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TURNOVER RATE STUDIES ON NUCLEIC ACIDS 

INTRODUCTION 

Since the discovery of nucleic acid from salmon sperm by Friedrich 

Miescher in 1872~ 1 nucleic acid has been found in all living cellso 

Today two types of nucleic acids are recognizedo These are differentiated 

by the sugar they contain~ ioeo desoxypentose or pentoseo Both of the 

nucleic acids contain the purine bases~ adenine and guanine~ and the 

pyrimidine base cytosineo Only desoxypentose nucleic acid (DNA) contains 
2 

the ~·imidine base~ thymineJand in some instances 5-methyl-cytosineo 

Pentose nucleic acid (PNA) alone contains the pyrimidine base~ uracilo 

Each purine or pyrimidine is present in nucleic acid as a phosphoriboside 

or nucleotideo The individual nucleotides are joined by phosphoester 

linkageso Until quite recently it was believed that the nucleic acid 

molecule was a tetranucleotide containing equi-molecular amounts of the 

four different bases as originally postulated by Leven eo 3 However, wide 

variations in the molar proportions of the different bases have been 

foUnd4 ' 5 ~ 6 ~ 7 ' 8 which vitiates the classical tetranucleotide hypothesiso 

The two nucleic acids differ in their physio-chemical propertieso 

In cold alkali PNA is hydrolyzed into its individual nucleotides, 9' 10 

while no such hydrolysis occurs as a result of the action of alkali on 

DNAo PNA is fairly stable in cold acid, but DNA readily loses its purine 

bases in this reagentoll,l2 The molecular weight of DNA has been found 

by Signer, Casperson, and Hammarsten13 to be between 500,000 - l,OOO,OOOo 
1 • 

The molecule of PNA has been found to be much smaller than that of DNAo 

It varies considerably according to the method of preparationo Cohen and 



14 . 
Stanley found an approX1mate particle weight of 3009 000 for the freshly 

isolated nucleic acid of tobacco mosaic viruso Fischer9 Bottiger and 

15 
Lehmann-Echternacht recorded a weight of 109 350 for the acid of yeast~ 

while Fle~cher~ Gullandj Jordan and Dibben16 found a range between 10j2go 

From early work performed on nucleic acids it was believed that DNA 

was found only in animal ceils, while PNA was unique to plant cellso 

Howeverj it is now known that both types of nucleic acids occur in all 

cells 9 whether plant, animal or bacterialo DNA has been found solely in 

the nucleus associated with the chromosomeso 17 Small amounts of PNA, are 

also found in the nucleus associated with the nucleoli1g and the hetero-

19 20 . 
chromatin of the chromosomeso » The eV1dence to date indicates that 

the nucleic acid in the cytoplasm is exclusively PNA and it is nearly all 

associated with particulate mattero 21
s
22 PNA varies in composition and 

.amount from tiss~e to tissueo It is found in highest concentrations in 

tissues where active protein synthesis is taking placeo 22 The composi~ 

tion of DNA is characteristic for a given species 9
23 and the amount per 

diploid=nucleus is strikingly constant for all tissues within a 

specieso 23j 2492 5~ 26 Both nucleic acids are found as conjugated nucleo-

• 
proteins in the cello DNA is associated with basic proteins protamines 

and hl..stones27»2g and an ·d· t · 11 d h · b St d ac1 1.c pro e1n ca e c romosoml.n y e man 

and Stedman9
29 which has also been found my Mirsky and Pollistero 27 

DNA synthesis is believed to be intrinsically related to cell 

divisiono Studies determining the turnover rate ?f DNA in different 

animal tissues with the use of radioactive phosphorus30 indicate that 

the values obtained for the different tissues correlate well with the 
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known mitotic indices of these tissueso 

The role of PNA in protein synthesis has been discussed by several 

authorso Casperson and his colleagues were the first to suggest this 

relationshipo According to Casperson31 the histone and PNA, which are 

formed in the nucleolus, diffuse out from the nucleolus towards the 

nuclear membrane on the outside of which PNA and cytoplasmic proteins 

are formedo He has found there is a correlation between cytoplasmic 

PNA, the rate of protein synthesis, and the presence of a large nucleoluso 

Further elaborating on the relationship of cell structure to the function 

32 of PNA, Brachet proposes that the cytoplasmic pentose nucleoprotein 

granules are organelles for the synthesis of proteino This theory is 

based on the observation that these granules consistently contain dipep-

tidases and cathepsins which synthesize peptide linkages under favorable 

conditionso Additional evidence is offered by_ the finding that these 

granules always contain some of the specific proteins synthesized by 

the cells and that there is a progressing complexity of these parti-

cles as they become largero 

A possible mechanism by which PNA may contribute to protein 

synthesis has been presented by Spiegelman and Kameno33 They suggest 

that nucleoproteins are "specific energy donors which make possible 

reactions leading to protein and enzyme synthesiso 11 They have demon­

strated with the use of p32 that yeast cells grown anaerobically in 

the presence of glucose, ioeo, where no active protein synthesis is 

taking place, do not exhibit a change in the concentration of radio­

active phosphorus in the yeast nucleoproteino When ammonium salts are 

added in order to evoke synthesis of new proteins, p32 flows out of the 



nucleoprotein fractiono They also observed that agents such as sodium 

azide and dinitrophenol» in concentrations which prevent enzyme formation 

and protein synthesis without inhibiting fermentation, also stop the flow 

of phosphate from the nucleoproteino These results have led Spiegelman34 

to suggest that nucleic acids might act as phosphate donors and "funnel 

energy into the protein synthesizing mechanismo" 

The application of radioactive isotopes in the study of biosynthesis 

of nucleic acid has made possible the ell).cidation of hitherto inaccessible 

problemso' The isotope most widely used in these studies has been radio­

active phosphorus ( p32) o Hevesy30 has studied the incorporation of p32 

into DNA of small intestine~ lymphoid tissue~ spleen~ Jensen sarcoma, 

testes,~~ muscles.s> livers kidney and brain.s> and the incorporation of P32 

into PNA of intestine» liver and spleeno Since c14 labeled compounds 

have been made available in the last few years.s> many investigators have 

used various c14 labeled compounds in the study of nucleic acid turn-

over rateso The carbon compounds employed are incorporated into the 

purines and pyrimidines and probably into the sugar moietyo Other com-

pounds which have been employed in the metabolic studies of nucleic 

acid are glycine and adenine labeled with heavy nitrogen (Nl5)o Re~ 

sults obtained with these different labeling agents vary considerably 

not only for the different precursors employedj) but also from author 

to author utilizing the same precursoro 

The above labeling agents have been applied to nucleic acid 

studies not only in normal animals,~~ but also in those with several 

pathological conditionso An example of the latter is the study of Kelly 

and Jones 35 on the effect of tumor transplants on the nucleic acid 

il 
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turnover rate in other tissues such as the liver, spleen and intestine. 

They observed~ using P32j that the DNA turnover rates in livers and 

spleens of mice bearing transplants of mammary carcinoma were signifi-

cantly higher than in the same tissue of normal micej while there was 

36 no change in the intestinal DNAo In a later paper by Kelly et. al. 

the same effect was observed in pregnant mice and in rats bearing 

37 transplants of lymphosarcoma. Reddy and Cerecedo have reported an 

increased content of both DNA and PNA in the livers of mice bearing 

Crocker=sarcoma 180 transplants. 

