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ABSTRA

The effect of incubating isolated rat liver nuclei with deoxyribo-
miclease on the incorporation of 014-1abe1ed precursors into ribonucleic
acid of reconstituted homogenates was studied.

When 66-76% of deoxyribomucleic acid was removed from the nuclei by
deoxyribomuclease, only a 12-18% and 38-40% decrease in the specifiec
activities of mclear and cytoplasmic ribonucleic acid was observed.

This result indicates that deoxyribomucleic acid does not play a major
role in precnrsor’incorpbration into nuclear ribomucleic acid.

| Deoxyribonucleic acid gives a blue color with diphenylamine.
Destruction of deoxyribomucleic acid by deoxyribonuclease leaves a
diphenylamine-rea.ctive’ chromogen which could be extracted by hot tri-
chloroacetic acidrfrom tissuess Investigation of this chromogen shows
that it is probably & mucleic acid=like substance tightly bound to proteins
and that it cannot be extracted ﬁy procedures which usually extract mucleic
acids from tissues. Pyrimidine and purine bases and phosphate are. present
in the diphenylamine chromogen while deoxyribbse is not present since the

chromogen gave no color in the reaction specific for deoxyribose.
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INTRODUCTION

DNA* as Genetic Materials

Since nucleic acids are thought to play important roles in bioe
chemical processes of the body, they have long been the subject of
intensive investigation, ¥arly workers studied the nature of genes and
substances that might constitute the genetic material in the body,.
Morgan and his comworkers (1, 2) were among the first to show the clme
relationship between the chromosome movements and the movements of the
genetic determinants deduced from the Mendelian genetics, This fact was
enough to consider the chromosomes as a "gene carfier".

The next stage of this work was to look for the substance .
responsible for genetic activity in the chromosomes, In 1922, Feulgen
and Rossenbeck (3) discovered a color reaction of DNA which they used to
prove that DNA is localized in the nuclear chromatin, Mirsky and
Pollister (4) also showed that the protein extractable from tissues with
strong salt solutions is DNA-protein and that this extraction causes a
loss of stainability of nuclear material, The transformations of type
specific pneumococcal bacteria were the first direct evidence that DNA

might act as a carrier of genetic information (5).

# Abbreviations: DNA, deoxyribonucleic acid; DNA-ase, deoxyribonuclease;
RNA, ribonucleic acid; RNA-ase, ribonuclease; n-RNA, nuclear ribo-
nucleic acid; c-RNA, cytoplasmic ribonucleic acid; TCA, trichloroacetic

acié; PCA, perchloric acid; DPA, diphenylamine] 0.D,, optical density,
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¥When other constituents such as histone and other proteins
(6, 7, 8, 9) were found in the chromosomes, it was no larger possible
to claim that DNA was the only compound playing a genetic role,
However, Felix (10)and Mirsky et al. (7) have reported metabolic studies
indicating these non=DNA components of chromosomes probably do not have
genetic activity., Quantitative cytochemical studies also point
definitely towards DNA as the carrier of the genetic information, For
example, it was shown that DNA is constant in the (diploid) somatic
nuclel of various tissues within one species and that haploid sperm
cells have half the amount of the diploid cells (11, 12), Mirsky and
Ris (1k) showed that the nuclear proteins do not exhibit this constancy
or the haploid to diploid ratio, expected of genetic material,

Brachet (9) in his discussion of the role of DNA in heredity
and protein synthesis, suggests seven different iines of evidence for
the genetic role of DNA: 1) the DNA from each species has a ratio of
bases that is characteristic of the species; 2) the specific localiza-
tion of DNA in chromosomes; 3) the approximate constancy of DNA per
chromosome set; 4) the relative metabolic stability of DNA; 5) the
effects of mutagenic agents on DNA; 6) the role of DNA in phage reproduce=
tion, and finally, 7) the identity of the bacterial transformirg agents
with DNA

Rela ion of DNA to Protein Synthesis:

Since genes control the reactions that occur in the body, the
genes must simultaneously control the synthesis of enzymes that carry
out these reactions. Caspersson (13, 14) originally suggested a direct

relation between genes and protein synthesis and he attempted to prove
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that the nucleus is the site of protein synthesis. Allfrey (15, 18)

and Mirsky (17) studied the effect of DNA on the synthesis of proteins
in isolated nuclei and successfully demonstrated that DNA removal
inhibits incorporation of a radioactive precursors into nuclear proteins.
Gale (18) Brachet and Chantrenne (19) and Mirsky et al. (7) confirmed
these findings, These observations do not mean, however, that all
protein synmésis is DNA dependent, Allfrey (lé, 20) believes that

DNA is directly involwféd only in the synthesis of proteins of the genes,
' Other investigators have demonstrated that protein synthesis

is completely independent of the nucleus in some types of cells

(19, 21, 22), These findings suggest that DNA controls protein synthesis
only in an indirect way. The theory advanced by a member of workers
(discussed in detall later) is that DNA controls RNA synthesis which in
turn, controls the synthesis of proteins (23, 24, 25), Thus DNA will
indirectly affect protein synthesis through the synthesis and activity
of RNA, Brachet (9) has suggested a scheme to explain the relationship

between nucleic acids and proteins

r + Proteins of the nucleolus
' SN-RNA: 3C-RNA: > Prggeiur::
DNA - > cytoplasm

J——————al’roteins of the chromosomes
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Relation of RNA to Protein Synthesis:

The first evidence of the association of RNA with protein
synthesis was obtained independently by Caspersson (12) and Brachet (25)
by means of cytochemical studies, In 1951, Leslie and Davidson (27)
proved by means of quantitative methods that the synthesis of RNA always
precedes protein synthesis in an embryo., It was later found that a
direct correlation exists between the RNA content of a cell and its
ability to synthesize proteins (28, 29). Gale and Folkes (30) and
Allfrey et al. (31) showed that amino acids are incorporated into a
bacterial ribvonucleoprotein complex, this incorporation was very easily
inhibited by the addition of ribonuclease, These findings all provided
evidence that RNA plays a role in protein synthesis,

A number of workers have concluded that the most active protein
synthesis occurs in microsomal fraction because it is the most active
in incorporating labeled amino acids into protein molecules, (52—-56 e
The high activity of the microsomes in protein syn'bheais apparently due
to its high RNA content (31, 37) since RNA=ase inhibits the incorpora=
tion of animo acids into protein molecules, (31, 38-42), More direct
evidence for the role of RNA in protein synthesis was obtained by
Webster & Johnson (39) who showed that addition of RNA to RNA-ase treated
microsomes restored amino acid uptake, '

In addition, it has recently been shown that the essential
components required for protein synthesis are microsomal ribonucleo-
protein particles, certain enzymes in the soluble protein fraction,

ATP, GDP or GTP and a nucleoside triphosphate-generating system (43-45),
A mechanism for protein synthesis suggested by Hoagland et al.(46) is
that activated amino acids react with S-RNA (a soluble RNA) in the cell
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sap énd the activated amino acids are subsequently transferred to the
microsomes where they polymerize to form protein under the influence
of mcroéomal RNA,

Additional studies of the various phases of the relation between
mucleic acids and protein synthesis have employed microbial systems,
Cohen and Barner (47) demonstrated that in a thymine-less E, coli,
protein syithesis parallels RNA synthesis even if DNA synthesis is
suppressed, Ben-Lshal and Volcani (48) showed that the inhibition of
RNA synthesis leads to the inhibition of protein synthesis in a thymine-
less E, coli, while the reverse is not true, It has also been shown
that protein synthesis never occurs without a simultaneous increase in
RNA, (49)

Pardee et al.(50, 51) and Spiegelman et al. (52) also investigated
this observation and proved that purine and pyrimidine=requiring
mutants of E, coli can not synthesize an induced enzyme unless the
required bases are present simultaneously, They also showed that inw
hibition of DNA synthesis does not have any effect on enzyme synthesis
whereas a 50% inhibition of RNA synthesis completely stops any fur:bher
enzyme synthesis, These findings all furmish additional proof that
protein synthesis is closely related to the synthesis of new RNA, In
fact, Brachet (9) concludes that the synthesis of a new RNA molecule
must accompany the synthesis of enzymes,

It appears furthermore, that a specific RNR is formed for each
specific ensyme, Kramer and Straub (53) showed that a new type of RNA
was synthesized duﬁng the induced synthesis of penicillinase in |
bacteria, They claim that the RNA isolated from strains having penicile

linase as a normal constituent can induce the synthesis of this enzyme
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even in the absence of penicillin as an inducer, Chantrenne (54, 55)
confirmed that the synthesis of a specific enzyme is closely linked
with the synthesis of a new, possibly specific RNA., He also showed

that new RNA molecules are synthesized when catalase synthesis is

stimulated by the presence of oxygen in non respiring yeast cells,

Nuclear Synthesis of RNA:

From the foregoing discussion it is clear that RNA is closely
related to the synthesis of protein and that RNA may therefore control
protein synthesis, This is in agreement with the previously mentioned
theory that DNA controls the synthesis of RNA which, in turn, controls
the synthesis of protein, However, it has also been pointed out that
the microsomes are the most active protein-synthesizing fraction, Since
DNA is located only on the chromosomes in the nucleus, it is necessary
to explain how information can be transferred from the genes to the
microsomes,

The best hypothesis avallable at present to explain this informa-
tion transfer has been advanced by Beadle (56, Gale (24), Dounce (57),
and Muller (58)., They propose that n-RNA is synthesized under the
influence of the genetic material, DNA, in the nucleus, and the n~RNA
then diffuses out to the cytoplasm where it controls protein | synthesls,
Thus, the first problem is to prove that RNA is synthesized in the
nucleus,

Studies on intact cell systems have indicated that considerable
RNA synthesis occurs in the nucléus, Marshak and Calvet (59) were amorg
the first to demonstrate this fact by injecting pi2 intravenously into
rabbits and studying the rate of incorporation into different fractions
of RNA at intervals after the injection, They found that initially
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the specific activity of n-RNA was much higher than that of c«RNA. Then
the specific activity of n-RWA decreased with tims while the specific
activity of c~RNA increased mn both reached the same level., This
finding is in campléte agreement With'the hypothesis that n-RNA is the
precursar ef c-lilﬂ; ~ - | |

In a variety of experimental systems, including amoeba acetabularia
and frog ocytes, investigators confimmed the above finding (60, 61). "
In addition, Brachet (&2) demonstrated that the mucleus is the first site
of RNA reappearance after living Amoeba have been treated with RNA=ese.
In very recent work, Zalokar (63) proved definitely that tritiated
widine exclusively appeared in the nuclei whsn Neurospora iero upoQod
to uridinesE> for only one minutes .‘

Site of RNA Synt.heaie in the Nucleuss

Thus it is clear from the above findings that RNA is mithasisd
in the nmucleus, but the location of this synthesis within the mucleus
itself is still unsettled, There are three main theories dealing with the
site of RNA synthesis in the nuclei themselves,

The first theory was put forward by Fieq (6L, 65) through
autoradiographic studies on frog oBcytes and starfish. He demonstrated,
that the mucleolus rather than the chromoscmes is the primary site of
incorporation of lsbeled adenine or orotic acid into RNA. McMaster«Ksaye
and Taylor (66) also observed by means of autoradiography that, in
Drosophila salivary gland cells, REA appeared first in nucleoli and later
in the clromosomes and cytoplamm of the celle Additional studles on the
primary site of n-RNA synthesis in the nucleus are in agreement with the
fact that redioactive precurser are first incorporated into the mucleclar
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REA rather than into the chremoscmal RMA (67, 68).

This interpretation that RMA is first synthesized in the nucleoli
casts some doubt on the hypothesis that RNA carries infarmation from
genes to the cytoplamm since t.ho genetic material is localized exclusively
in the chromosomes and chromosomal RNA should therefore become radioactive
before nucleolar RNA. . .

