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   Feulger. staining iinethod (FEuLGEN and RossENBEcK, 1924) has been widely
'used foy detection of DNA iB histochemica! preparations by maRy cytologists,
because the method is tlae most specific for DNA among several methods, though
the mechanism of thls staining is still not completely cleared.
   It has been reported by sevaral authors tkat the color intensity of Feulgen
staining in histocheinical preparations is, however, affected by many factors
suck .n.s periods and temperature of acid hydrolysis, co-existing proteins and
some inhibitip.g substances and others (HiLLAR.y, i939; MiLovi./D-ov, 1949). As
in the case of histochemical preparations, tke intensity of Feulgen reaction
color developed in vitro is also affected by many factors (CAspERssoN, 1932;
S.iBATANf., 1950; SmNi<.E, Is}iiDA and UEDA, 1957; IsmDA, 1959).
   On the other hand, it has been reported by several auShoro. that cells of
certain plants are p.ot stained with Feulgen metkod (SmNi<F. and SmGENAGA,
l933; HiLLARy, 1939; MiLovmov, 1949). SHiNKE, IsmDA and UEDA (1957) have
also observed that cells of certain algae, belengiRg to CoRjugatae and Cyano-
phyta, are not stain6d with Feulgen metk6d. As iR the case of plant cells,
similar pkeRomenon has also been observed in cell nuclei duriftg a certain stage
of egg development of sea-urchins and starfishes (MARsffAK, 1954, 1958).
   Causal analyses on negative Feulgen staining, observe(i by several auÅíhors
stated above, have beeft carried out by only a few investigator.cr such as HiLLARy
(1939) in kistochemica} preparations and model experiments, but the results
obtained by these lnvestigators are still fragmentary. The purpose of the
present study is te obtain findings oR the negat2ve Feulgen staining, using
some plants by biochemical procedure.

   As
puxpose
pages.

                  Material and Method

materlals and metkods used in thls study `are different according to the
 of experiment, they will be given in appropriate places in the following
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                       Experiments and Results

   1) Effect of acid ltNdrolysis o•yx nucgeic ac•ids in celis.

   It was pointecl out by IIiLLAr<y (1939) and MiLevi,)ov (!949) that inteRsity
of Feulgen color of ce!1 nuclel decreased by prolonged kydrolysis in I/ICI sots-
tion. This fact may be assumed as due to the extrusion of a certain amount
of DNA from cell nuclei into the hydrolysing acid solution. To see whether
the above assumptien was correct or not, amounts of nucleic acids extruded
from cells into KCI solution as well as these acids remaining in cells after
hydrolysis were deteymined quantitatively.
   Fresh materlals of Osciliatoria PriRcePs and Spirogyra sp., which were Feulgen
negative algae, and Clad.oPkora sp. a FeulgeR poskive a}ga, were fixed with
CAr<Noy's fluid for 1 hour at room temper.ature. After fixatlon, materials were
repeatedly washed xtyritb_ absolute ethanol, and ice-colcl distilled water successively.

Each aliquot of mateyials was then hydrolysecl with N-HCI at 600C for 5, 10,
15, 20, 25 and 30 mi'nutes in each test tube. After hydrolysls, tissue residues
were separated from HCI solution by centrifugation. HC} solutions thus obtained
were taken to determine the nucleic acids extracted froin cell iRto tke soltttion.
   Oit the other hand, nucleic aclds were then extracted from tissue residues,
obtained by centrifggation stated above, by heating the residues with 0.5 N--
perckloric acid (PCA) for 20 minutes at 70eC (OGb-R and ResEtsT, l950 ; Isig_wA,
1960, 1961a). The amount of total nncleic acids, DNA and RNA, extracted from
cells into HCI solutlon Nvas deteymined by UV-absorption, DisciiE's and orcinol
metkeds (ME3BAuM, 1939). Detail$ of first two inethods were given in the
previou$ paper (IsmDA, 1954, 1959, 1960). Determination of nucleic acicls re-
mained in ceil residues was a}so carrled out by above methods.
   Figure 1 shows UV-absorption cgrves of mi'xtures of botk nucleic ac!ds
extracted from cells into }E[Cl ancl PCA solutions. It is seen in this figure that
there are no e.ignificant differences among UV-absorption curves of nucleic acids
extracted from cells of Oscillatoria, SptvogNva and Clctdop}to•ya into HCI and PCA
solutions. These nucleic acids in both the solutions give the typical absorption
curves as in the case of purified nucleic acids. Resglts of determination ef the
anaouRt of DNA in both KC} and PCA solutions stated above with DiscHF.'s
method are shown ifl Fig. 2.
    In this figure, it is seen that DNA in cells ef Osc•i.llator•ict is extyacted more
easily into HCI solution cluring hydrolysis than DNA in Spii'ogyxa ancl Cladophora
cells.