The purpose of the present study was to determine the nucleic acid 

turnover rates with the following labeling agents, formate-c14, glycine-

2=C14, adenine-4»~c14 and inorganic phosphorus (p32) under normal and 

pathological conditions. These labeling agents were chosen because 

they are incorporated into different parts of the nucleic acid molecule. 

Formate and glycine are small-molecule precursors of the purines and of 

the pyrimidinej thymine. Formate contributes mostly to carbon 2 and 8 

of the purine38 and to the methyl group of thymine39. Glycine-2-c14 is 

incorporated to a large extent into carbon atom 5 of the purine4°, the 

remainder is incorporated into carbon atom 2 and 8 via formate41, and 

into the methyl group of thymine42• Adenine is incorporated into the 

polynucleotides as such and is also partially transformed into poly­

nucleotide guanine43. The purine skeleton is retained during the trans-

formation of adenine into guanine. Isotopic phosphorus is incorporated 

into each ~f the nucleotides. Thus it was hoped that a comparison of the 

incorporation of each of the precursors into each of the nucleic acids 

would lead to a better understanding of the biosynthesis of nucleic acids. 
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The purpose of Experiment I was to study the turnover rates of DNA~ 

cytoplasmic PNA (cPNA) and nuclear PNA (nPNA) employing the above four 

labeling agents urider identical experimental conditionso By comparing 

the liver PNAgDNA9 nPNAgcPNA~ spleen DNAgliver DNA 9 and intestine DNAg 

liver DNA ratios it was hoped to determine whether the nucleic acid 

molecule is synthesized in toto or whether parts of the molecule turn= 

over independentlyo 

The purpose of Experiment II was to determine whether the increase 

in turnover rate observed with isotopic phosphorus in liver DNA of 

mice bearing transplants of mammary carcinoma9 as observed by Kelly and 

Jones~ could also be observed i~ the liver nPNA~ and/or the cPNAo 

Measurements of the turnover of these fractions in mice bearing tumor 

transplants other than mammary carcinomas were also measured in order 

to obtain additional data for comparative purposeso By studying the 

PNA turnover rates 5J it could also be determined whether the effect of 

the tumor tissue was a direct effect on the DNA turnovers or only brought 

about indirectly through an increase in the PNA turnovero 

Experiment III is in elaboration of Experiment II9 its purpose was 

to determine if the change in turnover of nucleic acid phosphorus was due 

to an over=all change in phosphorus metabolism or if it was a true in= 

dication of an increase in DNA turnover in these tissueso For this 

purpose carbon labeled formate and glycine were employed to study the 

nucleic acid turnover rate in the liverj spleen~ and intestine of 

mice bearing tumor transplantso 

.. 

i 
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EXPERIMENTAL METHOD 

! strain mice were used in all the experiments. The procedure used 

for the nucleic acid isolations was an adaptation of several publisHed 

methods. 
44 

The method of Barnum et. al. was followed for the separation of 

the nuclei from the cytoplasm and the subsequent purification of the 

nuclei and separation of nuclear pentose-nucleoprotein (PNA-protein) 

from desoxypentose-nucleoprotein (DNA-protein). 

The livers were put in an iced beaker, forced through a tissue 

press with holes about l mm in diameter, and homogenized 2-3 minutes in 

4 volumes of ice-cold saline (0.85 percent NaCl containing 2 ml 0.1 N 

NaOH/liter)o Homogenization was carried out in a Potter-Elvehjem tube. 

The homogenate was centrifuged 4 min at 1400 x g in an International 

centrifuge operated in a cold roomo The resultant supernatant fluid 

was siphoned off and stored in the refrigerator until the following day 

for the isolation of the cytoplasmic PNA (Flow diagram I-A)o The nuclear 

sediment (Flow diagram I-B) was suspended in 2 percent cold citric acid 

and centrifuged for 10 minutes in a clinical centrifuge at 500 x go The 

sediment was resuspended and centrifuged 14 times at the same speed 

after which the supernatant was perfectly clear. The centrifugations 

were carried out as follows: once for 10 min., twice for 5 min., five 

times for 3 min., and six times for l min. The isolated nuclei were 

then washed twice with saline to remove citric acid and then were ex-

tracted in 95 percent methyl ~lcohol, followed by three extractions with 

boiling alcohol· ether (3~1), and a final alcohol extraction. The lipid-

free nuclei (Flow diagram I-B-e) were then suspended in an ice-cold 
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buffer at pH 10 prepared by mixing equal volumes of Ool M Na2co3 and 

Ool M NaHC03o The suspensions were kept in an ice=water bath for 30 

minutes and then centrifuged in a clinical centrifuge for 3 minuteso 

The sediments containing the DNA pr:otein were washed twice with the 

cold buffer solutiono The supernatant and v1ashes containing the PNA 

protein were combined and made 5 percent to trichloroacetic acid (TCA) 

and centrifuged in an International centrifugeo-

The precipitate which represents the nuclear PNA-protein (Flow 

diagram I=B=l) and residual DNA=protein was washed once in 5 percent 

TCAo· In order to obtain the nucleic acid.in a reprecipitable form the 

method from this point on differs from the method of Barnum eto alo 

To remove the residual DNA-protein from the PNA-protein the nucleo= 

protein precipitate was suspended in Ool4 M NaCl and brought to a 

neutral pHo The DNA=protein· was insoluble in this concentration of 

NaCl and could be removed by centrifugationo The supernatant contained 

the PNA=protein and was precipitated out by bringing the solution to 

pH '""5 with glacial acetic acid and centrifugationo The PNA=protein was 

then suspended in ice=cold 5 percent NaOH and kept at 0° ! 2° for 

2 hourso45 This splits the protein from the nucleic acido The protein 

was precipitated out by adding glacial acetic acid until the solution 

was just acid to litmus (pH was'V6o5)o The solution was centrifuged 

and the supernatant filtered through tissue papero The PNA remained in 

the supernatant and was precipitated by bringing the solution to pH 2 by 

the addition of HCl and then adding an equal volume of 95 percent methyl 

alcohol and centrifugingo This precipitate was dissolved in Oo05 M NaHC0
3

o 

Several reprecipitations could be carried out at this point until the 
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nucleic acid maintained a constant specific activity. It was found in 

the case of p32 labeled nucleic acid th?t the specific activity did not 

change significantly after reprecipitation. However, it was found nee-

essary in the case of the carbon labeled PNA to reprecipitate the nucleic 

acid five times further in order to attain a constant specific activity. 

The DNA (Flow diagram I=B=2) was obtained from the gelatinous sedi-

ment that remained after the pH extraction by following a modified Klein 
35 

and Beck method. The sediment was suspended in 10 ml of 5 percent NaCl 

solution and boiled in a water bath for a few minutes, 0.25 ml glacial 

acetic acid was added» and then the mixture made basic with 0.5 g sodium 

hydroxide and 0.1 g sodium acetate. The basic mixture was boiled for 

about one hour. One ml of glacial acetic acid and 0.7 ml of 5 percent 

dialyzed ferric hydroxide solution were then added. After standing a 

short time, another milliliter of acetic acid was added and the solution 

was centrifuged. The supernatant was treated with an equal volume of 

methyl alcohol 9 and the precipitate (nucleic acid) was centrifuged off. 