A second theory was suggested by Woods et ale($9J) to explain
this discrepancys They showed that when seedlings of Vicia faba (foul
bean) were grown on a solution containing H3-cytidine fer 1 hr. the
radiocactive precursor was mainly incorpoerd ed into nucleolar RMA and a
very litile was found in chromoscmal RNAe The authors presented a hypo-
thesis thaf anall REA molecules are synthesized in close preximity to
the DEA of the chromosomes and as soon as they are formed they are
transported to the nucleolus where they remain for a time, possibly bound
to proteins This would explain why higher radiocactivity is founi in the
mucleolus than in the chromosomes even though synthesis occurs on the
chromosomes. |

v Goldstein and Micou (70) studied the primary site of n-RNA
synthesis in hunan ssnion cellse They fourd that when the cells were
exposed to 2 grewth mediwm containing B3-cytidine for brief periods of
2, 5 and 10 minutes, the radicactive precursor was mainly (72% in-
corporated into chramosomal RN during the first 5 minutese This sup-
ports the view that the chromosomes are the primary site of RNA synthesis
in the nucleus. However, there was a significant inorease in incorpora=
tion into mcleolar RNA between 5 and 10 minutes of ineubation, indicat-
ing that RNA moves from the chromosemes to the nucleoclus dwring this
interval.
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In other cases, RN) is elearly synthesized on the chromosames,
(71, 72, 63, 73) For example, Brachet and Ficq (74) showed that the
incorporation of radicactive adenine into the RNAmcontaining loops of the
lamp brush chromosomes proceeds very quickly in the germinal vesicle of
amphibian o8cytes, Thus, elthough nucleolar RNA may bécane radiocactive
befare chromosomal RMA, the findings, just discussed support the idea
that the RNA is probably first synthesized in the chromosomes anl is
later transported to the mucleoli :Lﬁ gome casesSe

A third theary proposes the reverse of the second thecry. Perry (75)
has demonstrated that in a tissue culture of Hela cslls some n-RREA is
 first synthesized in the mucleolus, is then transferred to the chromosomes
and finally is transferred to the cytoplasa. However, he also believes
that another n~-RNA fraction is synthesized en the chromosomes themselves
and that it moves directly out to the cytoplasms This theory takss into
ascount the known fact that there are two different fractions of nuclear
BNA. (76, 77-81)

It is apparent fram the preceding discussion that the nucleus is
the site of particularly active RMA synmthesis, Howsver, it is not ak all
clear whether the RNA is first synthesized in the chromosames and is then |
transferred directly to the cytoplasm or whether the RNA pasases through
the nucleolus bsfore transfer to the cytoplasse In facty as Perry has
pointed out, the reverse may even occur, with RNA being synthesized in
the mcleolus and then being transferred to the chromosames befors it
pazses on to the cytoplasm.

There is evidence to support all of these views in at least one
biologicel systems However, it seems liksly that some of the results
obtained are probably artifacts due to the experimental methods er to
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the interpretation, and they may not represent the actual in vivo
mechanisme The mechanism for gene action is so basic and is of such
fundamental impertance that it would be expected to be identical in all
living arganimé.

BNA Synthesis by the Cytoplamms
As discussed above, the muclel are definitsly active in RNMA

synthesis, even though the exact intra=mclear site is not established.
It is desirable at this point, then to consider the Question of whether
or not the cytoplasm is eapable of any RNA synthesis, A few workers
have shown that the nucleus is the only site of RN® synthesis although
their results were questioned by other workers{82). For example,
Prescott (83, 84) has found that neither anucleate Amoeba proteus or

amiclsate Acanthamoeba sould incorporate clh-m'ucil or Cliorotic acid
imto RNA. Plait (82) reported that when the ssme system used by Pressott
was tested in their laboratory with the addition of higher concentrations
of Oli-uracil the emclosted Amosbas incorporated the precurser inte RNie
Several workers have studied this particula problem in Amosbae

proteins and generally agree that the anucleate Amosba is capable of
incorpersting Cli-adenire (8, 86) and Clbuuracil (82) into RNA. Brachet
and Ssafarz (87) showed that an enucleated Acetabularia could incerporate

radioactive precursor into cytoplasmic RMAe Brachet et gl. (88) also

have demonstrated in asetabularia that during the first week RRA

synthesis in an anucleate half is faster than in the nucleated half. This
suprising result may be explained if it is assumed that the mucleus depletes
the cyteplasm of the precursors it needs for RNA synthesise, Thus, the
removal of the nucleus would result: in an increase in the rate of oyto=
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plasmic synthesis of RNA. These findings indicating RNA synthesis in
the cytoplasm have been confirmed by many workers in a variety of systems
(89, 76, 90, 91, 92, 93).

Further evidence for an independent cytoplasmic synthesis of RNA
is the difference of purine/pyrimidine ratio between the cytoplasmic and
muclear RNA (9u~96, 97).

Many werkers (76, 77, 98) report that despite the chemical
similarity of nucleotide contemt of c-RNA and n-RNA, differences in
specific activity inmdicate that these fractions are synthesized independe
ently. Osawa et al. (77) showsd that P32 is imcorporst.ed at differemt
rates into microsomal RNA as compared to the PH 7.1 fraction of n-RNA
ef rabbit appendix and thymus even though the two fractions of RNA have
identical base content, Hotta and Osawa (76) farther suggested that the
oytoplasm is responsible for all c-RNA synthesis, Barnum et al.(98)
agree with this suggestion and they point out that no conclusive ex-
periments exist which definitely prove that n-REA 1s transferred to the

cytoplasm.

zhigomtical Basis fer the Tram{g of RNA from the Huﬂfous to thé Cytoplasms
As nenﬁiomd before many 'inmtigaﬁora have oonéiﬁdod that the

nature of each specific emsyme farmed in a given organism is determined

by the genes present in the mucleus (99, 56)s This phencmenon is best

expressed as the well known Wohe gene = one enzyme® theory of Horowits, (100)

which has been fully discussed by Lederberg (101) and Yamofsky (102).
However, this theory does not specify the manner in which genstie

information is transferred fram DNA to the enzymes. This information can

not be transferred directly to ths cytoplasmic enzymes since it has
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already been mentioned that DNA is, localized exclusively in the nucleus
(103, 104)s Some workers have claimed the existence of DNA in the
cytoplass of some plants (105) and some eggs (106); but Hotchiiss (107)
has pointed out that it is as unjnstifiodﬁtocomider all types of DMA
tobogmticutaridastoa&smﬂlproteimtobeemu.

If it is true that DNA found in the nucleus is the genetic material
it is necessary to postulate an information transferring agent. Goldstein
(108), Brachet (9) and Dounce (109) have suggested that muclear RNA is
synthesised under the control of DMA in the micleuss The n<RNA is then
released to the cytoplasm, where it controls the gynthesis of proteins by
using the %genstic information® it has Wobtained™ fram the DMA. Beadle (56)
has stated specifically that the "genes of cellular forms may function
by a process in which genetic information is transferred from DNA to RRA
segments, which then serve as templates for comtrnction of macramolecules
such as proteins®,

These hypothea‘as suggeast that the specificity of an ensyme is
indirectly referable to the genes, If DNA is used as a 'emplate for the
synthesis of RNA, which in turn is used as a template for protoin synthesis,
it would be expected that every mutational modification in a DNA molecule
should produce a corresponding alteration in both RNA and proteih (56)e
Demonstration of such smail structwral alterations has so far been possible
only for a few proteins. Recently, eleven quantitatively different hyman
hemoglobins, with only very slight differences have been isclated (110).

It will probably be very difficult, if hot impossibie, to demonstrate
similar slight differences in the RNA or DNA templates wused for synthesig-

ing these hemoglobins,
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Experimental Basis for the Transfer of n-RNA to the Cytoplasm.

- la.ny ty'pes of eacperinelrbal 'dvaj._fa have been ﬂ:iv.nterpreted as favoring

the hypothesis of the transfer of n-RNA %¢ the cytoplasm., The high

activity of meBNA was tha first indication which led many workers te

suggest that n-RMA could be a precursor of cytoplasmic RNA (13, 1k, 9, 60, 111).
James (112) has shown tha enucleated halves of gbebap proteus

lose RNA at a more rapi& rate than do mucleated halves. | )This could bé

interpreted as evidence for a muclear contribution to the ceRNA.

Brachet (113} also showed that the amount of e«RNA in Amoebae proteus

decreases nafkedly in an enucleated cell, However, he ’feela 'that. this
is not erough evidence to prove the existence of transfer of m«REA to
the cytoplasm since c~RNA could disappesr rapidly from enucleated cells
due to causes other than sbsence of Synthesis of neRNke

One of the best demonstrakiens of transfer of the muclear RR\ to
the cytoplasm is the experimemt of Goldstein and Plaut (89). They
transfereed nuclel whose RNi was labeled with P32 into unlsbeled Amoebace
It was observed that the 1&1531&1 REA moved out of the donor mucleus into
the host cytoplssme The nature of the labeled material leaving the
donor mucleus is still unknown, However, it is probably not phosphate
or moncnucleotides because these would presumably have been reincorporat-
ed inte the RNA ef the host muclei as well as the host cytoplasme Howw
ever, ne labeling of hest nmuclei was observed, indicating that the labeled
material leaving the donor muclei was probably pelymcleotide in nature,
if not umodified REA itself, An additional proof that phosphate does
not leave the donor nuclei is the fact that after transfer is completed,
all the radioactivity of the cell can be removed by treatment with RNA-zse.
If phosphate had been transferred, it would have also lsbeled phosphow



wllin

proteins which would not be remcved by incubation with RNAe-ase

Goldstein and Micou (67) further showed that in human smnion
c¢ells, ali labeled REA -oves/frtvn the nucleus to the cytoplasm within
2l hours as a complex polymucleotide structure which they believe to be
only slightly altered on passage to the cytoplasme

Schneider (1lk) showed that radiocactive RMA is released to the
cytoplasm when isolated rat liver malei are incubated with an unlabled
cytoplasmic fractien in vitro. Logan and Smellie (115) have also found
that, in a rat liver hemogenate, transfer of RNA from the cytoplasm te
the micleus is a possibility.

Hewever, several workers (116, 76) do not accept the cemcept of
transfer of n<RHA to the cytoplasm since they feel that the evidence
for this transfer is not conclusive. Kay et al.(116) suggested that the
existence of Y=RNA in the cytoplasm may only be due to the breaking ef
some muclei during hemogenization, Im sdditien, muclear RNA may leak
out ef the muclei during hamogenization and msy be absorbed on some fraction
which it is nermally not associated with in the living organism.

In view of the experimental date discussed above it appears
evident that in Amoebae and other systems such as hwan amion cells and
liver homogensbes there is a definite transfer of RNA from the mucleus
to the cytoplasme However, clear cut proof of such transfer in higher
animals in vivo has not yet been publisheds Thus, the relatien between
the nRNA and c-RNk in vivo is still not clears
Smmarys |

It is desirable at this point to consider the scheme of events
in the transfer of genetic information from the mueleus to the cytoplasm
and te point out which steps are established and which steps require
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further investigation:

Precu;sors
DHA transfer = —Amino Acids
| across v
Precursors. VY >neRNA- - - - ~->c=RNA
nuclear d
membrane Proteins

The role of DRA in the biosyntheais of n-m is far from clear
sinee in most caaes s NO m requirement can be shown for this step.r
This: question is censid.ere@. in detail in the next section.

Nuclear synthesis of RNA can be demonstrated in almost all systems
studied. ﬁmever, the exact intra-muclear site of n-RNA synthesis is
not exactly known. Three theories suggested were:

1. n-BNA is synthesized in the mucleolus

2, n-ENA is synthesized on the chromosomes and rapidly transported.

3. n-BNA 1s synthesized in the micleclus and on the chramosomes.

independently. After synthesis s mucleolar RNA is transported
to the chromogomes.

From the data presented, it is evident that some n-RNA is trans-
ferred to the cytoplasm in Amoebs proteus. In addition, results were
discussed above which clearly showed that RNA is synthesized independently
in the cytoplasm even if the transfer of n-RNA from the nucleus to the
cytoplasm does occure 7 ,

The relatien between protein synthesis and RNA is well established
since RNA is necessary for the synthesis of proteins. It is also fairly
well established that for every protein & specific RHA exists in the
cytoplasm.

Thus, the whole scheme shown above is far from proved, particular=
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ly the role of D¥A in RMA synthesis and the transfer of n-RNA from the
nucleus to the cy*:;eplasm“require' considerable further investigatien.
The experiments described in this thesis were undertaken to extend

knowledge of the role of the PNA in the synthesis of nuclear RNA.
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ADDITIONAL RECENT FINDINGS

Krakow and Kammen (195) showed that one of the fractions isolated from
disrupted nuclei of calf thymus is capable of incorporating ribonucleotides
end deomibomcleotidesrintro non-dialyzable acid insoluble material. Bm-ase
only slightly inhibited the incorporation of both nucleotides while pancre;atic'
DNA-ase strongly inhibited the ihcorporé.tion of these nucleotides. Treatment
of the resulting material with micrococcal DNA-ase and spleen diesterase inciicate& :
thé,t large percenta.ge"orfr the incorporation of radicactive precursors into 'nuclear/
fraction is terminal. 7

Hurwitz et al.(196) have separated an enzyme fraction from E. ggl._:g_ cells
which is capable of incorporating radioactive UMP into polyribonucleotides. The
incorporation requires the presence of the four nucleoside triphosphates (erp, aATP,
CTP and UTP) all of which were incorporated into polyribomuclectides which were |
found to ,haw're the pro'pertiesr of RNA, In é.ddition, the incorporétion requires the
presence of DNA which could not be replacéd by RNA since no radioactivity was
detected in RNA when DNA was replaced by E. €oli RFA in the system. DNA-ase and
m-ase treatment of the suspension mixture strongly inhibit the incorporation of
cl4-me into RNA.