    Figure 3 shoxvs tke amotmts of total Ruc}eic acids and RNA extruded from
cells iRto HCI solution, and those remainiRg in tissue residues after hydrolysis.
    It ibe seen in tinis figure that the.ee acids are more easlly extracted from
Osc•itlatoria cells than the cells of other algae. From the above experimeRt, it
is found that the stability of DNA in cell nuclei to the HCI hydrolysi's is differeRt

as the kind of algae used differed. Extraction of a large amount of DNA from
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  Fig. 3. Showing amouts of total nucleic acids (UV) and RNA (orcinol) extrttdecl from
      cells into HCI and remained in ce}ls in various periods of hydrolysis.

cell nuclei durlng hydrolysis, must be regarded as one of the causes of the
loss of Feulgen staifiability in cell nuclei.

   2) Efirect of amino acids on the development of Feutge" color in vitro.

   It was reported by SmNKE, I$HmA and UEDA (1957) tkat L-tryptophane
iRhibited the deveiopment of Feulgen color i•n vitro. IR tke present experiment,
effects of various amino acid.e on the development of Feu}gen co}or in vitro
were studied.
   Ten mg of DNA were hydxoly.eed with 20 ml of N-HCI at 900C fotl5 minutes.
After hydyolysis, hydrolysed DNA solution was neutralysed by an addition of
suitable amount of N-KOH, and made up to 50ml by an addition of distilled
water. Two ml of 0.1 M-amino acid solution and 14ml of citrate buffer solution,
adjusted at pH 3.0, were added to 2ml of hydrolysed DNA solution stated above.
This mixtgire was cooled at 100C, and 2mi of ScmFF's reagent were added to
this mixture. Reddish purple color developed gradually. After 1 hour, intensity
of the developed color was determined at 565 mx.t by a B/Eci<MAN's spectrophoto-

meter.
   Resu}t obtainee is shown in Table 1.
    IÅí is seen in tkis tab}e that these amifio acids, except tryptophane, do not
markedly affect the development of Feulgen color, but tryptophane inhibits the
color development, MechaRism of this inhibition will be discus$ed later.
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Table 1. Effect

      Masaliiro Rue IsHIDA

of amino acids on Feulgen color development ifZ VitrO.

"'T- 5"iE'ILiEii aigg'UII.]' " eZEIlllll] Amino acid added I %o

DL-Alanine

L-Arginine•llCl

L-Aspartic acid

L-Cystine

L-Glutamic acid

Glycine

L-Kistidine•HC}•H.O

L-Leucine

L-Lysine•HCI

DvMethionine

IOO.0

100.0

 98.5

 97.9

 99.5

100.1

100.0

99.9

99.8

 98.5

'li
'

'

il

I

i

L--Phenylalanine

L-Proline

Hydroxy-L-proline

DL- I]hreonine

L-Tyrosine

L-[rryptophane

DL--Serine

DhValine

I

i
l
I
l

DNA alone (control)

96.9

95.9

98.6

97.8

99.9

83.1

99.3

97.3

100.0

   3) Effects of Proteins from some Plant cells on tlze develoP}nei•tt of Feutgen
color in vitsto.