In order to attain a constant specific activity, the DNA was dis-

solved in 5 ml of 0.1 N NaOH and reprecipitated five times with HCl and 

methyl alcohol. In the case of the p32 labeled nucleic acid, 0.2 ml of 

saturated solution of disodium phosphate was added 9 the first time the 

DNA was dissolved in 0.1 NaOH. The final c14 labeled nucleic acid was 

dissolved in 0.05 M NaHco3 instead of 0.1 N NaOH for the determination 

of specific activity. 

The cytoplasmic PNA (Flow diagram I-A) was precipitated from the 

cytoplasmic extract which had been obtained earlier. The extract was 

made 5 percent to TCA, centrifuged, and the supernatant containing the 
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aCid soluble phosphorus was decantedo The sediment was washed once with 

5 percent TCA and then ·suspended in cold 5 percent NaOHo The procedure • 

from here on was the same as for the nuclear PNAo 

As is shown in Table I~ using either the orcinol or the diphenyl-

amine reagent 9 the density of the color developed per microgram of phos-

phorus in the nucleic acids isolated by the above method agreed well 

with the commercial preparationso The diphenylamine reagent and the 

orcinol reagent were prepared according to the directions given by Barnum 

44 eto alo The density was determined with a Beckman DU spectrophotometero 

There was essentially no contamination of cytoplasmic PNA or nuclear PNA 

with DNA as determined by the Feulgen reaction and by the diphenylamine 

reagerito 

The specific activity of the purified nucleic acid was detennined in 

the follo~ng mannero One aliquot of the sodium nucleate solution was 

used for the·determination of the phosphate concentration by the method 

of Fiske and Subbarowo A second aliquot was used for countingo The 

specific activity of the nucleic acid is expressed ·as counts per minute 

per mg of nucleic acid phosphorus divided qy counts per minute injected 

corrected to a mouse of standard weight$ 25 gmo .. 

.. 



2 -

.\ 

Flow Diagram of Nucleic Acid Isolation 

I Liver Homogenate 

" 

A - · S_upe.rnate Cytoplasm 
tl - centrifugeJ _ _ -----------------

B - Sediment · 

Supernate 
cPNA-

a - ppt. protein with TCA 
o- NaOH hydrolysis of.cPNA prof.ein 
c - separation of protein from cPNA 

by ppt. protein with glacial 
acetic acid 

1 - Sediment 
Protein 

_Nuclei 
a -
b -
c 
d -
e -

citric acid washes 
alcohol extraction 
alcohol-ether extraction 
repeat alcohol extraction 
nPNA-protein extraction in 
bicarbonate buffer 

a - ppt. of cPN~ 
with HGL -and 
inethyl alcohol 
purification of 
cPNA 

b 

2 - _g_is card 1---._,----_--t------------------2--~·s---d·- t 
- Juperna e - e ~men 

nPNA-protein plus DNA-protein 
DNA-protein contamination a - extraction of DNA 
a - protein precipitation in NaCl,NaAc,NaOH 

with TCA mixture 
elimination of DNA b - ppt. of protein with 
protein contamination glacial acetic acid and 
in 0.14 M NaCl at f~rric hydroxide 
neutral ph 

-,------------· -------
3 -\~,Supernate 

7 _;s; Supernate 
riPNA--

riPNA protein 
a - ppt~ protein with 

glacial-acetic acid 
b - NaOH hydrolysis of 

nPNA-protein 
c- separation orprotein 

from cPNA by ppt. protein 
with glacial acetic acid 

S -"'Sediment 
Protein 

4 -"'Sediment 
DNA 
a - discard 

a - ppt. of- nPNA With HCl 
and methyl alcohol. 

a - discard 

b - purification of nPNA 

--.Jf 
5 - Sediment 

Protein 
a - discard 

6 - Supernate 
DNA 
a - ppt. of 

DNA with HCl 
and methyl 
alcohol 
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TABLE I 

Tests for the purity of DNA and PNA 

Cyto- Nuclear Commer- Comrner~ 

plasmic PNA cial0 cial0 

PNA PNA DNA DNA 

reaction) a 
OoOlS± Oo0194~ 

E (diphenylamine OoOO?l boOb6 --

E (orcinol reaction)b Ool2J,! Ooll3~ Oolll:!:: 

OoOlS Oo013 OoOll 

N~P lo6S loSO loSS lo90 loS4* 

Feulgen test 
., __ 

~-- --- + + 

a Optical density at 600 m~ wavelength~ calculated per ~g p in sampleo 

b Optical density at 660 m!J. wavelength~ calculated per ~g P in sampleo 

o This material was obtained from the Nutrional Biochemical Corporation, 
Cleveland 51 Ohioo 

* The Nutriohal Biochemical Corporation1 s NgP ratio is given at lo7lo 



EXPERIMENI' I 

Introduction 

In recent years numerous studies have been made on the relative 

turnover rates of desoxypentose nucleic acid (DNA) and pentose nucleic 

acids (PNA) employing as labeling precursors such different tracers as 

sodium phosphate labeled with p32 ~ formate labeled with c14 and glycine 

and adenine labeled either with c14 or N15. Considerable controversy 

has developed as to which one of these tracer compounds gives an accurate 

measurement of the 11 relative turnover-rate" of the nucleic acids. 

In order to determine the 11 absolute turnover-rate11 (Le. the percent 

of nucleic acid that is renewed within a given time) of the nucleic 

.acids it is necessary to know the specific activity of the immediate 

precursor of the nucleic acids., Since even the identity of the immediate 

precursor is not known at present it is necessary to find another way 

to compare the rate of incorporation of such labels as inorganic phos­

phorus (p32) ~ formate=Cl4 3 glycine=2=cl4 and adenine-4_,6-c14 into the 

nucleic acids. Judging from the varied metabolic paths of these labeling 

agents~ the percent of the injected dose eventually maqe available for 

the synthesis of nucleic acid is probably not the same for any b.ro 

labeling agents. Assuming that the labeling agent within any one tissue 

is equally available to both PNA and DNA~ it is reasonable to compare the 

specific activity of PNA with that of DNA when any one precursor is used., 

If this specific activity ratio is constant irrespective of the precursor 

used then, the molecules of PNA and DNA are renewed in toto or at least 

the labeled part of the molecule is renewed at an equal relative rate 

in PNA and DNA., 
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The findings for the PNA~DNA ratios in rat livers are tabulated 

in Table IIo The inconsistency of the data presented in Table II may 

possibly be due to the lack of duplication of the experimental pro-

cedure of one author by the procedure of anothero The time interval 

elapsing between the administration of the labeling agent and the 

sacrifice of the animal~ varies among the different experimentso 

Since the incorporation of the active precursors into the three nucleic 

acids = cytoplasmic PNA (cPNA)~ nuclear PNA (nPNA) and DNA= does not 

proceed at the same rate~ the ratios of the specific activities of 

these nucleic acids at various time intervals are not the sameo Other 

variable factors which must be considered are the mode of administra-

tion and the quantity of the labeling agent, and the degree of utili= 

zation 'of the labeling agent by the different nucleic acidso With 

respect to the last mentioned factor» it has been suggested by 

Reichard46 that adenine cannot be utilized in the synthesis of the 

purines of DNAo 

Hoping to clarify the inconsistency of the findings of the various. 