In an independent work Stevens (197) showed that in an Venzymer system of cell
fractions of E._Coli. extracts adenine ribomucleotide from radioactive ATP is in-
' comoré,ted into an RNA fractién which is similar e insedimentation properties to
the small 'ribor#zcleopretein particles. This enzyme system requires the presence
of oTe, D‘I‘P end CTP. When DNA-ase and RNA-ase were added to thé system the iné'
corporation into RNA fraction was inhibited by 100%. Stevens also demonstrated
that the incorporation of AMP is more than 90% into intermucleotide linkage in

the RNA fraction.
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Similarly, Weiss (198} have demonstrated that in an enzyme system of rat
hver, cytidine P3 -P-P is incorporated into & material which was identlfled
as RHA and that the incorporation requires the presence of all four tnpho*.tes.

He also showed that incorporation has taken place throughout the entire poly-
nucleotide chain rather than at the end of the chain., Preincubation of the enzyme
system with low concentrations of DNA-ase completely inactivates the system.

However, the way DNA affects the incorporation of radioactive precursors into
RNA in the systems discussed above waé not clear to the workers themselves who
demonstrated this effect.

Recently, Furth et al. (199) after succeeding in purifying the enzyme
responsible for RNA synthesis from E. §oli proved that RNA synthesis is completely
dependent on the addition of DNA to the system. They also showed that RNA synthesis
and the different requireﬁents for this synthesis depend on the nature of DNA added
as an inducer. For example, the four nncleoside triphosphates are required and all
are incorporated into the product when thymus DNA is added. While only ATP is re-
quired and it is the only mucleoside triphosphate that is utilized for RNA synthesis
when Poly T is added. Furthermore, the enzyme system does not need any RNA “primer"
and the ad&ition of RNA-ase d'oes not affect AMP incorporation when Poly T is ‘used
as an inducer while DNA-ase addition does inhibit the incorporation.

It may be seen from the esbove discussion that DNA plays an important role in
RNA synthesis of an enzyme system isolated from either E. @oli or rat liver homogenate
However, it is not yet well understood whether DNA is the only specific substance
that controls RNA synthesis or whether any DNA-like substance might control RNA

synthesis.
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RADIOACTIVE - PRECURSORS INTO RIBONUCLEIC ACID
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EFFECT OF DNA-ASE ON THE INCORPORATION OF RADIOACTIVE PRECURSORS

INTO RIBONUCLEIC ACID

It has been proposed that RNA carries gemetic specificity from DNA
of the chromosomal gene to sites of protein synthesis in the cytoplasm
(56, 24, 109, 58).

The requirement of RNA for protein synthesis (45, 46, 9) is well
established. However, little is yet known of the relation of DNA to RNA
synthesis., It 1s possible to study this relation by gradually removing
DHA from the nucleus with DNA-ase and determining the change in the rate
of incorporétion of a radioactive precursor (adenine or orotic acid) into
nuclear and cytoplasmic RNA,

Although several authors have made similar studies (117, 118, 119, 120,
20, 121) (See discussion section} no one has attempted to accurately correlate
the extent of DNA removel with the rate of incorporation of precursors into
RNA., Similarly, no major studies have been made of the effect of DNA-ase on
the incorporation of precursors into specific fractions of RNA, This investi-

gation was designed to study these matters in considerable detail.
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EXPERIMENTAL

Materials: Rats were supplied by Tierzuchterei Brunger (Halle, Westfalen,
Germany). The non-crystalline lyophiled and L x-crystalline DNA-ase and

highly polymerized DNA were supplied by Worthington Biochemi§a1 Corporation
(Freehold, New Jersey). Adenine sulphate-8~cl4 Hemihydrate (specific activity:
26.2 microcuries/mg.) was supplied by the Radiochemical Centre {(Amersham,
England). Orotic acid-6-ct4 hydrate (specific activity: l.lSch:/uM) waé supplied
by Tracer lab. |

Incubation of Homogenates and Isolation of Kucleic Acids: Adult female rats

were sacrificed and a 20% homogenate of the excised liver in 0.25 M sucrose
was prepared. Aliquots of the homogenate were transferred to 50 ml.-erlenmyer
flasks containing an equal volume of the following solution: succinate (0.006 M)
pyruvate (0.02 M), glutamate (0.02 M), phosphate buffer, PH 7.4 (0.02 M),
magnesium chloride (o.ooé M), niacin (0.01 M), ATP (o.éooe M), fructose

(0,012 M), orotic acid-6-Cl* (0.5 microcuries/ml.) or adenine-8-C4 (1.2
microcuries/ml.), and sucrose (0.25 M), Different concentrations of DiA-ase
were added to each flask depending on the experiment. The mixture was in-
cubated by shaking in & water bath at 30° C for 45 minutes and nucleic acids
were isolated using the procedure of Schneider (114), which is briefly out-
lined below.

After incubation, the flasks were chilled in ice and the incubation
mixtures were transferred tt; plastic tubes, rehomogenized with a plastic
pestle to break up clumps formed during incubation, and then centrifuged
at 600 x g, for 10 minutes in a refrigerated centrifuge to sediment the
mucleis The nuclear pellet was resuspended in 0.25 M sucrose by homo-
genization and was underlayered with 0.34 M sucrose (122, 123). The
resuspension was again centrifuged at 600 x g. for 10 mimutes and the

supernatant was combined with the first cytoplesmic fraction. The
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cytoplasmic and muclear fractions were precipitated at 0° with enough
perchloric acid (PCA) to give a final concentration of 0.3 N PCA, and

the precipitate was washed twice with 0.3 N PCA at 0° C. The precipitate

was suspended in 3 ml. of 10% NaCl and the pH was adjusted to 7.2 {phenol
red). The NaCl suspensions were heated at 100° ¢ for 20 minutes to extract
nucleic acids as the sodium salt and the sodium nucleates were precipitated
from the extract by the mddition of 95% ethanol. The resulting Precipitate
was sedimented by centrifugation and then resuspended in a 3:1 alcoholsether
mixture, heated at about 50o C for 15 minutes to extract lipids, and centrifuged.
Excess alcohol was removed from the tube and the precipitate by brief heating
in a water bath at 100° C (Drying was avoided). The pellet was then dissolved
in 1 ml, of 0.1 N NH#OH and aliquots were used for measuring the radioactivity
and RNA content. RNA content was determined by the orcinol method (124} with

arabinose as a standard.

Incubation of Isolated Nuclei with DNA-ase: After preparing a 20% rat liver

homogenate at 0°, 6 ml. aliquots were transferred into test tubes and centrifuged
at 600 x g for 10 mimtes at 0° C. The cytoplasmic fractions were kept in
centrifuge tubes in the cold end eech nuclear pellet was resuspended in 1 ml,

of en incubation mixture containing 0.04 M magnesium chloride, 0.02 M phosphate
buffer (PH 7), and DNA-ase of various concentrations depending on the experiment.
The nuclei plus cofactors and DNA-ase were incubated in & water bath at 300 c
for 20 minutes, centrifuged at 600 x g. for 10 minutes, and the supernatants
were discarded. The nuclei were then recombined with the corresponding cyto=
plasmic fractions and 2.5 ml. aliquots of these reconstituted homogenstes were
used for the standard incubation procedure described above,

Determination of DNA Content: After incubation of the muclei with DNA-ase,

2.5 ml, aliquots of the reconstituted homogenate were transferred to glass

tubes and centrifuged at 600 x g. for 10 minutes to reisolate the nuclei.

The supernatant was discarded. The nuclear pellet was precipitated with



jce cold 5% TCA, washed twice with 5% TCA at 0° C, and centrifuged at
highest speed to remove most of the TCA from the tissues. /DHA was then
extracted with 1.3 mle 5% TCA at 90° C for 15 mimutes, centrifuged, and
the supernatants were collected. DKA centent was determined by a modified

Dische reaction {124) using highly polymerized DNA as a standard.



RESULTS

In order to examine the effect of DNA-ase on the incorporation or
orotic acid-6-C*4 into miclear and cytoplasmic ENA, nonecrystelline
DNA-age was incubated with whole rat liver homogenates using the standard
incubation procedure (see text). It may be seen from Figure I that
although fairly high concentrations of DNA-ase were used, the iﬁdioactivity
of ENA wes not significantly decreased. It seemed unlikely that absence
of inhibition was due to low DNA-ase concentration since other workers have
used lower DNA-ase concentrations to remove most of DNA (121). Spiegelman

‘(125) believes that DNA-ase may not easily diffuse through the nuclear
membrane of the oelis and this may be a serious hinderance to the activity
of DNA-ase.

In an attempt to overcome this difficulty, rat liver homogenates were
preincubated with DNA-ase at 0° C for 3 hours prior to incubation with radio-
active precursors. It was thought that preincubation might give the enzyme
time to diffuse through the miclear membrane without affecting the activity
of the cells themeelves. However, in Figuré 1I, it is clear that the
specific activities of n~RNA and c~ENA were found to be elmost una(fected
by high DNA-ese concentrations even though whole homogenates were pre-
incubated with DNA-ase at 0° ¢ for 3 hours before addition of radiocactive
precursor.

Since preincubation with DNA-ase at O° failed to inhibit the in-
corporation of radioactive orotic acid into RNA, it seemed desirable to
try preincubation at higher temperatures. This might possibly permit
faster and more complete diffusion of DRA-ase through the nuclear membrane,
as well as permitting the enzyme to act on DNA. But, before using the
enzyme &t higher temperatures, optimum conditions for the incubation hed
to be determined, since preincubation at eleveted temperatures ig known to

be detrimental to the incorporation of precursors into cells (126).
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‘In an experiment designed to test the new coxﬁitions, homogenates were
preincubated at 300 C for different intervals of time before addition
of orotic acid-6-cl4. The results are presented in Figure III, where
it may be seen that homogenates may not be preincubated at 30° ¢ for
more than 30 minutes, since the specific activity of RNA drops suddenly
to low values after that time, '

In Figure IV, preincubation at 50° for 30 minutes with crude DNA-ase
significantly inhibited incorporation of orotic acid-6~cl4 into ERA. It was
hoped that even more removal of DNA and therefore even more inhibition
might be obtained by adding MgCl, during the preincubation, since it is
well establiéhredrthat high Mg'H' is necessary for the maximum action of
DNA-ase (127). In addition, it seemed desirable to begin using crystalliﬁe
DNA-ase at this point,

The first preincubation experiment with crystalline DNA-ase in
presence of Kg012 failed to produce any incorporation of radicactivity
inf.o RNA. Since the time and temperature of preincubation were identical
to the previous experiment of Figure III, it was felt that the magnesium
ions had inhibited the incorporation. It is known from the work of Schneider
(126) that magnesium ions do inhibit incorporation of precursors into RNA.

It was therefore desire;ble to determine optimum conditions for the incorpore

~ ation of orotic acid-6-014 into RNA as a function of preincubation time in

the presence of different ﬁgClz concentrations.fs shown in Figure V, the
specific activity reaches a maximum within the first 10 minutes and then
'decr,ea.seé until it reaches almost zero at the end of 45 minutes, regardless

of whether the MgCl2 concentration is 0.003 M or 0.006 M, |

Using a 15 minute preincubation time and the higher magnesium concentration
(0.006 M), it was found {see Figure VI) that increasing amounts of crystalline |
DRA-ase at low concentrations slightly stimulé.ted rather than inhibited ir;-’r '
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corporation. This indicates that the drop in the specific activity
of RNA in Figure IV where non-crystalline DNA-ase was employed, was
probably due to impurities or to some unknown contaminants in the
cofactor and substrate solutions rather than to DNA-ase activity.
Sekiguchi and Sibatani (120) also abserved that DNA-ase differs from
one batch to another in terms of the effect on the incorporation of
redioactive precursors.

Since preincubation with crystelline DNA=ase at these low levels
had no inhibitoi'y effect on incorporation (Figure VI) it seemed desirable
to double the concentration and to prove that DNA was actually being
destroyeds In Figure VII, it can be seen that removal of 45% of the
DNA by doubling the concentration of crystalline DNA-ase gave no in-
hibition of incorporation.

After failing to observe any effect of DHA-ase on the specific
activit‘ies of cytoplasmic and nuclear RNA in whole homogenates, DNA-ase
was incubated with isolated muclei so that higher concentrations of DNA-
agse could be used, the PNA-ase could act directly on the nuclei, and the
concentration of MgCl, could be increased to optimum levels for DNA-ase
sction without inhibiting subsequent incorporation.

It is known that the optimum concentration of M3012 for DNA-ase is
0.04 M (127). However, magnesium at this high conce;xtration is known to
inhibit the incorporation of radioactive precursors into RNA (126). 1t
was therefore necessary to determine whether incubating nuclei with 0,04 M
magnesium would affect the subsequent incorporation of precursors into ENA.

Nuclei isolated from rat liver homogenates were preincubated with
MgC12 for different lengths of time and nmuclei were then recombined with

cytoplasmic fractions. The reconstituted homogenates were incubated with
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orotic acid-6-C'4 as shown in Figure VIIL. It is clear from the results
of two separate experiments that after a slight apperent initisl lag,
magnesium stimilated incorporation, reaching a maximum at 20 minutes.
Longer incubatiqns’resulted in significent inhibition of incorperation
ﬁmo n-RNA but affected incorporation into c-RNA to s much less extent.