   Resu}ts obtained iB the previous study show that proteinJc such as albumin,
gelatixx, casein, hisSone and protamlne increased the iRtensity of Feulgen color
i•n vitro (IsvabA, 1959), though it has been reported by SwiFT (1955) that some
globulin fractioR from certain cell nuclei inhibit the Y`eulgen color developmeRt.
Whether proteins isolated from celis of Feulgen negative plants inhibit the
Feulgen reaction in vitro or not; effects of proteins from Oscillator•ia Princeps
and Spi.rogsra sp. on the FeLilgen reaction in vit?'o were studied. To compare
the effect of proteins from Feulgen negative plants to that oi ' proteins from
Fetdgen positive plant,e., proteiAs isolated frcm the ce}ls of 5mm segments ef
root tips of Vicin seedlings were used.
   These proteins were isolated by SEvAG's procedure (SEvAG, 1934) from
`DNA fractioR' obtained from these plant materials by a modified Sci{MmT and
THANNffAvsER's metkod (SuGiyAMA, SmNi<E and IsgiDA, 1954; SmNi<E, IsuiDA
and UEDA, 1957). Samp}es of these proteins contaiited some water e.olub}e
proteins and they were i.qolated from tlte samples by elutioR with warm distMed
water, and then dried.
   Two ml of 0.5.0o! protein solution obtained by above procedures were added
to 2m} of O.05.0oi calf thymus DNA solution. Then 4ml ef 0.2 N-HCI were
added to the DNA-proteift mixture, and lt wa.Q liydrolysed at 900C for 15 minutes.
After kydrolysis, a suitable amount of glycine-NaCl solutioxx was added to the
hydrolysed mixture for adjusting the pH at 2.28. Two m} of ScmFF's reagent
were added to the mixture. AfÅíer 1 hour, intensity of tke Feulgen co}or was
determined.
   Resu}ts obtained are showR in Table 2.
   In Table 2, it is shown that proteins isolated from cells of Oscilla.toria and
SPirogyra, Feulgen negative algae, markedly inhibit the deve}opment of FeulgeR
color, while such inhibition by proteiRs from Åíhe root tips of Vicia, a Feulgen
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Table 2. Effect of proteins from Feulgen negat.lve and positive plants
   on the development of Feulgen color with calf thymus DNA in vitro.

Protein actded

Osctllatoria pri}tceps

SPirogvra sp.

Vicia faba (root tip)

Calf thymus DNA only (control)

Absorbance Inhibition

o.4e2

0.431

0.502

0.542

25.8 9/o

20.5

7.4

100.0

positive plant, was rnuch less than tkat caused by the presence of proteins from
the two algae stated above. Results of paperchromatographic anaiysis show
that at lea.et 14 amlno acids, including tryptophane, are found in preteins from
both OscitSatoria and SP•iregyra cells.

   4) Eff ects of tannin on the develoPn2ent of Feu}gen coSor in vitro.

   It was pointed out by MiLovmov (1936) that the Feuigen stainabiiity of
cell nnclel was affected by preseRce of tannin. Analy.ets" of such a phenomenon
had not, however, been carried out quantitativeiy. In tke preseRt experlment,
too, effects of tanRin on Feulgen co}or development were studied ifz vitro.
   Hydrolyzation of DNA followed by neutralyzation was carried out as in the
case of Expei-iment 2. 0ne ml of aqueous solution of tanniRi) in various con-
cenk'ations was added to 1ml of hydroly.eed DNA solution. Seven ml of citrate
buffer solution at p}I 3.0 and lral of ScHiFF's reagent were added successively
to above DNA-tannin mixture cooled at leOC. After 1 kour, intensity of the
color developed was determined.
   Result obtained is shown in Fig. 4.
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                   (was,XleeiD

