  p e r  egg  or  e m b r y o  is o b s e r v e d  duriaqg t h e  e a r l y  d e v e l o p m e > t J  s t a g e  s~udled,  t h e  
v a l u e s  c a l c u l a t e d  on t he  basJ s -o f  d r y  w e i g h t  a r e  r o u g h l  3 p r o p o r t i o n a l  to, t!e a m o ~ q t s  p e r  egg  
or  e m b r y o .  

** T r a c e .  
*** T he  ragio of v a l u e s  of c o l u m n  4 to t hos e  of c o ] m n ~  5- 

T A B L E  l I 

DEOXY.N'UCLEOSIDIC COMPOUNDS CONTENT OF RAT TISSUES 

"Masked" <'Masi, cd ' * * *  
d,:oxym*cleosidic Db.r J +, deck3 '!l~cleosid:~ 

Material A 5u * d St * compom~ds compounds 

(d .q/-A .5~) * .I)~CE 

L i v e r :  No.  ~ 42.7 92.3 4 9 6  8,7~0 o. oo57 
2 35.7 6z.4 26.7 8,500 "° °°3~ 
.3 25 .9  5 : . 7  25 .7  8.~;8o c,.oo..:~5 
4 26.6 90.0 64.]  7 , 8 o c  o . 0 0 8 2  

5 3 7 .88 688-4 3 ° . 6  8 , ° 7 °  0-0038 

Sp l een :  No.  i 93.~ s5 6 40.9 3 ? , s e e  o .oo~a 
2 96.7 ~43 46.3 39,50(} 0.0o*2 
3 6o.6 ] s4 53.4 3 S , ° ° °  °.  °-c' ** 4 
4 ~ oo I588 588.0 47 ,5co  o.oo~ ~ 
5 87.3 s I88 25.7 29 ,5oo o .o0o9 

K i d n e y  : No.  z 53.3 5.3.o o 12,.4or) o.o 
2 4.8.6 6 0 . 6  r 2 .o ~ 2,8o<) o , c o o 9  
3 26.7 40.0 T-3. 3 Z2,~ OO O.Oe} 9 
4 33.5 33.5 0 12,5o( o.o 
5 5~ .5 880.0 ?.8. '5 i 2,_r <)c c .oe -2 I  

* E x p r e s s e d  as m f f m o l e  t h y m l d i n e  equ iva l e J l t / s  g w e t  we igh t .  
** D e t e r m i n e d  c h e m i c a l l y  a n d  e x p r e s s e d  as m f t m o l e  p l : o s p h o r u s / ;  g > e t  v,-eig : t  

*** See t h e  f o o t n o t e  *** of T a b l e  [. 

id , ' :ock i~ .  B i o ! b D S , s . . q  c !a ,  4'~ {} 96oi'  'I ] 7 -4  rz,.", 
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T A B L E  I I I  

D I ~ O X Y N U C L E O S I D I C  C O M P O U N D S  C O N T E N T  OF T U M O R S  OF T I t E  R A T  A N D  M O U S E  
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Material 

"Masked" 
dSu  * ASt * deoxynudeosidic DNA *~ 

compounds 
(ASt-ASu) ~ 

"Masked"§ 
deoxynucleosidic 

compounds 

DNA 

R a t  - H e p a t o m a  7974 
Solid 

No. i 156 187 31 6,940 
2 lO6 15o 44 6,580 
3 15o 164 14 5,83o 

Asci tes  cells 
No. I 41 56 15 2,600 

2 53 62 9 - -  

Asci tes  fluid** 
No. i 255 376 121 o 

2 288 528 240 o 

0.0045 
0.0077 
o.oo24 

0.0058 

w 

Mouse - Sarcoma 18o 
No. I 15 71 52 4,2oo o.o124 

2 26 71 45 7,570 0.0o59 

Ehr l i ch  asci tes  
cel ls  6 6 o 2,6oo o 
fluid** 8 36 24 o - -  

* Expressed  as r e#mole  t h y m i d i n e  e q u i v a l e n t / i  g we t  we igh t  or ml  fluid. 
** De te rmined  chemica l l y  and  expressed  as m # m o l e  phosphorus& g we t  weight .  

*** S u p e r n a t a n t  fluid ob ta ined  by  r emov ing  the  cel ls  b y  cen t r i fuga t ion .  
§ See the  footnote  ~** of Table  I. 

early embryos during cleavage stage. In this connection, it may be worth noting 
that  during the cleavage stage no great change in the net amount of protein s or RNA 9 
was found, while DNA shows a remarkable increase. 

Data  in Table I I  indicate that  the presence of "masked" deoxynucleosidic 
compounds is not restricted to eggs and embryos but rather widely distributed in 
adult mammalian tissues including tumors, though their relative amounts compared 
with simple deoxynucleosidic compounds or DNA in the latter tissues are compara- 
tively small. 

Acid-soluble deoxynucleotides of "masked" form were also found in microorga- 
nisms and evidence has been presented indicating their active participation in DNA 
synthesis11,12, la. 

Recently, ROTHERHAM AND SCHNEIDER 1~ have reported the presence of 
"digestible" deoxynucleotides, which are essentially the salne as our "masked" 
deoxynucleosidic compounds, and have come to a conclusion similar to ours about 
their biological significance. 

"Masked" deoxynucleosidic compounds of sea urchin eggs were completely 
adsorbed on Dowex-I-formate resin from the neutral solution, this indicates that  
they are acidic and perhaps the derivatives of deoxynucleotides. Further studies on 
their chemical nature led us to the discovery of a new conjugated derivative of 
deoxycytidylic acid, deoxycytidine diphosphate choline 14. Details of these studies 

B i o c h i m .  B i o p h y s .  A c t a ,  4 ° (196o) 417-424 
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and the chemical characteristics of the "masked" deoxynucleosidic 
will be described in a subsequent papcr J". 

compounds 
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