Using the 20 minutes incubation time that appeared to give meximum
incorporation, ugclz concentration was varied. The results are shown
in Figure IX, ihere it msy be seen that maximum incorporation was o@-r
tained with 0.04 M MgCl, for 20 mimtes. Above this concentration the
, specific activity of the n-RNA decreases while the specific activity of
the c~RNA remains almost unchanged. These results indicated that optimnn
incorporation should be obtained if isolated muclei were preincubated with
crystalline DNA-sse in & solution containing 0.04 M MgCl, at 30°C for 20
minutes. Isolated muclei were pﬁeincubated undef these conditions prior
to recombination with the corresponding cytoplasmic fractions to form
*reconstituted homogenstes®,

It may be seen from Table I, that preincubation with c&ystalline
DHA-ase at a concentration of 2-3 mg./ml. removed as much "apparent DNA"
as was removed by 5 mg./ml. Even at this high concentration, it appeared
that 25% of the "apparent DNA" could not be removed. This fact will be
discussed in detail laten

It is also seen that in all three experiments, the removal of 67~T6%
of "apparent DNA" reduced the radiocactivity of n-RNA by 12-18% and c-REA
by 38-40%., The percent inhibition of incorporation was not significantly
chenged by increasing the DNA-ase concentration from 2 to 4 mg./ml. and
2 to 5 mg./ml. in experiments II and III of Table I. However, in experi-
ment I, increasing the crystalline DNA-ase concentration from 2 to 5 mg./ml.

caused the percent inhibition of precursor incorporation to increase from
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14% to 51% and from 38% to 68% for n-RNA and c~RNA respectively. It

is clear that this inhibition in experiment I is not caused by DNA-ase
itself since the decrease in radioactivity on the addition of more DNA-
ase was not observed in experiments II and III, where a different batch
of DNA-ase was used, Instead, some unknown inhibitors of incorporation
must have been present in the first batch of crystalline DNA-ase used in
experiment I. Sekiguchi and Sibatani (120) have also mentioned that
batches of DNA-ase differ distinctly in their effect on the incorporation,

The results of Table I are plotted on Figure X along with additionel
© dats obtainéd in same experiments. The slight inhibition of incorporation
into n-RNA obtained by removing all DNA-ase-labile material is hardly
apparent in two of the curves (representing experiments II and IIT of the
Table I).

Tt should be pointed out that the incorporation of sdenine-8-C4 into
n=RNA is slightly stimulated by 0.5 mg./ml. of DNA-ase a&s shown in Figure
X. This stimulation of incorporation by low concentrations of DNA-ase may
be due to the release of some RNA as a result of the action of DNA-ase in
destroying the integrity of the chromosomes. The released RNA might be more
active in incorporating radioactive precursors than the bound RNA.

The amount of RNA in the nuclear and cytcplasmic fractions were determined
during the experiments presented in Figure X. It may be seen from Figure XI
that the increase in the amount of muclear RNA is inversely proportional to
the amount of DNA removed by DNA-ase. In addition, an increase in the amount
of n-RNA is accompanied by a corresponding decrease in the amount of c-RNA,

while the total RNA of the two fractions remains nearly equal.
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DISCUSSION

Work during the last few years has helped in understanding the
possible biochemical role of DNA in muclear RNA synthesis. The question
is, however, far from settled as the following discussion will indicate.

Sekiguchi and Sibatani (119, 120} studied the role of DNA in two
separate experiments. When isolated nuclei of rabbit appendix were
incubated with P521n sucrose Tyrode medium, P3 2 was incorporated into |
DNA; RNA and the orgenic swid-soluble phosphorus fraction (see Table II).
They shcwed that removal of 70% of the I)NA-aée almost complétely abolished
incorporation of sz into RRA,

In addition, Allfrey et al. (20) briefly stated that removal of 60-80%
DNA from an unspecified tissue decreased the specific activity of RNA by
93%. In another experiment, Allfrey and Mirsky (121) showed that in isolated
mclei of calf thymms tissue, the removal of at least 60% of the DNA by DNA-
ase inhibits incorporation of adenine-8-C'4 into n-RNA by 60%. They further
demonstrated that the addition of DNA, RNA or polyanions (anch as polyethylene
sulfonates, heparin and chondroitin sulfate), will restore the ability of
DNA-ase-treated muclei to incorporate radioactive precursors into proteins,
RNA and ATP. It was possible to replace two - thrids of the DNA by any of
the mentioned polyanions without any apparent loss of ability to incorporate
radiocactive precursors into mucleic acids and proteins (121). Recently,
Sekiguchi and Sibatani (120) have confirmed this finding.

The addition of polycations could not restore the activity of DNA-ase-
treated muclei ayZO). On the contrary, polylysine inhibits the incorpor-
ation of amino acids into proteins in normal nuclei.

The effect of polyanions on the synthetic activity of normal cells was
independently interpreted by Sekiguchi and Sibatani (120) and Allfrey and
Mirsky (121) on the basis of the following theory: An acid-base balance

- exists ip animsl chromosomes. It consists of DNA as the acid component and



histones and protamines as basic proteins that neutralize DNA. These
basic proteins are believed to play a role in controlling chromosome
function by masking the negative charge of DNA which is directly related
to the biochemical activity of the chromosomes themselves. Removal of

DNA or addition of a polycation disturbs this neutrality balance and upsets
synthetic reactions of the nmuclei. Allfrey and Mirsky (128) velieve that
the ﬁrimary effect of this blockage is inhibition of ATP synthesis by the
micleus and that this defect prevents nucleic acid and protein synthesis.

Sekiguchi and Sibatani (120) suggest that DNA is not required for
the synthesis of n~RNA and that genetic information is transmitted from
DNA to n-RNA only indirectly through micromolecules other than DNA. This
assumption seems unjustified on the basis of the date they have presentede.
Although, polyanions must be present in these experiments for restoration
of the three fundamental activities of these isolated nuclei (ATP, RNA and
proteinvsynthesis), it is unlikely that DNA has no control over the sequence
of monomers in RNA. Instead, it is reasonable to assume that proteins and
RNA made in the absence of DNA are "nonsense molecules" or polymers contain-
ing no genetic info;mation,

In fact, Sekiguchi and Sibatani, themselves (120) and Allfrey and Mirsky
(121) agree that the restoration of the activity of DNA-ase treated nuclei
of animal cells by any non-specific polyanion does not exclude the specific
role of DNA in the incorporation of radioactive precursor since only 60-75%
of the DNA was removed by DNA-ase under the best conditions. It is therefore
possible that this residual, DNA-ase~resistant 'DNA' controls protein and
RNA synthesis after DNA-ase treatmeﬁt.

Thus, it is evident from the work of Sekiguchi and Sibatani (120} end
Allfrey and Mirsky (R4} that in isolated nuclei, DNA-ase does decrease in-
corporation of precursors into RNA. A contrary report has also appeared.

Weiss and Gladstone (117) found that DNA-ase slightly depresses the incorpor=-
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ation of cy'(::'.d.:i.ne--?3 2_p-P into RNA in nuclei isolated from a 20% rat
liver hdmogenate.

Using bacterial systems, Spiegelman (125) showed that in lysed
protoplasts of B. megatherium, removal of DNA does not abolish the
synthesis of DNA, RNA or protein. This finding was further confirmed
by Otsuji and Takagi (129) with lysed protoplasts of E. Coli. It is
possible to interpret the ‘results obtained in these bacterial cells
gystems on the basis of the neutrality balance theory which was dis-
cussed befores DNA in bacterial cells, unlike animal cells, is complexed
with polyamines of relatively low molecular weight (130). When DNA is
removed, these low molecular weight amines may be lost from the protoplast
without causing any msjor disturbance in neutrality balance, Therefore,
synthesis of n-RNA can continue in bacteria and there is no necessity to
add polyanions.

In the present experiments, the effect of DNA-ase on precursor ine-
corporation into RNA was studied in whole homogenates. The results, dis-
cussed in the previous section, showed that complete removel of DNA did
not inhibit incorporation of radioactive adenine into n-RNA more than 18%.
Incorporation into c-RNA was inhibited to the extent of 40%. These levels
of inhibition tend to agree with the inhibition (24%) noted by Weiss and
Gladstone (117) and fall between the absence of marked inhibition noted
by Spiegelman (125}, and the large inhibitions noted by Sekiguchi and
Sibatani (120) and Allfrey and Mirsky (121}, (almost 100% and 60% respectively).

It may be seen from Table I that DNA-ase inhibits the incorporation of
adenine-8-C'4 into cytoplesmic RNA, although it was expected that DNA-ase
would specifically affect only the incorporation of precursors into miclear
RNA. In fact, the inhibition of incorporation of adenine-8-014 into cyto-
plasmic RNA was greater than the inhibition observed for nuclear RNA at any

given DNA-ase concentration.
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The decrease in the specific activity of c-RNA can be explained
if it is assumed that n-RNA is independently synthesized on the mucleoli
and the chromosomes (75) and thet only the RNA synthesized in one of these
fractions is inhibited by DNA removal., If the fraction inhibited by DNA-
ase is the same fraction that is normally released to the cytoplesm during
incubation, the decrease in the specific activity of c-RNA would be observed.

However, the greater apparent inhibition of precursor incorporation
into ¢=RNA than into m-RNA may also be due to a change in the relative
amounts of c-RNA and n-RNA as a function of DNA-ase concentration. As
explained below, it is clear from Figure XI that c~RNA becomes assogviated
with the muclear fraction at higher concentrations of DNA-ase. Schneider
(131) demonstrated that in a rat liver homogenate, the supernatant RNA
has a higher specific activity than all the other fractions of cytoplasmic
RNA, If this fraction is the one that becomes associated with the mucleus
it will cause an increase in the specific activity of n-RNA and a decrease
in the specific activity of c-RNA. This might explain why the specifiec
-activity of c-RNA is s0 markedly lowered by DNA-ase.

The change in amounts of n-~RNA and c-RNA noted in Figure XI may be
due to a disiurbance in the neutrality balance of the nuclei, since the
removal of DNA by DNA-ase sets free the basic proteins, histones and
protamines. As mentioned before, Sekiguchi and Sibatani (120} believe
that this disturbance of neutrality balance results in the inhibition of
ATP synthesis in isolated nuclei. As a result, the lack of ATP prevents
incorporation of radioactive precursors into proteins and RNA., In additionm,
as mentioned before, Allfrey and Mirsky (121) have demonstrated that in
isolated nuclei of calf thymus, the addition of polysmions restores the

incorporation of precursors into protein, RNA and ATP.
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These workers demonstrated a requirement for polyenions in their systems
of isolated nuclel before RNA synthesis woqld occur after DNA-ase treatment.

However, in thevpresent experiments with reconstituted homogenates the
incorporation of a.denine-B-Cl4 into n-RNA was not significantly inhibited,
although 67-76% of DNA was removed by DNA-ase as shown in Figure X. ‘This
failure of DNA removal to inhibit incorporation even without the addition
of any polyanion can be explained if it is assumed that some polyanionic
substance, contributed by the cytoplasm of the "reconstituted homogenate",
becomes bound to the basic proteins of the nucleus and neutralizes them.
One available polyanion in the "recomnstituted homogenates" would be cyto-
plasmic RNA,

An indication that RNA becomes associated with nuclei after DNA-ase
treatment is furnished by Salganik«gg_gl. (118) who showed that when RNA
is added to DNA-ase-treated nuclei of calf thymus, the nuclear RNA is in=-
creased to levels 2.7-4.4 times higher than the initial RNA content of nuclei.

The data shown in Figure XI where the amount of n-RNA increases and the
amount of c-RNA decreases after DNA-ase treatment can best be explained in
terms of the binding of c~RNA to basic nuclear proteins as described above.
If the highly radioactive supernatant fraction of c-RNA is selectively bound
to the nuclei, then an increase in the specific activity of n-RNA and a
decrease in the specific activity of c-RNA would be observed. Thus, this
would explain the apparent lowering of c-RNA specific activity noted when
DNA-ase concentrations are increased.

The amount of DNA replaced by RNA was not more than 38% of the DNA
removed. However, this low percent replacement might be dur to the fact
that other anionic substances in the system may neutralize a part of the

basic proteins.
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Regardlefs. of whether the c-RNA becomes associated with the nuclear
fraction by the mechanism just postulated or not, it is clear from the
results of Figure XI that such association does occure This finding has
serious consequences when interpreting the effect of DNA-ase on’the ine-
corporation of precursors into RNA. It is not possible, if binding occurs,
to determine the relative amount of radioactivity incorporated by the RHA
originally present in the nuclei and the amount incorporated by the cyto=-
plasmic RNA which becomes bound to the nuclei. For exapple, removal of
DHA might possibly result in a complete inhibition of precursor incorpor-
ation by the RNA originally in the nucleus. All the radioactivity observed
as "apparent nuclear RNA" would then be dur to incorporation by cytoplasmic
RNA that becomes associated with the nuclear fraction. Thus, it is difficult
to prove that DNA is not required for the synthesis of n-RNA on the basis of
the data presented in Figure X.