4. Showing effect of tannin in various concentrations
on the intensity ef Feulgen color in vitro.

1) Obtained from Merck. This preparation was completely soluble in water.
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   As seen in tkis figure, intensity
of the Feulgen color was not af-
fected by presence of any concen-
trations of tannin in vitro. Similar

result was obtaine(l by HiLLARy
(1939) who showed that tannin did
not normally inhibit the staining of

DNA-agar blocks after treatment
wiSh certain fixative in model ex-
perlment.
   In Fig. 5, it is seen tkat the
maximum wavelength of abe.orption
curve of the Feulgen color de-
ve}oped witk DNA-tanniB mixture
is the same with that of DNA only.
TanRin itself gives the poskive test
with Feulgen metkod in vitro, and
moreover, the maximum wave-
length of its color deve}oped locates

at the sainewaveiength, at 565m/z,
wiÅíh thae of DNA as seen in tkis
figure. It must, tlierefore, be men-
tioned that presence of tannin gives
a ` pseudo-reaction' i?z vitro.

            5) Feuigen vatue and DNA   0 COMPOSitiOn.      4se soo sso 6oe          WAVELENaTH (m)a} FEULGEN ancl RossENBEcK
                                       (.1924) stated that purine-sugar
 Fig6,g}g:.O,W,t",g.,aex.?XPg&".,CBr.VXSm,gf..\.eUfug,e.il bondsofDNAwerespiitasaresult

   ture and tannin only. of the MCI hydrolysis an(l aldehydic
                                       sub.gtances such as co-hydroxyle-
vulinic 'aldehyde (STAcEy et al., 1946 ; OvEREN.D, 1950) or apurifiic acid (TAMM
et al., i955) were formed. These substances reacted with ScHiFF's reagent to
give a colored compound. Feulgen value of DNA, therefore, correlated with
tke purine content of its Buc}eic acid (LALAND et al. 1952).
   In the present study, to see wkether such relationship between Feulgen
va}ue and purine content can be applied to Osc•iglato'yia DNA, wkich was low
purine content, or not; Feu}gen values of Osc•illatoria DriSIA and calS thymus
DNA, in whieh ratios of purines to pyrimidines of both DNAs were 0.87 CIsHmA,
1961b) aRd i.OO (CHAR.GAFF et al., 1949) respectively, were detemined. Dische
and Feulgen values of Oscillatoria DNA were also cempared with those of calf
thymus DNA.
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   Each constituent of DNA such as sugar, base and phosphorus was estimated
lndependently by DiscHE's, FEuLGEN's, UV-absorption and PVM-methods
(SvGiyAMA, SKiNi<E and IsmDA, 1954). Details of the first tkree methods were
described in the previous papers (IsmDA, 1954, 1956, 1959, 1960, 1961a).
   Results obtained are shown ln Table 3. In this table, each estimation value
of DNA constituents obtained by the pstocedures mentioned above is represented

        Table 3. Absorbance of DNA from Oscittatoria PrincePs and calf thymus
           per 7 of DNA-P estimated by PVM method.

          i
Estimation

 methods

DNA sources

0scitlatoria
 pvinceps

Dische

v. v.

Feulgen

t

l

O.066

0.341

O.075

Calf thyraus

Ratio of absorbance

  (OSskSikkogia)

I

O.069

0.351

O.095
l

0.957

0.972

0.789

in `absorbance' per ?' of DNA-P. A.e seen in this table, the value obtained by
DiscHE's metbod ln Osciltatoria DNA is nearly equal to that in calf thymus DNA.
Similar results are shown in UV-values of both DNAs. Feulgen vaiue of
Oscillatoria DNA is, however, rauch lower than that of calf thymus DNA, that
is, the ratio of both Feulgen values is 0.789 as seen in Table 3. Thie. value is
in comparative accord3nce with that obtained in the ratio of purines to pyrimi-
dines of 0scillatoria DNA (IsmDA, 1961b). As above mentioned, the ratios of
purines to pyrimidines of Oscillatoria priitceps DNA and calf thymus DNA are
0.87 and 1.00 respectively. 'I'hese facts show that the intensity of Feulgen color

depends on tke purine content of DNA.
   From the results of these biochemical analyses, it is assumed that iRtensity
of the Feulgen staining of cell nuclei depends on the purine content of DNA
in cell nuclei.