investigators, it is attempted in this experiment to compare the nucleic 

acid specific activity using sodium phosphate (p32) ~ formate-c14, 

glycine=2-c14~ adenine=4~6-cl4 as precursors under identical experi-

mental conditionso 

Experimental Work 

Male A strain mice weighing between 20-25 gm were used for all 

the experimentso The mice were fasted 24 hours prior to the experi-

rnento They were injected intraperitoneally with 20 ~c of the labeled 



precursor unless otherwise indicated about 9 AM and sacrificed with 

ether precisely 4 hours later~ except in the one 24 hour experiment 

presented in Tables III and IVo Each precursor was in isotonic saline, 

and Ool cc was injectedo The specific activities of the precursors 

are given in the tables. The livers, intestines,and spleens were re­

moved and the isolation of nucleic acid begun as soon as possibleo 

Twelve livers (except where otherwise indicated), two intestine~ and 

four spleens were pooledo 

All of the precursors injected were in isotonic salineo The pro~ 

cedure used for the 24-hour experiment differed in some details from 

the other experimentso The mice were fasted only during the duration 

of the experiment a Since adenine is known to have toxic properties, 

it seemed advisable to administer an equal amount of inactive adenine 

to some of the control miceo 

Results and Discussion 

In the 24=hour experiment the incorporation of adenine~4,6-Cl4 

formate-cl4 and p32 are comparedo The results are tabulated in Tables 

III and IVo Concerning the cPNA~DNA ratio the results obtained are 

similar to the 4-.hour experimentso The cPNA:DNA ratio of the formate 

labeled nucleic acid is much lower than the ratio for either the 

adenine or the phosphorus labeled nucleic acidso The cPNA:DNA ratio 

obtained with adenine is the same as with p32 within experimental 

erroro It is interesting to note (Table III) that the availability 

of exogenous adenine partially inhibits the incorporation of formate 

into the purines of both DNA and PNAo This same effect has been noted 
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by Goldthwait and Bendicho47 The decrease in the specific activity of 

the phosphorus labeled DNA and cPNA observed with the simultaneous in­

jection of inactive adenine is not significanto 

The specific activities obtained with the four.precursors in the 

four-hour experiments are shown in Taqles V, VI, VII, and VIIIo As 

is seen in Table IX the specific activity ratios of cPNA to DNA using 

formate and glycine as precursors are considerably lower than the same 

ratio for p32o However, the specific activity ratio for nPNA and cPNA 

using formate is comparable to that using phosphoruso This lower ratio 

of PNA:DNA utilizing glycine and formate as precursors as compared to 

inorga~ic phosphorus possibly indicates an incorporation of phosphorus 

independent of total nucleotide renewalo However, the findings of 

several authors may give an explanation as to why there could be a lower 

ratio of PNA~DNA with glycine and formate as compared to phosphorus, 

and yet no "independent exchange" of the phosphorus moiety without the 

purines of the C=N skeleton being affectedo Elwyn and Sprinson42 and 

Totters Volkinj and Carter39 showed that both glycine and formate are 

incorporated into the pyrimidinej thymine, but not into the pyrimidinesj 

uracil or cytosineo This would mean that there are two bases labeled 

in PNA while in DNA three bases are labeledo An additional explanation 

is suggested in the fact that LBw43 found that the c14 of glycine-l-Cl4 

is incorporated into the pentoses of PNAo The c14 of formate and glycine-

2-C14 may be incorporated into the pentoses of the nucleic acids, but 

as yet this has not been demonstratedo However, in support of this 

possibility is the fact that it was found that the "formate nPNA: cPNA" 

is not significantly different from the same ratio using p32
o If either 



the amount of radioactive. carbon or the rate at which it is incorporated 

is greater in the desoxypentose than in the pentose sugar the ratio of 

PNA:DNA would be lower in the case of the nucleic acid labeled with 

formate and glycine than with p32o 

In another attempt to compare the different precursors the specific 

activity ratios of spleen DNA:liver DN£ and intestine DNA:liver DNA 

obtained with different precursors were measured. As the data in Tables 

IX and X shows the intestine DNA: liver DNA ratio does not differ sig-

nificantly in the case of adenine, formate, and phosphorus, while the 

glycine ratio is lower. The spleen DNA~liver DNA ratio is the same 

within experimental error only for formate and adenineo 

Employing adenine cl4~ which is incorporated into nucleic acids 

both as adenine and as ~uanine43» and comparing the liver·cPNA:DNA 

ratio with that of the p32 ratio it is seen in Tables IX and X that 

they are the same· within experimental erroro This equality does not 

agree with results obtained by Furst, Roll and Brown4a employing 

adenine as the labeling agento Furst et. al. find a ratio of total 

liver PNA:DNA of 73:1. Brown49 attributes this 11 either to the fact 

that adenine does not serve as a precursor of the DNA purines, or to 

the fact that the DNA purines are not in a rapid dynamic equilibriumo" 

In a later paper Furst and Brown50 compare the incorporation of N15 

labeled glycine and cl4 labeled adenine into liver nucleic acids by 

simultaneous administration of the two labeling agents. They find a 

total liver PNA:DNA ratio of 50-60:1 with the use of adenine and 2o5-

3:1 with the use of glycine. They interpret these results to mean 

that there exist two mechanisms of DNA synthesis. Reichard46 believes 
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that the "difference in the turnover ratio DNA to PNA between adenine 

and phosphorus might indicate that some portion of the phosphate moieties 

of a nucleic acid may be exchanged without the ·purines of C-N skeleton 

being affectedo On the other hand Abrams and Goldinger51 employing 

adenine~8-c14 and guanine-8-c14 in a study on the purine renewal rates 

in bone marrow p~eparations find the same renewal rates as Stevens in 

an identical experiment employing p32 as inorganic phosphatee Abrams 

and Goldinger suggest that "there can be no independent turnover of 

purines from an intact polynucleotide structure, but rather that entire 

nucleotides must be incorporated as unitso 11 The data presented in this 

experiment with adenine and phosphorus is in agreement with Abram's and 

Goldinger1 s suggestiono The close agreement between adenine-C14 and p32 

labeled nucleic acids both in the 4-hour and the 24-hour experiment is 

an indication tha. t the nucleic acid molecule is synthe.sized in toto, 

and that the turnover rates obtained with the use of p32 are a true in-

dication of the rate of synthesis of nucleic acidso 
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TABLE II 

Ratios of Specific Activities of PNA:DNA in Rat Liver Utilizing Various Precursors 
~-

: 

Precursor Mode of Administration Time after-administra- Ratio of specific Author 
tion of precursor activity of PNA:DNA 

··- -· ---~--~~-·~-·-r---~ .... ~~.,..._~:x:..-....:o 

Na HP32o Subcutaneous injection 2 hours 33 Hamrnarst eri and Hevesy5h 
2 4 - ~--

Na HP32o 
2 4 iopo injection 24 hours 4Qr.- Barnum and Huseby55 

Na2HP32o4 
._ 

Huseby55 iopo injection 24 hours 100° Barnum and 

Na2HP32o
4 

~ 

Cohn 56 parenterally 3 days 5 Brues, Tracy, 
- - ~ -

I _Glycine-2-cl4 fed by stomach tube 24 hours 1.2 LePage and Heidelberger40 
-- ~ 

Glycine-2~c14 fed by stomach tube lS hours 2.2t- Heidelberger and LePage41 
I 

~ 
D 

I Glycine. N15 SoQo 6 hours 

I 
4ol Bergstrand, Eliason, 

Hamrnarsten,. Nober7, 

I 
I 

Reichard, Ubisch5 
-·-

Glycine Nl5 fed 5 days 2o5-3 Furst and Brown50 
-

I 
Adenine S-c14 fed 5 days l 50-60 Furst and Brown 50 

- ! 
Adenine 1,3 Nl5 fed 5 days i 73-100 Furst, Roll, lS 

I Brown"' 
' 