An éven stronger reason why the data of Figure X do not prove that DNA
is not required for n-RNA synthesis is that incorporation of precursors in
vitro does not necessarily represent synthesis.

Heidelberger et al (132) demonstrated that when adenosine-S-P32 was in-
cubated with the cytoplasmic fraction isolated from a 0,25 M sucrose homo=-
genate of rat liver, the label appeared in RNA. When this RNA was hydrolyzed
with diesterase which is known to give S5-mononucleotides on cleavage, the
radiocactivity was found almost entirely in adenosine~5'-phosphate. In addition,
when the same RNA sample was hydrolyzed with alkali, the radioactivity was found
mainly in 2'- and 3'-cytidylic acid. From these data they have concluded that
5f-mononucleotides are incorporated into RNA without the loss of their phos-
phorus and adenosine is almost always adjacent to cytidine in the case of the

RRA formed by the specific system used.
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Cenellakis (133) also showed that when doubly labeled adenosine tri-
phosphate (Adenine-8-014-ribose-P32-P-P) is incubated with a mammalian
enzyme system (a dialyzed extract of an acetone powder prepared from the
soluble cytoplasmic fraction of rat liver) and when the resulting RNA was
hydrolyzed in alkali the radioactive phosphorus was found in 2'~ or 3'-
vcwtidylic acid and the labeled carbon in adenosine-8-014. Canellsakis
concluded that in mammalian systems, AMP is only incorporated into RNA or
"RNA-like material" through terminal attachment b& an internucleotide lin-
kage to & cytidylic acid unit on the end of the nucleotide chain. Further-
more, the enzyme system involved in this reaction is specific for the attach-
ment of AMP ekclusively to a terminal cytidylic acid of RNA. Zamecnik et al
(134) also studied the incorporation of AMP32 into RNA of whole rat liver
homogenate and their results were in agreement with the work of Canellakis (133).

However, other workers (135, 136) demonstréted that when RNA is labeled
with orotic acid-6-c14 using a rat liver cytoplasmic fraction, the radioactivity
after alkaline hydrolysis was found entirely in entirely in 2'- and 3'-uridine~P.
This indicates that orotic acid is incorporated into the inner part of the chain
since uridine would be the main product if orotic acid was incorporated only
into the terminal position of RNA molecule.

It is probable that the incorporation of adenine-B-C14 into RNA in the
present work is of the type discussed by Canellakis (133} and Heidelberger
et al. (132) who used the same precursor.

Thus, even if association of c-BNA with the nuclear did not occur, the
results of Figure X could not be taken as a proof that DNA has no effect on
the synthesis of n-RNA since the experimental data give information only about
the effect of DNA-ase on the incorporation of a radioactive precursor into RNA
rather than RNA synthesis itself., Since incorporation in the present experi-
ments is probably terminal and involves either an exchange reaction or direct

attachment of a radioactives nucleotide to the end of the chain, such incorpor-
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ation is not necessarily related to synthesis of RNA.

The present experiments shed some light on the effect of DNA-ase on
the incorporation of radioactive precursors into RNA. However, the role
of DNA in the synthesis of nuclear RNA is still far from settled and new
experimental approaches are obviously required in order to make definite

progress in the elucidation of this problem.
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SUMMARY

Nuclei isolated from 20% rat liver homogenstes were incubated with
crystalline DNA-ase at 30° C for 20 mimutes. Not more than 66-76%

of total "apparent DNA" (diphenylamine reaction) could be removed

by DNA-ase. |

When the DHA-ase-treated nuclei were recombined with the cytoplasmic
fractions and incubated with adenine-8-014, the specific activities

of c-RNA and n-RNA in these reconstituted homogenates were decreased
by 38-40% and 10-16% respectively by the removal of 66-76% of apparent
DNA.

Failure to observe a large inhibition of the incorporation of radio-
active adenine into n~-RNA after DNA removal does not prove that DNA

is not required for n-RNA synthesis.

Low concentrations of DNA-ase very slightly stimulate the incorpor-
gtion of raedioactive precursors into n-RNA.

The amount of n-RNA decreases and the amount of c-RNA increases during
incubation of "reconstituted homogenates" when isolated nuclei are pre=-

incubated with crystalline DNA-ase,



~36m

PART II

THE NATURE OF THE DNA-ASE RESISTANT

DIPHENYLAMINE CHROMOGEN
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THE NATURE OF THE DNA-ASE RESISTANT
DIPHENYLAMINE CHROMOGEN

It was shown in previous section that only 66-76% of "apparent DNA®
(as determined by the diphenylamine (DPA) reaction) could be removed by
DNA-ase, since the TCA extract of nucléi after DNA-ase treatment contained
& chromogen which reacted with TPA,

) Several other workers (120, 121, 118) have showed that a maximum of
60~-80% of DNA in rabbit appendix and calf thymus nuclei can be removed by
crystalline DNA-ase. Apparently they have assumed that the material re-
maining after DNA-ase treatment is DNA. For example, Sekiguchi and Sibatani
(120) describe the remaining material as "the DNA remaining after DNA-ase
treatment",

It is believed that this assumption is invalid and proof is presented
in this section that there is no DNA remaining after treatment of the nuclei
with DNA-ase. Instead, the data suggest that a2 new type of mucleic acid

which produces & color with DPA is present.
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EXPERIMENTAL

The procedure followed in the present experiments and described in
this section was identical to the procedure used in the previous section.
Nuclei isolated by centrifugation from 20% rat liver homogenates were inw
cubated with crystalline DNA-ase in a solution containing 0,04 M MgCl2 and
0,02 M phosphate buffer (PH 7} at 300 C for 20 minutes. The suspension.
mixture was then centrifuged at 0° C and the supernatant was discarded.

The resulting tissue was precipitated once with 5% TCA, washed three
times with 5% TCA at 0° C, and then heated with 5% TCA at 90° C for 15
mimites. This TCA extract was used for 8ll purposes of study in the present
experiments, and it is referred to as the "I'CA extract of the DPA chromogen,

or simply as the "DPA chromogen" since it has only been studied in TCA extracts.
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RESULTS AND DISCUSSION

Existence of the DPA Chromogen: After complete removal of DNA from

nuclei with crystalline DNA-ase, a DPA chromogen still remained in the

nuclei and could be extracted with hot 5% TCA from the tissues. The first
evidence that is DPA chromogen was not DNA was the distinct difference in
colors produced by pure DNA and the chromogen in the DPA reaction. The
chromogen reacts with DPA to give a purple~violet color having a spectrum

and absorption maximum different from the blue color obtained when pure DNA

is heated with DPA (see Figure XII}.

. "PNA has an absorption maximum at 600 millimicrons while the DPA chromogen
hé,s an absorption maximum at 560 millimicrons. This difference was enough to
stimmlate a detailed investigation of the nature of this fraction.

Mechanism of Action of DNA-ase: It was initially thought that in spite

of the shift in the spectrum noted above, the DPA chromogen represented a type

of DNA-ase-resistant DNA or a degradation product of DNA. Therefors, the

literature on the mechanism of action of DNA-ase was reviewed and a brief

summary of the information obtained is presented below. 7
Studies of the hydrolytic action of RNA~ase and DNA-ese on mucleic acids

have led many workers to favour the existence of a M"limit nucleotide" (137, 138)

or core (139, 140). Kerr (140} definitely proved the existence of a core that

could not be hydrolyzed by RNA-ase. The nature of this residue or "limit

polynucleotide™ was studied by many workers. Markham and Smith (141) end Volkin

and Cohn (142) succeeded in separating the simpler components of this residue

by ionophoresis and column chromatography respectively. They are unbranched

di-, tri- and tetra nucleotides of different composition each having one pyrimidine

nucleqtide group per molecule and they are undiolyzable against water (143).

But Markham and Smith (141) proved that the diffusibility of these oligomucleotides

was increased when dyalized agsinst solutions of high NaCl concentration.
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The degradation of RNA by RNA-ase is very similar to the action of
DNA-ase on DNA. Laskowski (144) and McCarty (145) succeeded in purifying
DNA-ase from the pancreas and proving its specificity for DNA. It does
not have any effect on RNA or any ribopolynucleotides. Tamm et al (146)
have shown that the degree of DNA polymerization does not effect the rate
and the extent of the activity of DNA-ase. However, it has been shown that
the action of this enzyme is greatly deminished by the partisl or total
removal of purine group from DNA molecﬁle (147, 146). The fact that apurinic
acid {DNA treated with acid to remove all purines} (148, 149, 150} is completely
registant to the action of DNA-ase very clearly demonstrated the purine group
requirement for the activity of DNA-ase,

Recently, Cohn {151) has shown that apurinic acid can easily be hydrolyzed
by alkali and be proposed a mechanism for this hydrolysis. In each apurinated
residue, the free 4:-hydrosqr1 resulting from the rupture of the furanose ring
permits cyclization of the phosphaj:e group with the new hydroxyl group. The
degradation products of the above reaction would be cyclic 3'- and 4'- or 4'-
and 5'= nucleotides as shown by Jones (152}

Overend et a1 (153) have demonstrated that DNA-ase degrades DNA into
diffusible products of various molecular weights (153). Pyrimidine mucleotide
groups were seemingly released preferentially, leaving a DNA-ase~resistant,
purine rich residue. This result is very similar to the findings of Merrifield
and Woolley (154} in relation to the specific cleaving action of RNA~-ase on RNA.

Junger et al {155) have shown by the use of di-electric measurements that
the breakdown of DNA passes through four stages. The first stage of this
degradation is depolymerization or "disaggregation" of DNA, followed by splitting
to smaller fragments in the second stage. In the third stage the enzyme is
gtimulated by the degradation products. In the fourth stage dialyzable groups
appear. Varcauteren (156} has also studied the depolymerization of DNA and hss

suggested that it could not involve a rupture of internucleotide ester linkages
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on the basis of questionable data on the precipitation of DNA and hydrolysis
products with methylene blue.

It is obvious from the foregoing discussion that the study of DNA-ase
action is rather difficult due to the innumerable fragments ranging from
mononucleotides to polynucleotides (157) that are produced by enzymatic

| degradation.

Many workers have investigated the DNA-ase resistant polymucleotides
obtained from the enzymatic degradation of DNA (139, 153, 158-162). Poly-
micleotides obtaineé. from degradaetion of calf thymus nucleic acid had ratios
of adenine to guanine, thymine to cytosine, and purine to pyrimidine that were
higher than normal (143, 139). Iittle and Butler (163} have shown that the
enzymatic degradation products of DNA are, on the average, tetranucleotides,
On the other,hand, Gordon and Reichard (164) from an electrophoretic study of
the degradation products of DNA-ase, have demonstrated that the degradation
fragments are dimucleotides such as adenine-cytosine and tri-nucleotides such

as thymine and two cytosines.

Resistance of the DPA Chromogen to Hydrolysis by DNA-ase: In Figure X,
it may be seen that the amount of apparent DNA (dephenylamine reaction}
decreases to a constant level with increasing concentrations of DNA-ase,
After this level is reached at 2 mg. DNA-ase/ml., increasing the DNA-ase
concentration to 5 mg. of DNA-ase/ml. does not decrease the amount of
apparent DNA,

Recently, Hurst (165) has shown that pancreatic DNA-ase has two separate
actions, One is to degrade DNA molecules to oligomucleotides and the other is
to hydrolyze these oligonucleotides to smaller fragments. He proved that mtt
+ EDTA at pH 8, rather than the usual conditions of Mg'H' + phosphate buffer
a-t, PE 7 (146, 166) must be used in order to observe both actions of DNA-ase.

In the present experiment where only MgH was used, it was possible that
DNA hydrolysis might be incomplete. Since, Hurst (165) showed that Mn'' is

needed for full activity of DNA-ase, ¥n* was added to see if additional DPA
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chromogen could be removed. The results in Table III show that the amount

of DNA removed after ‘one 20 minute incubation with DNA-gse in Mg'H' + phosphate
buffer at pH 7 (samples 5 and 6) was more than that removed by one incubation
with DNA-ase in Mn' '+ EDTA at pH 8 (semples 9 and 10).

When the same tissues were reincubated agein under the same conditions
for the same length of time, the quantity of DNA remeining after in the
presence of Mgt 4+ PO 4 buffer at pH 7 (samples 7 and 8) remained unchanged.
However, after the second incubation in the presence of ¥n'" + EDIA at pH 8
(semples 11 and 12) the DNA decreased to the same minimum value obtained with
Mgt after the first incubation.

Cavalieri and Hatch (167) proved that DNA-ase activity is greatly inhibited
by the degradation products of DNA, Failure of DNA-ase to hydrolyze all the
DNA in the Mg'H' gystem cennot be due to this inhibition in the present experi-
ment since a second incubation after‘removing the first supernatant containing
the degradation products did not decrease the amount of apparent DNA as
discussed above.