    6) Concentration of DNA in cell nuctei.

    It was assumed by HiuARy (1939) and MiLovmov (1949) that one of the
causes of Begative Feulgen staining of celi nuclei was partly of the low con-
centration of DNA in cell nuclei, that is, the intensity of Feulgen staining was
reduced wken staining material.e were widely dispersed in the iarge nucleus.
But this assumptioR expressed by these authors had no experimeRtal basi.e.
    In the present study, therefore, DNA concentration (amount of DNA per
nucleus) in ce}l nuciei of some Feulgen negative plants such as Oscillatoria
limosa, Spireg.yra vep. and Marcha•ntia PolymorPka were determined, and the values
obtained were compared with in Vicia root tip cells.
    QuaRtitative isolation of DNA from these piant materials was carried out
by a procedure of ScKMier and TffANNHAusER's method with a slight modification
by us (SvGiyAMA, SHiNi<E and IsHmA, 1954). Amount of DNA per cell isolated
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from these rnaterials was estimated by procedures of Disc}iELe (Is}imA, 1954,
1956), F'muLGEN've methods (IsHmA, 1959), UV-absorption method (IsfimA, i960,
1961a) and PV)vl-method (SucriyAMA, SmNKE and Is}imA, 1954).
   In Table 4, tke valges of DNA content per cell obtained by these estimation
metkeds are represented as mean value. In the last column of this table, con-
centration of DNA in each of the cell nuclei ieb represented.

             Table 4. DNA cencentration in cell nuclei of some plants.

Species Dr A content per cell
   (Å~10un9rng)

Osc•iglatoria timosa

SPiregyra sp.

Ma•rcliant{.a Pol>,morPka (Thalli)

V'icia faba (Root tips)

I
E

l

 8.1

 2.9

 0.48

64.4*S•:

Nuclear volume
    (tt3)

i

158.3*

112.9

 28.6

405a2

DNA concentration
 ( >< 10-'2 mg/pL3)

I
i

 51.2

25.7

 16.8

158.9

 * Volume of central bodies was determined.
;itij Determination of DNA per ce]1 was carried out by SiffhN'KE and IsHmA (unpublished) with
  a modified ScHMmT and THANNHAusER's method and PVM-method for estimation of nttcleic
  acid-P.

   As seen in tkis table, concentratioR of DNA in cells of tkree FeLilgen
negative plaiits uwged iR this stu(ly }s of the same level in all cases, but miich
lower than these of Vicia root tips. From the results of Experiment 6, it is
assumed that FeulgeR color lntefisity partly depends on tke concentration of
D]251A in cell nuclei.

                       Discussion and Conclusion

   Mechafiisra on chemical basis of Feulgen .eÅíaining has not still been cieared,
but this staiRing method has widely been used foy DNA detection in cells by
many cytologists. Cell nuclei of most erganisms give the positive .vtaiRifig witk
FEorGEN's rnethod. However, it has been obseerved by seveya} authors that cell
nttclei of certain plaRts are llot stained with this method (BoAs and BiEc}iEm,
1932; SmN_ ua and SN.iGENAGA, 1933; HiLLARy, 1939; UEDA, l956).
   It was reported in the previous paper that cel!s of Oscilgatoria limosa, Mar-
clia•n.tia Polymo?'Plia and Spirogyra sp. contained certain amount of DNA, wltile
tkese cell nuclei were not stained witk I?EurGEN's method, and that DNA isolated
from these plaRts gave positive test with FEuLGEN's method in vitro (IsHmA,
1961a). Moreover, it must be noted here tkat amounts of DNA contained in a
single cell of Osciilator•ia limosa and SPirogyra sp. were the same leve} with those
of cells of Feulgen positive animal organs such as pancreas, Shymus, spleen and
l<idney of rat and fowl liver (cf. LEsLm, 1955). These facts show, at least, tkat
negative Feulgen staining of cell nuclei in tkee.e plants is not due to the abseRce
of DNA, though the causes ef this pheRomenon have not been cleared yet.
    The causes of negative I?etdgen stainlng have been discussed by NiLLARy
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(1939) and MiLovmov (1949), but basis of these discussions is rather morphel-
ogical t'han cytochemlcal. k may be stated tkat the causal analyses of the
negative Feulgen staining, based on the cytochemical experiments, have not been
carried out yet. In the cytechemica} study, reported in the present paper,
several factors which bear important relations to the negative Feulgen stalning
are found.