* Mouse liver., 

+ Calculations taken from their data of the specific activity of the PNA and DNA purines •. 

o Nuclear PNA:DNA ratioo 
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24 hour Experiment 

TABLE III 

Specific Activity x 104 of cPNA and DNA 
Utili~ing Adenine 4>6-cl4, Formate-cl4, and Na2HP32o4 

as Precursors 

Precursor cPNA DNA cPNA:DNA 

i . 14+ Adenine-4,6-C 127±4o 7 5ol3:!:0o8 24o8:!:4o0 

Formate-c14 9o3±lo 7 lof32:!:0.22 5oll:!:lol 

Formate-cl4 + Adenine* lo96±0.017 0.93±.0.075 2.1±0.16 

Na2HP32o~ 44·4!1.7 2.72:!:0.54 l6o3:!:3ol 

Na2HP32o4 + Adenine!(· 38.6:!:0.62 lo86:!:0o26 20o8:!:2.95 

* inactive adenipe injected = 0. 95 mg· 

+ Specific activity = 4.2 uc/mg- injected 0.95 mg (N4 uc)/mouse. 

TABLE IV 

Comparisons of Specific Activity Ratios 

cPNA:DNA Probability1 

Adenine-4,6-c14 vs. Na2HP32o4 o.1a 

Adenine=~,6-Cl4 vs. 
Na2HP3 o4 + Inactive Adenine 0.46 

Formate-cl4 vs. Na2HP32o
4 

0.034 

Formate-c14 vs. Formate-cl4 
+ Inactive Adenine 0.05 

Formate cl4 vs. Na2HP32o4 
il + Adenine 0.01 

__ =no significant difference. 

1 ~ probability found from the distribution of t 53 

t = M1· ... M2 where M = mean OM ~ standard 
~cg1)2 + (~2 )2 error of mean 
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TABLE V 

Specific Activity x 104 of Nucl;ic Acid~ labeled 
with Formate cl4 

Tissue DNA cPNA nPNA 

Liver 3olO:!:Oo36 7o70!0o52 29o4±3o7 

2o90!0o52 4o60!0ol7 

2o20!0o6 9o 5f3:!:0o 72 25ol:!:3o7 

2o74±0o24 7o 99!0o45 27o6±2o4 

· Intestine 50o6±2o7 

70o4±6ol 

69o0:!:3o5 

60±2o6 
! 

. Spleen 63o4:!:3of3 

69ol!:lof3 

l 55o6±lo9 

6lol:!:3ol 

Nooof 
mice 

4f3 

12+ 

36 

4f3 

12 

36 

4f3 

12 

36 

+ 2 livers pooled for DNA and cPNA determinations. 

* Specific activity of formate-c14 = l9ol2 uc/mgm. 
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TABLE VI 

Specific Activity x 104 of Nucleic Acids labeled 
with Na2HP32o4 . 

Tissue DNA cPNA nPNA No.of 
mice 

Liver 0.92!0.24 19 .. 25!0.3 105.5±4.2 24 

I 1.10±0.12 12.8±2.1 12+ 

1.82:!:0.26 24.9±1.8 16+ 

i 1.17:!:0.16 17 .2±1.1 63o 5±5ol 36 

1.61° 15.8!0. 52 54.2±2 24 

Average l 1.26!0.14 17.9±1.3 n .. 4!8o 5 

Intestine 22.8±0.9 24 

l 15.3:!:0.9 12 

I l 
38.6±2.4 16 

I 
I 

I J2o 5:!:1.0 36 ' 

I I 
I 22.1±1. 5 24 

Average 26. 7±1.2 

Spleen 53.3!/+.6 24 
I 

37.2!4.2 12 

! 55.)!).6 16 
l 

: 
47.6!3.;0 36 

' ! 
: 4)..1±2.7 24 

Average 48.2:!:1.7 
j 

+ 2 livers pooled for DNA and cPNA determinations. 

o This value only represents 12 mice. 
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TABLE VII 

Specific Activity x 104 ~f Nucleic Acids 
labeled with Adenine-4,-6-cl4o 

Tissue cPNA DNA 

Liver + -: 
49o0-h4 3o2S:!Oo36 

+---------- -··-----· 

Intestine 126~ 12 
_,_ "" ·-

Spleen 69:! 11 

No. of 
mice 

16 

16 

16 

* Specific activity of Adenine = 4.2 uc/mg. 

o dose injected = 7 uc/mouse. 

TABLE VIII 

Specific Activity x 104 bf Nucleic Acids 
labeled with Glycin~2-cl4 

...------- ------ ------------ ,-··----------------- ----· ---- -------~-- -------

: Tissue cPNA I DNA N?. of 
nu.ce 

~-----~----·--L~ver -- 6.36±0.75~S-2_!_0_o_2_2_~---.. --~~ 

7.66!0.37 2.37:!0.3S 22+o 1-----l--------+-·· ··--

Average 2.20±0.29 
1----·+----------+------·-1--------.,---l---·· --

Intestine 21.2:!lo6 10 

22 

jiverage 

Spleen 10 

16.9:!0.62 22 !---·---+---------+-------------·- ____ __:_ _______ !--:---·-----··--~ 

Average 19.2±1. 5 

* Specific activity of glycine = 11.1 uc/mg. 

+ Specific activity of glycine ~ 12 uc/mg. 

o dose injected = 7 uc/mouse. 
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TABLE IX 

Specific Activity Ratios of the Various Nucleic Acids 

-··~--~- ~ 

Fonnate-cl4 Glycine-2-Cl4 Adenine-4j6-cl4 Na HP32o 2 _ _lj. ___ 

Liver i 

nPNAg cPNA 3o45~0o36 3o99:!:0o55 I 
. I 

Liver I 
nPNAgDNA lO!lo24 56.,7±9a2 I 

' .··-··! 
Liver I cPNAgDNA 3o0~0o3l 3o23:!:0o42 15.0!1. 7 l4o2±L,S6 i 

I 

Intestine DNA g 
I 

Liver DNA 22±2ol6 9o )±lo4 30o3±4o4 21..2±2.54 I 
I 

Spleen DNA: I 
' I 
' Liver DNA 22:!:2o0 So7±lo3 l6o6±Jol 3So3±4o4 _j 

TABLE X' 

Comparison of the Specific Activity Ratios of the 
Various Nucleic Acids 

r-------------------,--------------...--------···----·-·--·-··-·1 
t---------+------P_r.,....o_ba_b_i_l_i_t-=-y_P_-:-------------J,..------ ·-·····---! 

Formate-cl4 Glycine-2-cl4 Adenine•4,6-cl4 Glycine-2-c14 .
1

i 
vs 0 vs 0 vs 0 vs. 

Na2HP32o4 wa2HP·32o
4 

·Na2HP32o
4 

Formate-cl4 I 
~~ I 
nPNA:cPNA ~ -1 
~----~=----+------+--~---·--··--··-·· ' 
Liver 

1-n_P_N_A_g D_N_A __ -+-__ O_o_O_O_l_-+--------'--~-------+---------""' 
Liver 
cPNAgDNA 

Intestine DNA~ 
Liver DNA 

Spleen DNAg 
Liver DNA 

OoOOl 

OoOl 

QoOOl 1.00 0.22 

OaOOl 

· OaOOl OoOl 
~-----~--------~----------~--------------~------------

=no significant difference. 