Nature of DPA Chromogens: Many workers have investigated the colors

given with diphenylamine by different sugars. Deriaz et al (168} proved
that 2-deoxyribose groups of DNA are required for the color produced by DPA
reagent. Overend et al (169} also studied the reaction and proved that 2=
deoxyxylose gives a blue color having the same absorption maximum as DNHA.
3-deoxyxylose and 2, 3~deoxyxylose produce a blue color with DPA which develops
much slower than that produced with 2-deoxyribose (170)}. On the other hand,
arabinal produced a blue color with DPA having an absorption maximum identical
to 2-deoxyribose, but of different extinction coefficient (169).

It was shown by Mirsky (171) that when adenine and guanine deoxyribose
mcleotides react with DPA, they give a color which is twice that of the
equivalent amount of DNA. Dische (124) explained this by the fact that

p¥rimidine nucleotide groups do not show any significant color with the DPA
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reagent. He also showed that thymidylic acid gives a faint blue color with
an absorption maximum at 595 millimicrons and an extinction coefficient less
than one-gixtieth of that of DNA. This indicates that only purine nucleotides
react with DPA to give a color.

Substances that interfere with the DPA reaction: In the present experi-~

ments the TCA extraction method of Schneider (172) has been used for the
isolation of DNA from tissues. It was thought the DPA chromogen obtained in
the present experiments after removal of the DNA with DNA-ase could be &
contaminant since DPA gives color with many different substances other than
DNA such as, unknown protein substances (173} and lipid-soluble substances
in plants (174).

Barnum and Buseby (175) found that TCA extracts contain phospho-proteins
which react with DPA. Dische (124) relates that Pirie (173} found unknown
protein-~bound substances that gave a purple colof with DPA which has an
absorption maximum at 530 millimicrons-Lipid-soluble substances found in plants
gave a purple color having an absorption maximum at 560 millimicrons (174).
However, a literature search provided no evidence for the existence of these
latter lipid-soluble substances in animal tissues.

Finamore (176} proved the existence of a protein in the amphibian egs
that could be extracted by hot 5% TCA and that gave a color with DPA. This
protein could be precipitated out of the TCA extract by chilling at zero
degree:: for several hours. Attempts to remove the DPA chromogen from TCA
extracts by this method in our laboratory were unsuccessful. It may be seen
from Table IV that the amounts of DNA determined by the DPA reactions on
identical samples, with and without chilling for 20 hours at 0° C, were nearly
the same. In addition, the absorption maxime of all samples with and without

chilling were at 600 millimicrons.
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Glycogen and RNA are not responsible for the color of the DPA
chromogen, since when they were hydrolyzed with 5% TCA at 90° C fer
15 mimutes and when the resulting extract was tested with the DPA reagent,
neither substances produced any color.

The nature of the chromogen could be sugar other than 2-deoxyribose,
Therefore, a series of 18 locally availeble sugars (listed in Table V) was
reacted with DPA under the usual conditions by heating 1 ml. of the sample
(2 mg. sugar/ml.) and 2.5 ml. of the diphenylamine solution for 20 minutes
at 100o C in boiling water. Unfortunately, deoxysugars {other than rhammose
and fucose) were not available. |

Most of the sugars gave no color with diphenylamine. However, xylose,
arabinose and lyxose gave an extremely faint green color while ribose gave
a faint blue grey color. Levulose, sorbose and raffinose gave very deep blue
grey, clear blue and blue-green colors respectively,

None of these matched the color given by the DPA chromogen. It may be
seen from Figure XII, that pure DNA has a sharp absorption maximum at 600
millimicrons, The DPA chromogen, on the other hand, has a broad absorption
meximum extending from 550 to 570 millimicrons with the maximum at 560 milli-
microns the spectra of levulose, sorbose and reffinose after reaction with DPA
each had three slmost identical maxima with the extinction for each pesk decreas-
ing from levulose to sorbose to raffinose. These maxima were at about: 370, 520
end 645 millimicrons for levulose; 360, 520 and 655 millimicrons for reffinose.
Thus, the DPA chrdmogen with a single maximum at 560 millimicrons is clearly
none of these three sugars nor is it similar to the curve of pure DNA.

Proof of the Absence of Deoxyribose in the DPA Chromogen: It was possible

that the color given by the DPA chromogen was due to deoxyribose with some ime
purities that changéd the characteristic color of the sugar. The DPA chromogen

and pure DNA were heated with the Stumpf cysteine-HéSO4 reagent
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(177) and the absorption spectra were determined as shown in Figure XIII.
Pure DNA gave a pink color having an absorption maximum at 490 millimicroms,
~ while the DPA chromogen failed to produce any color with cysteine-H280 4 or
- to show any detectable shoulder at 490 millimicrons, This clearly proves
that the DPA chromogen does not have any detectable deoxyribose.

In addition, the DPA chromogen and pure DNA were tested with the
tryptophan-perchloric acid reagent (178) and the absorption spectra of
these samples were determined as shown in Figure XIV. Again, no rise
could be detected in the spectrum of the DPA chromogen at the DNA absorp-
tion maximum of 500 millimicrons. This confirms the fact that the DPA
chromogen does not contain deoxyribose.

The Non-Extractability of the DPA Chromogen with NaCl: It was felt

that the DPA chromogen might possibly be a nucleic a.i)id*, and an attempt
was made to purify the DPA chromogen on the basis of this assumption.

Since nucleic acids are extracted from tissue by heating with 10% NaCl
(179-183), DNA was removed from the tissue by DNA-ase, the tissue was
precipitated with cold 5% TCA, washed 3 times with cold 5% TCA, and then
extracted with 10% NaCl at 100° ¢ for 20 minutes. It was expected that

if the chromogen were a nucleic aicd, it would be extracted into the Na(Cl
and could be precipitated by ethanol. However, the nucleic acid precipitate

obtained in this way gave no color with DPA.

* This assumption was originally based on the mucleic acid-like ultraviolet
gspectra of TCA extracts of tissue from which DNA had been removed by DNA-ase.

(It was not realized at the time that RNA was still present).
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Since the chromogen was not present in the mucleic acid fraction,
it was either present in the supernatant after alcoholic precipitation
of the mucleic acids or was still bound to the tissue. The latter
possibility was tested, still assuming that the material might be a mucleic
acid, by using the standard nucleic acid extraction technique of Schneider
(172) (heating the NaCl-extracted residue with 5% TCA at 90° for 15 minutes).
When this hot TCA extract was tested in the DPA reaction, it gave a color
typical of the DPA chromogen.

This finding was of considerable importance because it simplified the
preparation of the DPA chromogen and eliminated the need for DNA-ase., It is
now possible to obtain the chromogen simply by extracting RNA and DNA with
10% NaCl, leaving a residual tissue still containing the tightly bound
chromogen.

The precedure now used for obtaining extracts of the chromogen is as
followss After isolating muclei from 20% rat liver homogenates, the acid-
soluble fraction is removed by precipitatihg the tissue with cold 5% TCA
and washing once with TCA at 0° C. The tissue is heated twice with 10%

NaCl at 100° C for 20 minutes to remove RNA and DNA. The resulting tissue

is then heated with 5% TCA at 90O C for 15 minutes to extract the DPA

chromogen. From the data given in Figure XV it may be seen that the spectrum

of the chromogen after reaction with DPA is almost identical regardless of
whether the DNA has been removed by incubation with DNA-ase or by two extragctions
with 10% NaCl at 100° c.

In addition, the amount of DPA chromogen obtained after removal of nucleic
acid with 10% NaCl at 100° c. (0.98 and 0.97 mg. equivalent DNA/%m. tissue
in one experiment) is identical with the amount of DPA chromogen obtained
after removal of DNA with DNA-ase (0.97 and 0.95 mg/gm. tissue in the same

experiment}. These values are expressed in terms of mg. of DNA that would
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give the same optical density in the DPA reaction.

It has also been shown that the intensity of the DPA chromogen color
remains constant regardless of the number of NaCl extractions of the tissues
(up to 4 extractions).

The inability to extract the DPA chromogen from tissue by 3-4 extractions
with cold 5% TCA or by 4 extractions with 10% NaCl at 100° C indicates that
the DPA chromogen is very tightly bound to protein. However, it is not
possible to conclude that it is a polymeric material, since small molecules
can be bound as tightly as large ones.

Ultraviolet Absorption Spectra of the DPA Chromogen: It may be seen in

Figure XVI that the two ultraviolet absorption spectra of the TCA extract of
the DPA chromogen and highly polymerized DNA at acidic pH are i&entical and
that they have the same absorption maxima at 260 millimicrons. This indicates
that the DPA chromogen is composed of purine and pyrimidine bases that absorb
at 260 millimicrons, |

Presence of Purine and Pyrimidine Bases in the DPA Chromogen: Identification

of the different components present in the DPA chromogen was then undertaken.
In a preliminary experiment the TCA extract of the DPA chromogen was extracted
with ether to remove TCA, The resulting solution was put on a Dowex-l-formate
column and the hydrolysis products were separated by gradient elution as
described by Hulbert et al. (185).

The results of this elution showed that the DPA chromogen contains multiple
components. One fraction was not absorbed by the Dowex-l-formate and it was
eluted with water, The other components remaining on the column wefe eluted
gradiently as three major peaks. Using a 200 ml. of H20 in the mixer, these
peaks were eluted by the sequential addition of 125 ml. of 0.8 N formic acid,
285 ml. of 4 N formic acid and 100 ml. of 8 N formic respectively to the
resevoir. The first two peaks appeared to be composed of a series of multiple

sub-peaks. Unfortunately, it is not certain whether these variations/in>optical
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density from tube to tube were due to technical difficulties in reading
the samples or to the actual occurrence of many small overlapping peaks,
each representing a different degradation product. However, it was
evident that the behavior of the different componenﬁs was identical with
what woudd be expected if a mucleic acid had been hydrolyzed with TCA,

It is well established that the acid hydrolysis products of nﬁcleic
acid are free purines and pyrimidine mononucleotides or polynucleotides
depending on the strength of acid used, the length of hydrolysis, and the
temperature at which the hydrolysis is performed (186, 187, 188).

When the water eluate was chromatographed on Whatman No. I filter
paper in a solvent of n-butanol (84%) and water (16%4} at 30° C for 24 hours
as described by Markham and Smith (189), adenine was definitely identified
as one of the components. Guanine could not be identified due to impurities
present in the water eluate. In addition, pure guanine chromatographed
simultaneously with a sample of the water eluate had an Rf of zero. However,
guanine was later definitely proved to be present in the DPA chromogen
(discussed later).

The first two peaks eluted with acid were thought to be pyrimidine-
containing oliganucleotides. These fractions were combined and evaporsted
to dryness under vacuum. The resulting residue was dissolved in 12 N PCA
and heated in a water bath at 100° for 90 minutes to obtain a quantitative
yield of all the bases as described by Marshak and Vogel (190, 191).

The resulting solution was evaporated to dryness, spotted on paper and
chromatographed using a mixture of n-butanol (84%) and water (16%) as a
solvent (189). Although impurities present prevented a positive proof that
pyrimidine bases were present on the chromatogram, it was clear that spots
of known cytosine and uracil coincided with a part of t he ultraviolet absorb-

ing material present in the unknown sample.
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Since it was shown by this preliminary experiment that purines and
pyrimidines might be present in the DPA chromogen direct identification of
the bases present in the DPA chromogen was under taken.

A TCA extract of the DPA chromogen from 22.5 grams of liver was extracted
four times with ether to remove the TCA and the agueous phase was evaporated
to dryness under vacuum. The residue was heated in 12 N PCA (190, 191} for
90 minutes at 100° ¢ in Boiling water to liberate all the purine and pyrimidine
bases present in the DPA chromogen. The PCA was removed by precipitation with
XOH as KC1 O4 (potassium perchlorate) at 0° C and the bases were obsorbed on a
Powex-50-H" column (6 cm. high, 1 cm. diem.}. Four distinct peaks were separated
by gradient elution using 200 ml, of water in mixer and 400 ml. of 6 N HCl in
the reservoir. The first peak was eluted with water. The optical density of
the fraction was read on a Zeiss spectrophotometer and E275/E260 were found to
be 0.61, 1.14, 0.75 and 0342 respectively. The four fractions were then spotted
on paper as described before and chromatographed with a solvent containing
n-butanol (84%) and water (16%) at 30° for 20 hours. The resulting spots were
eluted from the paper by water and rechromatographed using the same procedure.
The comparative R, (comparative R, = distance moved by unknown spot } of the

. distance moved by known base
samples were determined and found to be 0.98, 1,03, 0.98, 0.99 and 0,99 for

uracil,thymine, cytosine, guanine and adenine respectively. It is clear that
all five major bases usually present in nucleic acids are found in the DPA
chromogen. However, thymine and uracil gave lighter spots than the other
bases, indicating that they are found in smaller amounts in the DPA chromogen.

The thymine spot was barely, but definitely detectable.