   It was assumed by MiLovmov (1949) that ckemical difference of DNA itself
must be regarded as ene of tlie factors which carried an important relatlon to
tke development of Feulgen color in histochemical preparations. More recently,
LAL•A}n'D (1952) and TAMM et al. (1955), from the resulÅís of their biochemical
studies of DNA of several different sources, arrived at a conclusion that intensity
of Feulgen reaction color correlaÅíed with tke purine content of DNA. On the
otker hand, it wae. reported that ratio of purine to pyrimidine of DNA was
nearly one in most organisms (CKARGAFF, 1955), wkile results obtained in the
previous paper shewed that this ratio in Oscillatoria DNA was mucla lowerthan
one. In the present .etudy, similar results were obtained in the ratio of Feulgen
value of Osc•ilgatoria DNA to that of calf thymus DNA in wk2ch the ratio of
purine to pyrimidlne was one.
   From the experimental re.eults eotated above, it would be coRcluded that the
negative Feulgen staining in Ose"tatoria cell.e was partly due to the fact tkat
purine centent of DNA of this alga was low.
   It was reported by BRi>iGMANN (1950) that a fairly large amount of DNA
wae. eluded frem Osciilatoria cells into MCI solution during hydrolysis. He also
pointed out that Feu}gen negative staining was due to such easy elusion of DNA
during hydrolysis. Results of the present investigation show that part of DNA
in cells extrudes from cells into HCI or the hydrolysing agent, and theere i.e
marked differeRce iR the relative amount of extruded DNA in HCI between the
Feulgen negative alga, OscMatoria, and Feulgen positive alga, CladoPkora. The
cause of this difference was not cleared in the present experimellt, however.
   Results obtained in the presenS experiment showed that tke protein.e iso}ated
from OsciUatoria aRd SPiyogyra iRhibited the development of Feulgen color more
strongly tkan those from Vicia root tips. Inhibitlon of the development of
Feulgen color by the presence of proteins was also reported by SwiFir (l950,
1955) who .ehowed tkat ceytain g}obulin fraction partially inhibited the Feulgen
co}or development and tkat Feulgen color intensity of certain cell nuclei was
increased by a loss 'of protein.e.

   CoHEN (1945) showed that hydrolysed DNA combined with tryptophane in
acid solution. The resttlt of the present experiment seemed to accord with tkat
obtained by CoHEN stated above. Most amino acids, contrary to tryptophane,
did not give any significant effect on the development of Feulgen coior.
   It was pointed out by MiLoviDov (i949) that oite of the causes of negative
FeulgeR staining observed IR many plant cel}s was due to presence of tannin.
MiLoviDov (1936) observed tltat the intensity of Feulgen staiRiBg iR tissue sec-
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tions was decreased after they were treated with tannin solution, and assumed
that tannin hindered the penetratioR of ScmFF's reagent.
   In HiLLARy's experiments, it was shown that tannin dld not inhibit the
Feulgen color development in cytological preparations when cell$ were fixed
with CARNoy's fluid. Results obtained in the present experimeRt in vitro showed
that tannin did not inhibit Feulgen reaction.
   As an important factor oR the causes of negative Feulgen staining, DiNA
concentration of cell nuc}ei must be also taken into consideration. Results
obtained in the present investigation have sbown that there were some significant
diffeerences in DNA cencentration among cell nuclei of Feulgen negative plants
used in this study. However, significant difference in DNA concentration be-
tween tke cells of Feu}gen positive and negative plants used was found, that is,
DNA coBcentration in cell Ruclei of iVicia root tips was much higher than that
in Oscillatoria limosa, SPirogNra sp. ancl Marclia•ntia PolymorPka.