I 
I 
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EXP ERD1ENT II 

Introduction 

An increased rate of p32 incorporation into the desoxypentose 

nucleic acid (DNA) of livers and spleens in mice and rats bearing 

transplanted tumors and in pregnant mice and rats has been reported 

by Kelly and Jones35 and Kelly et alo36 The present experiment deals 

with an extension of this work to some other tumors and with measure­

ments of the rate of p32 incorporation into t·he nuclear and cytoplasmic 

pentose nucleic acid of these tissueso 

According to current theories PNA is intimately connected with 

protein synthesis and so might sho1i' a higher turnover in animals under­

going rapid tissue growtho If this were the case and if PNA and DNA 

had a common precursor~ then DNA might show a higher specific activity 

not due to a change in its turnover but due only to the increased 

specific activity of its precursoro The present experiment was an 

attempt to test this possibilityo 

Experimental J:Jork 

All mice were .fasted for 24 hours prior to the experimento They 

were injected intraperitoneally with approximately 30 ~c of·p32 labeled 

sodium phosphate in isotonic saline at pH 7 about 9 AM and killed 

with ether precisely four hours latero The livers were removed and the 

isolation of the nucleic acids was begun as soon as possibleo In order 

to obtain enough material the livers from eight or more mice were pooledo 

Results and Discussion 

The results of the measurements are given in Tables XI, XII, and 
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XIII. Each value represents the specific activity obtained on the pooled 

livers of at least eight animals. In the cytoplasmic PNA determinations 

epough material was available so that each sample was divided into two 

at the beginning of the isolation procedures and the two separate de­

terminations were averaged to give the values in the table. The dupli­

cates were within 10 percent of each other. 

As can be seem from the tables the increased liver DNA specific 

activity observed earlier in female ! strain mice occurs also in male 

! strain mice bearing the transplanted mammary carcinoma 3 in female ! 

strain mice bearing transplanted sarcoma A274 and in female C57 strain 

mice bearing a transplanted mammary carcinoma. 

Contrary to expectations there was no apparent difference in the 

rate of p32 incorporation into the cytoplasmic PNA of the livers of 

tumor bearing mice. However 3 the individual variations are rather 

large so that a small effect would not necessarily be noticed. Further~ 

more the cytoplasmic PNA is a mixture of the various cytoplasmic 

fractions and there might be a considerable change in one of these frac­

tions without it being evident in the values. 

The nuclear PNA specific activities of the tumor group show a 

statistically significant decrease from those of the control group 

(Table XI); however~ these measurements should be viewed with caution. 

The ratio between the nuclear and cytoplasmic PNA specific activities 

is much lower than obtained by Barnum et al.44 indicating that the 

nuclear PNA may still be contaminatedj possibly with cytoplasmic PNA. 

It is clear from these experiments 3 however 3 that there is no 

drastic change in the PNA metabolism of the livers of tumor=bearing 
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hostso The increase in the DNA specific activity is apparently due to 

a true change in its turnover rate and not to a secondary effect 

associated with PNA turnover or a change in overall phosphate metabolismo 

In a series of 4!3 female A, strain mice bearing transplants of 

mammary carcinoma (lo3 gms per mouse) the average liver weight was 

found to be 7o57 percent ! OolS percent of the body weighto E1ghteen 

control animals had an average liver weight of 6.19 percent : Ool7 per-

cent of the body weighto This indicates a 20 percent greater liver 

weight in tumor animalso Recently Reddy and Cerecedo37 have reported 

an increased content of both DNA and PNA in the livers of mice bearing 

52 . 
Crocker sarcoma 1!30 transplantso Kosterlizz and Campbell have found 

an increase in the DNA content of livers of pregnant ratso These ob-

servations suggest that in the livers of tumor-bearing mice the in-

creased DNA turnover is an indication of increased call proliferationo 



TABLE XI 

Specific Activities x lo4 of Liver Nuclelc- Acid~ in .t' A Strain Mice Bearing Marmnary Carcinomas 

Weight and- Age 
of Tumors DNA* Cytoplasmic PNA Nuclear PNA 

Tumor Control Tumor · Control Tumor Control 
--

Ool7 gm lo72 lo09 l7o6 llo2 55o3 53o8 
7o5 days lo96 lo37 l6o8 llo9 62o6 63o8. 

lo44 Oo69 l6o0 l2o4 53o0 66o8 
lo 73 lo06 14ol l0o8 
2o02 llo9 
lo68 llo4 
lo41 

loO gm 3o75 lo25 l2o5 7o2 39o7 45o4 
10 days 4o9l Oo71 llo6 9o3 45o2 49o3 

5o45 llo6 58o2 

2o0 gm 2o22 I Oo53 l3o6 llo5 43ol 55o3 
15 days loS9 

I 
Oo75 l2o0 l2ol 35o7 48o5 I 2o24 4o2 l3o5. 4lo9 

5o08 8o2 36o6 
llo8 48o5 

2o4 gm lo 55 l Oo93 7o3 9ol 37o8 5lo5 
18 days lo 70 7o4 3/-J.o 7 

-

Averages 2o55:!:0o37 Oo97~0oll llo 7!lo0 l0o9:!:0o7 45o6±2o7 55o3:!:2o9 
-· 

Probability of 
Significance (P) Oo002 lk2.1 Oo013 

I -· 

* The values given represent the number of p32 counts per milligram of phosphorus divided by the number 
of counts injected$ normalized for the weight of the miceo Errors quoted are 1~~ No significant 
differences italicized~ 



TABLE XII 

Specific Activities x 104 of Liver Nucleic Acids in.~ C 57 Mice 'Bearing Mammary Carcinomas 

... 

Weight and Age 
of Tumors DNA Cytoplasmic PNA Nuclear PNA 

... .. - I . . I 
... - . .. . 

I Tumor Control Tumor Control Tumor Control 

-
2o4 gm 3o65 Oo 56 9o2 7og 60o0 
11 days 4o09 Oo63 9o9 7o7 45o0 

3o21 7.,g 

5-.,2 gnr· 13.0 Oo27 l3o2 10.6 79.0 50o0 

14 days 10.5 0.44 9o3 10.,2 

--

Averages 6og:!:2o0 0.,4g!ooog 9o 9!lo0 9o~Oog 
. -. 

··-- - ,0:.;.~_.-::-

Probability of 
Significance (P) Oo02g 



TABLE XIII 

Specific Activities x lo'-1- of Liver Nucleic Acids in~!. Strain Mice Bearing Sarcoma A274 

Weight arid Age 
of Tumors DNA Cytoplasmic PNA Nuclear PNA 

. . . y., • • -'- 4 

I 
Tumor Control Tumor Control Tumor Control --

Oo55 gm 2o39 Oo75 12.0 10.6 56.5 47o0 
7 days 2.63 0.88 l2o8 llo4 

3.00 13.1 

2.0 gm 2.28 Oo55 12.1 12.1 
12 days 2.28 Oo76 13.6 14ol 

2.05 20.9 

Averages 2.44:!:0.14 0.74!0.09 14.1±1. 5 12.1!:0.8 

Probability of -. 