Stability of the DPA Chromogen to Alkaline Hydrolysis and PO, Content:
l+
After NaCl extraction of nuclei, three separate samples of the NaCl-extracted
muclei were heated with O.1 N KOH, 0.2 N KOH and distilled water (PH 7) at

80° C for 10 minutes. KOH was then nutralized with TCA at Oo C and the
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resulting residueé treated as described under legend for Table VI and the

DPA chromogen contents of the three samples were determined by the DPA

roagent. It may be seen from Table VI that the DPA’ chromogen contents of the
three differently treated samples were almost the same. This indicates that
the DPA chromogen is neither RNA nor an apurinated residue of DNA since apurinic
acid is hydrolyzed when heated with alkali (151}).

In addition, the phogsphorus content of the DPA chromogen was determined
and found to be 9.5% and 10.25% in two independent experiments. The phosphorus
content of pure DNA is known to be approximately 9% (192). It will be desirable
to determine nitrogen content of the DPA chromogen and calculate accurate N/P
ratios in the course of future works.

Incorporation of Thymine into the DPA Chromogen: After demonstrating that

thymine is present in the DPA chromogen it was desirable to investigate the
incorporation of tritiated thymidine into the DPA chromogen in vivo. Hecht

and Potter (193, 194} demonstrated that partially hepatectomized rats incorporate
tritiated thyﬁidine into DNA of the regenerating liver, beginning 18 hours after
partial “hepatectomy. In the present experiment, a partially hepatectomized

rat was injected with triatiated thymidine using procedure déscribed under
Figure XVII. After sacrificing the rat, the isolated nuclei were incubated

with DNA-ase and the specific activities of DNA and the DPA chromogen were
determined as shown in Figure XVII,

The specific activity of DNA after correction for presence of DFA chromogen
is 710 ce.p.m./mg. DNA while the specific activity of DPA chromogen is 82 expresse
in terms of c.p.m./mg. of DNA that would give the same optical density in the
DPA reaction. Triatisted thymine ia.s incorporated 8.5 times higher into DNA
‘than into DPA chromogen. This difference in thymine-incorporation might reflect
either low thymine content of DPA chromogen or higher degree of biochemical

stability than DNA itself.
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It may be seen that the specific activity of DNA decreases as DNA is
removed by DNA-ase until the specific actiﬁty becomes constant no matter how
much the BNA-asé concentration is increased. The data show that when DNA is
completely removed, the specific activity of the remaining DPA chromogen reaches
a small but significant constant value. It is obvious then, that the DPA

chromogen is quite different from the DNA-ase-labile fraction.

Presence ‘g_i: the DPA chromogen in the Cytoplasm: In preliminary experiments

the cﬁoplasmic fraction of 20% rat liver homogenates were washed twice with TCA
at 0° and heated twice with 10% NaCl at 100° for 20 mirmfes. The NaCl-extracted
tissues were then heated with 5% TCA at 90° for 15 minutes. When the resulting
TCA extracts were tested with diphenylamine reaction, the color characteristic

of the "DPA chromogen" in the nucleus was observed. In one experiment the DPA
chrecmogen content of the cytoplasm was determined on Klett spectrophotometer and
the results were 0.19 and 0.21 mg./gm. tissue compared to 1.06 mg. and 1.1 mg./gm.
tissue in the mucleus in the same experiment. (Values are expressed in terms of the
mg. of pure DNA which give an equivalent color). The absorption spectrum of the
cytoplasmic DPA chromogen was determined and the absorption meximum was at 560 ma .
(identidéal with that of the nuclear fraction).

Interpretation of the Datat It is evident from the data that the DPA chromoge

is composed of' adenine, guanine, cytosine, uracil and thymine, phosphate and
probably a sugar of unknown nature different from both ribose and deoxyribose.
The DPA chromogen gives no color with cysteine-H250 4 or tryptophan-perchloric
acid rea,genfs while DNA gives definite color., Reaction of the DPA chromogen
with orcinol gave only a dirty brown discoloration and not the green obtained
with RNA. The DPA chromogen has almost an identical ultraviolet spectrum with
that of DNA with the same sbsorption maximum at 260 millimicrons.

The DPA chromogen is not hydrolyzed by pancreatic DNA-ase or alkali nor
is it extracted from tissue by hea'l_:ing with 10% NaCl or alkali. In one gram
of liver there is 0,95-1.58 mge. in nuclei and 0.19 to 0.21 mg. DPA chromogen in

the cytoplasm in terms of mg. of DNA that give an equivalent color. Tritiated
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thymine is incorporated into the DPA chromogen to small but significant extent.
Its specific activity is one-ninth of the specific activity of DNA (corrected
for DPA chromogen content) in the same experiment.
The foregoing properties of the DPA chromogen rca.n best be explained if it
is assumed tha.trthis chromogen is a nucleic acid-like material tightly bound to
protein. Proof of this essumption will require the demonstration of micleotide~
like monomers ccntaiﬁing a purine or pyrimidine base, the chromogenic moiefy
end phosphate all in one intact unit. Hydrolysis with mild aecid or with enzymes
should provide such fragments. The chromogenic moiety should then be identified.
.Since both chromogen and deoxyribose give a color with diphenylamine, the DPA
chromogen may be deoxysugar. However, the possibility that it has an entirely
different type of structure cannot be excluded, since the chromogenic unit
gives no color with cystein-sulfuric acid or tryptophane-perchloric acid reagents.
No direct evidence has yet been reported to prove that DNA is the exclusive
carrier of gemetic information or to establish the means by which this gemetic
information is transferred to the cytoplasm. In aaaition, modern coencepts of
the genes comsider the biochemical stability of DNA as ofie of the main proofs
that DNA is the genetic material of the body. However, it has been shown in
in this paper that the DPA chromogen is very tightly bound to@rétein and is
resistant to DNA-ase and alkaline hydrolysis. In addition it does incorporate
thymidine to a very smaller extent than DNA (although bhis may be due to low
thymine content since other precursors have not yet been tesfed).
It isrtherefore posaible that the DPA chromogen is genetic material vhiéh
may plays as important a role as DNA. Allfrey and Mirsky (121} and Sekiguchi
end Sibatani (120} suggest that "the DNA-ase-resistant fraction of DNA" (whith
is almost certainly identical to the DPA chromogen} might possibly confrol protein
and RNA syntheais., The DPA chromogen might also be active in transfefring genetic
information to the cytoplasﬁ since it has been shown in this paper that the

DPA chromogen is present in the cytoplasm. Such a pogsibility would explain the
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the failure of the complete DRA removal to sigmificantly inhibit the

incorporation of radiocactive precursors into n-RNA,
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When nuclei isolated from 20% rat liver homogenates are incubated with crystalline
DNA-ase, a diphenylamine chromogen (DPA chromogen) remains in the nuclei which
can be extracted by heam;g with 5% TCA for 15 mimtes at 90° C. The chromogen
hes an absorption maximum at 560 millimicrons rather than the 600 millimicronc
maximum given ';yr pure DNA.

The DPA chromogen could not be extractgd by 10% NaCl (100° C for 20 mixmtes} nor
with 0.2 N kOH (80° C for 10 minutes). . Very similar absorption spectra dse
obtained with the TCA extract of the DPA chromogen, whether DNA has been removed
from the nuclei by heating with 10% NaCl or by treatment with TNA-ase.

No detectable deoxyribose is presenf in the DPA chromogen since it failed to
&lve any color with cysfeine-aulfuric and or-with tryptophan-perchloric acid
reagents. In addition, ribose is nqt present, since the DPA chromogen did not
give a green color with the orcinol reagent. A series of 18 common sugars was
tested with DPA, and only levulose, raffinose and sorbose gave blue colors. How=
ever, all these were visibly different from that of the DPA chromogen.

The ultraviolet spectra of the DPA chromogen and pure‘m-'uere found to be almost
superimposable between 240 and 300 millimicrons with absorption maxima at 260
millimicrons in both cases. All pyrimidine and purine bases are present in the
DPA chromogen. Behavior of the acid hydrolysis products of the DPA chromogen on
Dowex-l-formate column in a preliminary experiment was similar to that expected
of a mucleic acid in that adenine was eluted in the water wash and three major
fractions remained on the column and were eluted with acid.

Expressing values as mg. of DNA that give an equivalent color with DPA there is

- ©495-358 mge of the DPA chromogen in the nucleus and 0419-0,21 mg. in the cyto-

-
plesm per gram of rat liver tissue. Phosphate content was found to be 9.5-10.2%

in two separate experiments.
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A smell but significant incorporation of radiocactive thymidine (82 CePole/mge
DNA} into the DPA chromogen was obtained when tritiated thymidine was in,}jected

18 hours after partial hepatectomy and the rat was sacrified 5 hours later,

DNA had a specific activity 845 times higher in the same gxperiment.

These findings prove that the DPA chromogen is a nucleif.;wli‘{:e material, tightly
bound to proteins through unknown linkages which can not be broken by boiling with
10% NaCl or heating with 0.2 N alkeli. However, the DPA chromogen can be hydrolyz
and extracted with hot 5% TCA. The nature of the chromogenic moiety and its linka

to the phosphate, purine and pyrimidine moieties require further investigation.

*
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Effect of Non-Cryatalline DNA-ase on the Imncorporation of Orotic
A01d-6-C14 into RNA of Wnole Rst Liver Homogenste.

2,5 ml. aliquots of 2% rat liver homogenates in 0.25 M sucrose
were incubated with different concentration of non—cryétalline DNA-ase
(indicated on the abscissa) using standard incubation procedure (see
text), After incubation, the nuclear and cytoplasmic fractions were
separated by differegtial centrifugation and RNA was extracted from the
two fractions, The specific activities of RNA were determined and are
given in terms of c.p.m./mg. RNA on the ordinate. Every point at zero

+

concentration of DNA-ase represents the average of triplicate samples,

which were in good agreement.
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Effeqt of Non-Crystalline DNA-ase on the Incorporation of Orotic
Acid-6eCt4 into RNA of & Rat Liver Homogenate after Preincubation
with DNA-ase at 0° C.

2,5 ml. aliquots of 20% rat liver homogenates were preincubated
with non-crystalline DNA-ase at 300' € for 3 hours and then incubated
as described under "experimental® (see text). The specific gctivities
of RNA were determined and are given in terms of c.p.m./mg. RNA on the
ordinate. Every point on this graph represents the average of duplicate
determination of specific activity of RNA.
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Figure III. Effect of Preincubation at 30° C on the Incorporation of Orotic
' 401d-6-C** into RNA of Rat Liver Homogenste.
. 2.5 ml, aliquots of{@% rat liver homogenate were preincubated at

30° ¢ for different intervals of time (indicated on the sbscissa)., After
preincubation, the homogenate was incubated with orotic aoid-6-014 under
standard incubation conditions (see text). The c-RNA and n-RNA were
isolated and the specific activity was determined as c.p.m./mg. RNA

' (indicated on the ordinate) in two different experiments (solid and dotted

lines). Points at zero time represent the average of duplicate samples.
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Figure IV. Effect of Preincubation with Non-Crystalline DNA-ase on the Incorporation

of Orotic Acid-6-C*# into RNA in Whole Rat Liver Homogenates.
2.5 ml. aliquots of 20% homogenates of rat liver were preincubated

with non~crystalline DNA-asge at 30° C for 30 mimutes and then were incubated
using the stmdérd incubation procedure (see text). The specific activities
as c.p.ms/mg. RNA of c-RNA and n-RNA were determined and are given on the
ordinate., The different concentrations of DNA-ase as mg./ml. are indicated
on the abacissa. Every point at zero concentration of DNA-ase represents the

average of duplicate samples.
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Eigggg.ii Effect of Preincubation with MgCl, for Different Intervals of Time on the

Tncorporation of Orotic Acid-6-C4 into RNA of & Rat Iiver Homogenate.
2.5 ml. aliquots of a 20% rat liver homogenate were preincubated with

0.006 M MgCl, (dotted line} or 0.003 M MgCl, (solid line) at 30° C for
differ?nt intervals of t ime (indicated on the abscissa) in 50 ml. flasks.
After preincubation, the homogenates were incubated with orotic acid-6--c14
under standard incubation conditions (see text), the c-RNA and n-RNA were
isolated, and the specific activity was determined as c.p.m./mg, RNA

(indicated on the ordinate). Every point at zero time represents the average

of duplicate samples,
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Figure VI. Effect of Crystalline DNA-ase on the Incorporation of Orotic Acid-6-cl4
into BNA after Preincubating Ret Liver Homogenstes with 0.006 M MgCL,.

2,5 ml. aliquots of 20% homogenates of rat liver were preincubated
with 0,006 M MgCl, and crystalline DNA-sse at 30° ¢ for 15 minutes and then
incubated under the standard conditions (see text). The specific activities
as c.p.m./mg. of n—RNA.and c~RNA are given on the ordinate and the different

concentrations of DNA~ase are indicated on the sbscissa,
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Figure VII. Effect of Crystalline DNA-ase on the Incorporation of Orotic Acid-6-c14
into RNA of Non-Preincubated Rat Liver Homogenate.