   An assumption that }ow concentration of DNA was a factor of negatlve
Feu}gen staining has been expressed by several authors. SwiFT (l955) stated
that DNA concentration in certain cell nttclei was obviously too diluted to
produce visib}e staining. MARsi{AK (1958) expiAebesed a view based on aR obser-
vation of echinoderm eggs that negative Feulgen staining feund iR this anima}
was not to be accounted for by dispersion of small amount of DNA iR a large
cell ngcleus, but due to degradation of polymerlzed DNA in cerÅíaiR deve}op-
mental stages of these eggs. These assumptioRs stated above were dfierent from
one anotheur, but coRcluded from the results of the present experimeBts that
DNA coRcentratioR of cell nuclei could be regarded as ofie of the important
factors which determine the Feulgen stainability of ceil Ruciei in kistockemical
preparations.
   It kas been shown in this paper that there are several factors which reduce
the Feulgen color development in vitro. Results of the present experiments show
that intensity oÅí tke Feulgen color is correlated directly with the purine content
of DNA, aRd certain proteins from Feulgen negative plants markedly inhibit tke
Feulgek color developmeRt in vitro. It has also been fo"nd tkat amount of
DNA eluded frorfi cells into HCI during kydyolysis is different as plants used
differed, that is, DNA in Osciltato?'ia cel}s, a Feulgen negative alga, is extracted
more easily from cells into KCI solution during hydrolysis tkan that ln Cladophora
cells, Feu}geR positive alga, aRd that concenÅíration of DNA iit cel} Ruciei is an
important factor which deterrnines the Feulgen color intensity.
   From the re.gu}ts of the present study, it is assumed that Regative Feulgen
staining is xxot caused by only one factor but caused by sevexal factors, according
to findings we have made in the present stgdy here recorded.

1) Causal analyses

        Summary

of negative Feuigen staining of celi nuciei were carried
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out by biochemical procedure. Several factors affecting the Feulgen color de-
velopment were ana}ysed in the present study.
   2) Amounts of DNA extruded from cell nuc}ei inte HCI solution, and those
remained in cell nuciei afÅíer various periods of HCI kydrolysis were determined.
Similar estimations were carried out on RNA and total nucleic acids. DNA in
celis of OsciUatoria, a Feulgen Begative alga, was extruded more easily fyom
cell nuclei into HCI solution during hydrolysis than DNA in cells of CladoPItora
which was Feulgen positive alga.
   3) Tryptophane inhibited the Feulgen color development in vitro, but other
amino acids used were not sigllificaBtly affected of the color development.
   4) Proteins isolated from Oscillatoria princeps, SPirogyra sp. inhibited tke
Feulgen color development in vitro more than that from yoot tips of Vicia
seedlings, a Feulgen positive plant.
   5) Feulgen color development was not affected by the presence of tannin
iii vitro. Tannin itself, however, showed positive in test with Feulgen method
in VitrO.

   6) Relation between purine content and Feulgen value of Oscillato?'ia DNA
was studied. Result obtained .ekowed thaS intensity of Feulgen color depended
on the purine content of DNA.
   7) Significant difference in DNA concentration of cell nuclei between
Feulgen positive and negatlve plaitts used was found.
   8) Results obtained in the present study showed that negative Feulgen
staiRing of cell nuclei was not caused by ofily one factor but caused by several
factors.
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