Significance (P) 0.001 Ool4 
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EXPERIMENT III 

Introduction 

The observation made in the previous experiment that the increase 

in incorporation of p32 in the liver and spleen DNA is not noted in 

liver nuclear pentose-nucleic acid (nPNA) or cytoplasmic pentose nucleic 

acid (cPNA) is an indication that the increase found in the liver and 

spleen DNA of tumor-bearing mice as compared to controls is not an in­

direct effect due to a change in total phosphorus metabolism-- eogo, 

an increase in cell permeability to phosphorus, but is probably due to 

an increase in cell proliferationo To further substantiate this con­

clusion formate-cl4 and glycine-2-cl4 were employed as precursorso 

Experimenal Work 

Male A strain mice were used in all the experimentso The mice were 

fasted for 24 hours prior to being s acrificedo The relative nucleic acid 

turnover rate was measured by giving 20 uc (except where otherwise indi­

cated) intraperitoneally of formate-c14 or of glycine-2-cl4 sacrificing 

the mice after four hours, isolating the DNA from livers, intestines, 

spleens and tumors and cPNA from livers, and measuring the specific 

activity of the .nucleic acido 

Results and Discussion 

As can be seen in Tables XIV and XV, the increase in specific 

activity observed earlier with the use of p32 in liver and spleen DNA 

is also observed with formate-cl4 and glycine-2-c14, while the cPNA 

specific activity in the tumor-bearing mice does not;: .vary signifi'ca:ntly, · 
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from the control groups~ except.in the group of mice bearing sarcoma A274 

transplantso The cPNA specific activity in this group is lower than the 

cPNA values for the entire group of control miceo However, the average 

cPNA value of the·control mice which were used the same day as the sar­

coma A274 rnice was 4o6 which is not significantly different from 5olJ 

the average cPNA value obtained for the sarcoma 274 miceo 

The specific activity of the intestinal DNA is s:i.gni'ficantly 'lower 

in all the tumor bearing mice as compared to the controlso 

The results with glycine-z-cl4 do not agree with those of Le Page 

and Heidelbergero40 They find essentially no difference in the specific 

activity of liver DNA of control rats from that of rats bearing multiple 

Flexner=Jobling carcinoma transplants. 

Their values observed in liver DNA and in tumor DNA are also 

approximately the same as the values obtained for the liver DNAo 

A ratio of tumor DNA~liver DNA of 5o5 was obtained employing glycine-

2-Cl4 as the labeling agent~ which is considerably lower than the ratio 

of 70 observed using formate-cl4 as the tracero The cPNA~DNA ratios are 

the same for both glycine and formateJ namely 3olo 

Le Page and Heidelberger interpret their results to indicate that 

there may exist two separate pathways of nucleic acid synthesis·o How­

ever~ the difference in the tumor DNA to liver DNA ratio that was ob= 

served using glycine and fonnate may also be explained by a difference 

in the availability of the two precursors in the various tissueso This 

may be partially substantiated by the fin~ings that the intestine DNA: 

liver DNA and the spleen DNA:liver DNA ratios are also lower with glycine 

labeled nucleic acid than with the formate labeled nucleic acid~ while 
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the cPNA:DNA ratio in the liver is the same using either precursoro 

From the present experiments it can be .concluded that the increase 

in specific activity of liver and spleen DNA in tumor bearing mice as 

compared to control mice with the use of radioactive phospporus was due 

to a true change in the DNA turnover in these two tissueso 
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TABLE, XIV 

Specific ActivitY* x 104 of Nucleic Acid labeled with Formate-cl4° 
in d" A Strain Mice 

AverageE 

Liver1 DNA Liver1 cPNA Spleen2 DNA 

3ol4 go 55 70.4 

lo62 llo65 ?O.g 

3o7g l4o22 66.2 

lo22 goM g2o6 

logg go3g 99o0 

2ol0 12.g5 glog 

2.36 g .. 66 g3og 

lol5 9ogl 10g.6 

2o20 5o43 

4o57 2ol7 

3ol7 2o60 

2.lg l0o32 

lo63 2o47 

.3· 57 

2o2g 

2o46:!:0o27 gol3±lo 1 g2o9:!:5o5 

lo Each value represents 2 liverso 
2o Each value represents 4 spleenso 
3· Each value represents 2 intestineso 

Intestine3 DNA 

9go 7 

g5.3 

gg .. 9 

73o0 

79ol 

74o0 

g9o1 

107.0 

7go7 

47o7 

gl~6 

I 67o2 

I 65o 7 

g5og 

74o3 

79o7±3.g 

4• Each value represents tumor tissue from 2 miceo 

* Specific activity expressed as counts per minute per milligram of 
nucleic acid phosphorus divided by counts per minute injected, 
normalized for the weight of the mouseo 

o Specific activity of formate = 19.12 uc/mgo 



TABLE XIV ( cont) 

Specific ActivitY* x 104 of Nucleic Acid labeled with Formate=Cl4 
in tf' A Strain Mice Bearing Mammary Carcinoma 

Liverl DNA Liverl cPNA Spleen2 DNA Intestine3 DNA 

l 
I 
I 

! 

I 

I 
I 

i 
I 

I 
I 

Averages 

5o23 6o53 2llo0 

8o22 5o74 168o0 

llo65 8o58 19lo0 

9o53 9o90 225o0 

5o34 6o70 160o0 

4o26 8oES4 187o0 

l4ol5 7o79 185o0 

7o40 7o84 

8o86 6ol3 

6o22 9o0l 

8o23 l2o35 

7o78 llo44 

6o26 8o37 

6ol9 llo63 

l0o78 8o57 

8oOl:!:Oo7 8o63:!:0o47 190:!:9 

lo Each value represents 2 liverso 
2o Each value represents 4 spleenso 

57o9 

74o0 

55o5 

66o9 

69o6 

6lo0 

72o0 

59o5 

60o0 

68o2 

63o5 

68o4 

7lo6 

73ol 

67o2 

65o9±lo6 

3o Each value represents 2 intestineso . 
4o Each value represents tumor tissue from 2 miceo 

Comparison of Formate=cl4 labeled Nucleic Acid Specific Activities in 
Control Mice with Mice Bearing Mammary Carcinoma 

Liver DNA Liver cPNA Spleen DNA Intestine DNA 

Probability of 
significance p OoOOl Oo7 OoOOl OoOl 

* Specific activity expressed as counts per minute per milligram of 
nucleic ~cid phosphorus diVided by counts per minute inj~cted~ 
normalized for the weight of the miceo 
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TABLE XIV ( cont) 

Specific ActivitY* x 104 of Nucleic Acid labeled with Formate-cl4 
in ~ A Strain Mice Bearing Sarcoma A274 

Liver1 DNA Liver1 cPNA Spleen2 DNA Intestine3 DNA Tumor4 DNA 

12.75 5.00 142.7 44·0 S4o3 

l7o3S 5. 6S 143o6 72o 7 61.7 

20.49 6.S5 l?So7 60.1 7lol 

10.34 3ol? 67.3 so.o 

19.17 4o74 50.4 74·7 

21.43 45o2 

Averages 16.92±2.2 5.10!0.66 155:!:14.0 56.6!:5.6 74o4!4o4 

1. Each value represents 2 livers. 
2. Each value represents 4 spleens •. 
3. Each value represents 2 intestines. 
4• Each value represents tumor tissue from 2 mice. 