2.5 ml. aliquots of 20% re;t liver homogenate in 0.25 M sucrose were
incubated with different cbncentrations of DNA-ase as indicated on the abscissa
using the standard incubation procedure (see text). The nuclear and cyto-
plasmic fractions were isolated by differential centrifugation and the specific
activities of c-RNA apd n-RNA were determined and are given in terms of c.peme.
/mg. RNA on the left ordinate. Every point at zero concentration of DNA-ase
represents the average of triplicate values for specific activity. The DNA
content of muclei from 2,5 ml. aliquots of homogenates treated identically
in separate flasks was determined in the same experiment as mg. DNA/gm.
tissue (indicated on the right ordinate). The point at zero concentration

of DNA-agse represents the average of duplicate determinations of DNA content.
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Figure VIII. Effect of Preincubation of Isolated Nuclei on the Incorporation of
Adenine-8-014 into RNA of Reconstituted Homogenates of Rat Liver,

Nuclei were isolated from 20% rat liver homogenates by the /standard
procedure {see text) and preincubated with MeCl, (0,02 M} and pH 7.0 phos-
phate buffexr (0.02 M) at 300 C for different periods of time (indicated on
the abscissa). The isolated muclei were then recombined with the correspond-
ing cytoplasmic fractions and incubated under standard incubation conditions
(see text). The specific activities of c~RNA and n-RNA were determined and
the results are given on the ordinate in terms of Cepems/mge RNA for two
geparate experiments {open and close circ;es}. Points at zero time re-

present the average of duplicate samplese.
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Figure IX. Effect of Preincubating Isolated Nuclei with Magnesium prior the Incorpor-
7 ationr of Adeniae-8-014 into RNA of a Reconstituted Rat Liver Homo':gena.te..
Nuclei were isolated from 20% rat liver homogenate by the standard
procedure (sece téxé) and incubated with pH 7.0 phosphate buffer (0.02 M)
and different concentrations of Mgelz (indicated on the abscisea) at 300 VC
for 20 minutes. After incubation, miclei were recombined with the cyto-
plasnic fractiomsand incubated under standard ihcubation conditiona (see
text). c-RNA and n-RNA were isolated and their specific sctivities were

 determined in terms of c.p.m./mg. RNA (given on the ordinate,
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Figure X. Effect of Preincubation of Isolated Nuclei with DNA-ase on the Subsequent

Incorporation of Adenine-8~C*# into RNA of & Reconstituted Homogenate.

Isolated nuclei from 6 ml. aliquots of 20% rat liver homogenates in
0.25 M sucrose solution were preincubated for 20 minutes in 12 ml. tubes
with solutions conteining DNA-ase (concentrations indiceted on the abscissa},
MeCl, (0.04 M) and pH 7.0 phosphate buffer (0,02 M). After incubation the |
DNA-ese-treated nuclel were recombined with the eytoplasmic fractions from
which they were separated initially. 2.5 ml. aliquots of the reconstituted
homogenates were incubated under standard conditions (see text} in 50 ml,
erlenmyer flasks at 500 C., for 45 mimites. c¢-RNA and n-RNA were isolated
and their specific activities were determined three separate experiments
{open and closed circles and a cross). Results are given in the bottom
grgph with specific activity of RNA in terms of c.p.m./mg. RNA on the ordinate.
Every point at zero concentration of DNA-ase represents the average of duplicate
determinations of specific activity.

Fuclei were reisolated from 2,5 ml. aliquots of the same reconstituted
homogenates by centrifugation at 699 x g» DNA was extracted from the nuclei
and determined by the diphenylamine reaction. The DNA concentiE%ion {mg. DNA/gm.
tissue) is given in the top graph. Every point at zero concentration of DNA-ase

represents- the average of duplicate determinations of DNA content.
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Figure XI. Effect of Preincubation of Isolated Nuclei with DNA-ase on the Relative
Amounts of Nuclear and Cytoplasmic RNA.
Values for amount of n-RNA and c-RNA and total RNA (as Mg. RNA/gm. tissue)

were calculated from the experiments presented under Figure X.
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Figure XII. Absorption Spectra of the DPA @hromogen and Highly Purified DNA after
Reaction with Diphenylamine.
Nuclei risola.teci from 20% rat liver homogenstes were incubated with
DNA-ase as described under "experimental". The nuclear pellets were washed
three times with 5% TCA at 0° C. and the DPA chromogen was extracted from
the nuclei with hot 5% TCA at 90° C for 15 minutes., One ml. aliquots of the
PCA extract (0.5 gm. tissue/ml.) were heated with diphenylamine (124) and
the absorption spectrum was determined on a Zeiss spectrophotometer. One ml,
aliquots of a solution of highly polymerized DNA (0.25 mg./ml.} were reacted

with diphenylamine and used for determining the spectrum of DNA. ‘
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Figure XIII. Absorptibn Spectra of the DPA Chromogen and Highly Polymerized DNA after

Reaction with the Cysteine-Sulfuric Acid Reagent.

TCA extracts of DPA chromogen were prepared as described in legend-
for Figure XVI. 0.5 ml. of the TCA extract (0.5 gm. tissue/ml.)} and 0.25mg.
of DNA were heated with a cysteine-sulfuric acid reagent (177} and the

absorption spectrs were determined on a Zeiss spectrophotometer.
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Figure XIV. The Absorption Spectra of the DPA Chromogen and Highly Polymerized DNA
after Reaction with the Tryptophan-Perchloric Acid Reagent.
TCA extracts of tfxe DPA chromogen were prepared as described under
legend’ for Figure XVI. '
" One ml. aliquots of this extract (0.5 gm. tissue/1 ml,) were tested
with the tryptophan-perchloric acid reagent (178} and the absorption spectrﬁ.m
was determined on a Zeiss spectrophotometer. | 0.5 mg. of highly polymerized

DNA wes used for determining the spectrum of DNA.
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Figure XV, Comparison of the Absorption Spectra of the DPA Chromogen after DNA-ase

Treatment and NaCl Extraction.

Nuclei were isolated from 2.5 ml. aliquots of 20% rat liver homogenétes.
One nuclear pellet was incubated with DNA-ase (curve 1)} using the standerd
incubation procedure (see text}s, A second nuclear pellet was extracted twice
with 10% NaCl at 100° C for 20 mimutes (curve 3}. A third nuclear pellet was
first incubated with DNA-ase and then extracted twice with 10% NaCl (curve 2}.
These three pellets were then heated with 5% TCA at 90° for 15 mimtes to
extract the DPA chromogen. The TCA extracts were tested with diphenylamine
and their absorption spectra were determined on a Zeiss spectrophotometer.

0.25 mg. of highly polymerized DNA wes used for the determination of the

DNA spectrum.
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Figure XVI.
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Ultraviolet Absorption Spectra of the DPA Chromogen and of Highly Polymerized
DNA.

Nuclei isolated from 20% of rat liver homogenates were precipitated with
5% TCA and washed once with TCA at 0°. The residues were resuspended in 10%
NaCl solution and the pH was adjusted to 7.2. The resulting suspension mixtur
was heated at 100° for 20 minutes. After centrifugation, the residues were
resuspended in 10% NaCl solution and again heated at 100° for 20 minutes.
After the second NaCl extraction, the residues were washed with water to remowv:
all phenol red color and then extracted with 5% TCA at 90o for 15 minutes.
0.35 mle of TCA extract (0.5 gm. tissue/ml.) was diluted to 3 ml. and;'fJ;dZeiss
spectrophqtometer against 0,35 ml. of TCA diluted to 3 ml. as a blank. 0.1251:

of DNA dissolved in 3 ml. of water was read against water as a blank.
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Figure XVII. Effect of DNA-ase on the Specific Activity of DNA Labelled by the Injection
| of Tritiated Thymidine into a Rat with a Regenerating Liver.
Two-thirds of the liver of an adult male rat was removed by partial

hepatectomy and 10 microcuries of tritiated thymidine (0.360 curies/mM)
was injected intraperitoneally 18 hours after the operation. The rat was
sacrificed 5 hourslater. The liver was removed, homogenized in a 0,25 M
sucrose solution and the nuclei were isolated from 5 ml. aliquots by
centrifugation at 600 x g. Nuclei were incubated with different concentr-
ations of crystalline DNA-ase (indicated on the abscissa} using the standard
incubation procedure (see text). The nuclei were then washed 5 times with
5% TCA at 0° and the DNA was extracted with 5% TCA at 90° for 15 mimutes.
The TCA extracts were extracted four times with 3 volumes of ether to remove
all the TCA. The resulting agqueous solution was used for the determination
of specific activity as cepems/mg. DNA (indicated on the left ordinate} and
the determination of the content of DNA as mg. DNA/gm. tissue (given on the
right ordinate). Every point at zero concentration of DNA-asse represents the

average of duélicate determinations of the specific activities and DNA contentQ
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TABLE I

Effect of DNA-ase on the DNA Content and on the
Specific Activities of Cytoplasmic and Nuclear RNA.

(See Legend for Figure X)

XPpe DNA-ase DNA % DNA Specific Activity (counts/min/mg. RNA

10, (mg/ml) mg/em tissue  removed c-RNA. inhibition n-RNA % inhibition
I 0 4.30 0 807 0 787 0
2 21,04 76 500 38 682 14
5 1.07 15 267 68 385 51
I 0 4473 0 882 0 887 0
3 1.58 67 534 40 723 18
5 1.60 66 552 38 690 23
11 0 4,90 0 913 0 860 0
2 1.50 70 541 40 ' 758 12

4 1.3 73 560 39 175 10




TABLE II

Effect of Removal of DNA on P32 Incorporation
of Isolated Nuclei from Rabbit Appendix

Data by Sekiguchi and Sibatani (120}

RIS o e feligfe
My 0 100 | 13,950 1,60 137
16 97 18,600 1,160 115
63 92 19,000 782 83
125 , 64 14,500 452 4
%1 m 0 100 15,810 645 294
125 31 15,010 150 -21
250 29 12,400 78 17
500 27 9,500 0 18

1,000 | 26 8,600 11 0




75

TABLE III

Effect of Mangsnese and Magnesium Ions on the
: Activity of Pancreatic DNA-ase

Nuclei isolated from 2.5 ml. aliquots of 20% rat liver homogenates were
incubated with 1.5 mg./ml. of crystalline DNA-ase in solutions containing either

0.0075 M MnSO,, 0.,0045 M EDTA (ethylene diamine tetraacetic acid) and 0.06 M

4
tris-acetate buffer (PH 8), or 0,04 M ¥gCl, and 0,02 M Phosphate buffer (¥ 7),
at 300 for 20 minutes. After the first 20 minutes of incubation, samples T, 8,
11 and 12 were centrifuge;i; the supernatants were discarded and the nuclear pellets
were reincubated with a fresh solution of DNA-ase (same conditions as first in-

cubation) at 30° for 20 mimutes. The remaining DNA and DPA chromogen were extracted

with hot TCA and determined by the diphenylamine reaction.

Sample Number of DNA-ase Tons Mg. Apparent DNA/Gm, Tissue

No. times incub. conce. Added
with DNA-ase mge/mle
1 1 | 0 wmtt 4404
2 1 0 wmt 3498
3 1 0 Mgt 4401
4 1 0 Mgt 3494
5 1 1.5 Mgt 1,02
3 1 145 Mgt 0696
7 2 1.5 Mg 0,92
8 2 1.5 Mgt 1,02
9 1 1.5 M 1465
10 1 1.5 Mt 1,82
11 2 1.5 T 1,08
12 2 1.5 Mn* 1.08
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TABLE IV

The Effect of Storing TCA Extracts of
Rat Liver Nuclei at 0° C on the Content of
DNA and DPA Chromogen

Nuclei were isolated from 2.5 ml. aliquots of 20% rat liver homogenate
and the DNA was extracted from the nuclei by hot 5% TCA using the standard
extraction procedure (see experimental). The TCA extracts were kept in ice
for 22 hours, then centrifuged to remove any precipibate, and the supernsatants
were used for DNA determination by reaction with diphenylamine. Control samples
were kept at room temperature. The absorption maxime were determined on a Zeiss

spectrophotometer and found to be 600 millimicrons for all the samples.

Sample Treatment Mg. DNA/Gm. Tissue
No.
I Control 4442
Stored sample 4.40
II Control 442
Stored sample 4.42
IIT Control 4448

Stored sample 4448




Sugars Reacted with the DPA Reagent

Galactose Arabinose
Sorbitol Duleitol
Levulose beta=Glucose
Sorbose Ribosge
Mannose Erythritol
Xylose Lyxose
Raffinose Adonitol
Rhamnose Arabitol

Arabin Pucose



Effect of Alkaline Hydrolysis
on the DPA Chromogen

Fuclei isolated from 2.5 ml. aliquots of 20% rat liver homogenates
were washed twice with TCA at 0° C and extracted twice with 10% NaCl at
100° for 20 minutes. The residues were heated with 0,1 N and 0.2 N KOH
at 80° for 10 minutes; the KOH was neutralized with 5% TCA at 0° and rthe
solutions were centrifuged and the supernatants were discarded. The re-
sulting residues were washed twice with cold TCA t