Comparison of Formate-c14 labeled Nucleic Acid Specific Activities in 
Control Mice with Mice Bearing Sarcoma A274 

Liver DNA Liver cPNA Spleen DNA Intestine DNA 

Probability of 
significance p 0.001 0.07 0.03 0.015 

* Specific activity expressed as counts per minute per milligram of 
nucleic acid phosphorus divided by' counts per' minute injected, 
normalized for the weight Gf the mice. 

-, 



Averages 

Liver1 
DNA 

2.18 

1.87 

lo96. 

1.63 

3o43 

2. 58 

lo 73 

1.62 

1.44 

1.98 

5.63 

2.37:!::0.38 

... 

TABLE XV 

Specific Activit~~ x ·104 of Nucleic Acid labeled with Glycine-2-cl4{~o 
in Normald" A Strain Mice and in d' .fl Strain Mice Bear~ng Mammary Carcinoma 

Controls Mammary Carcinoma 
.. 

Liver1 Spleen2 Int estit1e3 Liverl Liver1 Spleen2 Intestine3 
cPNA DNA DNA _DNA .. cPNA DNA DNA 

6.20 19.0 33.6 5.20 15.3 30.5 11.6 

9o43 17.2 l7ol 4o64 7o8 33.6 15.0 

8.61 16.6 31.5 6.1+8 I 6.7 36o4 I llo9 

6.49 16.0 2lo3 3o 58 I 7o7 4lo3 I 11.7 

I 6.54 15.8 l7o9 3.93 10.9 45o3 12.4 

8.23 22.5 4o27 9.1 11.8 

8.62 l3o7 5.17 9.2 I I 15.6 

6.07 18.5 3o30 I 10.0 I 16.9 
I 

8.12 16.7 4o/+6 I 9.1 I 12.8 
I 

8.53 16.4 4o09 j 8.0 I .15.5 I 

I 7o45 18.6 

7.66!0.37 16.9:!:0.62 20. 7±1. 9 4o5l!:Oo3l 9.4!1.2 37.~0.3 13.5!0.7 

Tumor4 
DNA 

llo3 

13.2 

12.5 

12.1 

23.4 

11.1 

llo6 

10.9 

11.7 

13.1:!:1.4 

1. Each value represents 2 livers. 4• Each value represents tumor tissue from 2 mice . 
. 2. Each value represents 4 spleens. ~~ dose injected = 7.35 uc/mouse • 
. 3. Each va1ue.represents 2 intestines. o specific activity of glycine = 12 uc/mg. 

Comparison ~f Glycine-c14 labeled Nucleic Acid Specific Activity in Control Mice "'1th 
IHce Bearing Mammary. Carcinoma 

Probability of 
significance p 

Liver DNA 
0.01 

-- = Significant difference. 

Liver cPNA Spleen DNA Intestine DNA 
0.2 0.001 0.01 



SUMMARY AND OONCLUSIONS 

The turnover rate of liver nucleic acids (io e., cytoplasmic PNA, 

nuclear PNA, and DNA), spleen DNA, and intestine DNA has been studied with 

the use of formate-cl4, glycine-2-c14, adenine-4,6-cl4, and Na2HP32o4 

under identical experimental conditions in normal mice. The turnover 

rate of liver nucleic acids with p32, formate and glycine-2-c14 and in 

spleen DNA, intestine DNA, and tumor DNA with formate and glycine has 

also been measured in mice bearing mammary carcinoma or sarcoma trans-

plants. The liver cPNA:DNA, nPNA:cPNA, spleen DNA:liverDNA, intestine 

DNA:liver DNA specific activity ratios obtained with the four labeling 

agents have been compared in the normal mice. In the mice bearing the 

tumor transplants, the effect of the tumor tissue on the liver and spleen 

nucleic acids was studied. 

The following results were obtained in male A strain mice. 

1. Liver cPNA:DNA ratios are th~-same for formate and glycine 

labeled nucleic acids, but considerably lower for p32 labeled nucleic 

acids. 

2. Liver cPNA:DNA ratios are the same for adenine and phosphorus 

labeled nucleic acids. 

3. Liver nPNA:cPNA ratios are the same for formate and phosphorus 

·labeled nucleic acids. 

4• Intestine DNA:liver DNA ratios are the same for adenine, formate, 

and phosphorus labeled nucleic acids, but considerably lower for glycine 

labeled nucleic acids. 

5. Spleen DNA:liverDNA ratios are the same for formate and adenine 

labeled nucleic acids, lower for glycine labeled nucleic acids, and higher 



(' 

-40-

for phosphorus labeled nucleic acids. 

The lower cPNA!DNA ratios found with glycine and formate as compared 

to the ones found with adenine and phosphorus may be explained by the 

findings of 'Elwyn and Sprinson, 42 and Totter, Volkin, and Garter39 that 

both glycine and formate are incorporated into the pyrimidine~ thymine, 

but not into the pyrimidines, uracil or cytosine, which means that two 

bases are labeled in PNA while three bases are labeled in the DNA. How­

ever, with phosphorus and adenine an equal number of nucleotides are 

labeled in the PNA and DNA. The above is also substantiated by the 

observation that nPNA:cPNA ratios are the same for formate and phosphorus 

labeled nucleic acids. The differences found in the intestine DNA: 

liver DNA and spleen DNA:liverDNA observed with the four precursors may 

be explained by a difference in the availability of each prEcursor in 

the various tissues owing to differences in their metabolic pathways. 

The results obtained with adenine as the labeling agent do not 

agree with earlier findings by Furst and Brown50 and Furst, Roll and 

Brown48 who found a much higher PNA:DNA ratio in rat liver than was ob-

served in mouse liver in the present experiment. 

The results obtained in this experiment indicate that there is not 

an independent turnover of any one fraction of the nucleic acid molecule, 

but that the nucleic acid molecule is synthesized in toto. 

The results obtained in the study of the effect of tumor transplants 

on nucleic acid synthesis in the liver, spleen, and intestine when com­

pared to normal are as follows. 

1. The rate of incorporation of p32, formate-c14, and glycine-2-cl4 

into liver DNA is increased. 
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2o There is a decreased rate of p32 incorporation into liver nuclear 

· PNA in male ! strain mice bearing mammary carcinoma. 

3. There is no significant variation from normal in the rate of in­

corporatio!l of p32 , format.e-cl4, and glycine-2-c14 into liver cytoplasmic 

PNAo 

4o There is an increased rate of for:nate and glycine incorporation 

into spleen DNAo 

5o There is a decreased rate of formate and glycine incorporation 

into intestine DNA. 

6. In A strain mice bearing transplants of mammary carinoma, there 

is an increase of 20 percent above normal of the average liver weight/ 

body weight ratio. 

The above observations suggest that in the livers of tumor-bearing 

mice the increased DNA turnover reflects an increased cell proliferation. 

This concept is supported by the recent report of Reddy and Cerecedo37 

of an increased content of both DNA and PNA in the livers of mice bearing 

Crocker Sarcoma 180 transplantso Since PNA is believed to be intimately 

connected with protein synthesis, it is plausible that PNA has a higher 

turnover in liver tissue undergoing rapid growth. That there is no in­

crease above the normal controls in the specific ~ctivity in liver PNA 

from mice with tumor transplants may be due to PNA being a composite of 

different cytoplasmic PNA fractions. A study on the PNA obtained 

separately from the mitochondrial, microsomial, and supernatant fraction 

might well reveal an effect on any one of the cytoplasmic PNA fractions. 

-, 
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