
Title
CHROMOSOMAL PROTEINS CAPABLE OF TNFLUENCING IN
VIVO LIVER ENZYMES : ESPECIALLY, CATALASE AND
PYRUVATE KINASE

Author(s) Miyazaki, Kaoru

Citation 大阪大学, 1976, 博士論文

Version Type VoR

URL https://hdl.handle.net/11094/214

rights

Note

Osaka University Knowledge Archive : OUKAOsaka University Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

Osaka University



CHROMOSOMAL PROTErNS

ESPEC:ALLY, CATALASE

CAPABLE OF TNFLUENCING rN

AND PYRuvATE K:NASE

VIVO L:VERENZYMES:

     by

Kaoru MZYAZAK:



                       ACKNOWLEDGEMENTS
                                              '
     The author wishes to express his thanks to Professor T.Horio

for his valuable discussion and guidance through this work.

     He also thanks to all colleagues, especiaZly Associate Professor

J.Yarnashita, Associate Professor K.Nishikawa of Kanazawa Medical

School, Dr.' A.Nakamura, btr. N.Muroya and Mr. Y.Nagao.



CONTENT

SUMb(LARY

:NTRODUCT:ON

MATER:ALS AND bEETHODS

   Animals and Tumor
   Assay of catalase Activity

   Assay of A,!t; vivo Liver Catalase•-depressing Activity

   Preparation of Nuclei and Chromatins frQm Various Tissues

   of Rats

   Preparation of Histone from Chromatin of Rhodamine

   sarcorna

   Separation pf Chromosornal Protein and DNA Presentii'n

   Chromatin by Molecular-sieve Fractionation on Sephadex G-

   200 Column in High Concentration of Salt
   Fractionation of :ntracellular Particles of Mouse Liver

   Cells

   Preparation of Catalase Antiserum

   Quantitative Analysis of Catalase Protein

   Assay of Pyruvate Kinase Activity

   Analysis of Pyruvate Kinase p:-:sozymes in Various Tissues

r' of Rats
                    '                  '   rsoelectric Separation

   Detiernination of Contents of Proteint DNA and RNA

                                         '   Reagents •
       '
RESULTS
                    '
   :. Content of in vivo Liver Catalase-•depressing Substance
                  •-

1

5

7

7

8

9

10

11

11

12

12

13

14

14

15

15



in Nuclei :solated from Various Tissues of Rats •
   r-l. 1!1!tL vivo Liver Catalase-depressing Activities,

   of Nuclei from Various Tissues of Rats 16
                                           '
   r-2. Catalase Activities of Various Tissues of Rats 17

::. Effect of Daily Repeated :njections into Mice of

Nuclei from Rhodamine sarcoma on Livelr Catalase

   ::-1. Change of Catalase Activity in Mouse Liver by

   Daily Repeated :njections of Nuclei from Rhodarttine

   sarcoma and Liver -- 18
   ::-2. Effect of rnjection' i'nto Mice of Nuclei from

   Rhedamine sarcoma on Catalase Activities of Particulate

   and Soluble F, actions from Livers '                                                         20
                                                     '   Z:-•3. Effect of :njection into Mice of Nuclei frorn

   Rhodamine sarcoma on Amount of Catalase Protein in

              '
:::. Effect of rnjection into Mice of Nuclei frorn

Rhodamine sarcoma on Turnover of Liver Catalase

   :r:-1. Effect of :njection of Nuclei from Rhodamine

   sarcoma on Rate for Restoration of Catalase Activity after

   :njection of 3-Amino-1,2,4-triazole ,,                                                         22

   r::-2. Change of Catalase Level in Liver by :njection

   of Aliylisopropyl-acetamide with and without Nuclei

   from Rhodamine sarcoma 24
:V. Effect of :njection into Rats of Nuelei or Chromatin

from Rhodarnine sarcoma on Pyruvate Kinase :sozymes in



     rV-1. :soelectric Separation of p:-rsozymes of Pyruvate
                                                           '     Kinase Present in Various Tissues of Normal Rats

     :V-2. Some Properbies of Various p:-:sozyTaes of

     Pyruvate Kinase
                             '                          '     :V-3. Effect of Growth of Rhodarnine sarcoma on Pyruvate

     Kinase p:--rsozynes in Liver .
     :V-4. Effect of rnjection into Rats of Npclei from

     Rhodamine sarcoma or Chromatins from the Tumor, Spleen

     and Liver on Pyruvate Kinase pr-:sozymes in Livers

  V. Localization of 2,!tL vivo Liver Catalase-depressing

   Substance in Chromatin Prepared from Rhodarnine s'arcoma

     V-1. Histone
     V-2. Non-histone Protein and DNA

  V:. :solation of in vivo Mver Catalase-depressing

   Substance from Nucleus Preparation frorn Rhodarnine sarcoma

   Free of Endogeneous Proteolytic Activity

      V:-1. Heat Treatrnent of Nucleus Preparation from

      Rhodamine sarcoma

      V:-2. Separation of NucZeic Acids and Protein in
                                            '                                           '

            '
      V:-3. Molecular-sieve Fractionation

      V:-4. :soelectric Separation

D:scus.sroN

REFERENCES

Tables :-V::

Eigures 1-32-

27

32

33

34

38

39

42

45

46

47

49

57

61

68



                              (1)

                                  '                             '
                            'SUMMARY

                    '         .     Localization and characterization of in vivo liver catalase--

depressing substance were studied, using rats.

1) Nuclei were isolated frorn Rhodamine sarcoma and from four differ-

ent organs of normai rats; brain, spleen, kidney, and liver. When

these nuclei were injected into mice, the catalase activities of

the livers decreased in the order of "Rhodamine sarcoma">"brain">

"kidney"="spleen">"liver". The homogenates of Rhodamine sarcoma

and brain hardly showed catalase activity, whereas those of spleen

and kidney showed approximately 10g and 40g, respectively, of the

catalase activity of that of liver.
                                             '                      '2) When nuc:ei from Rhodamine sarcema were injected into mice three

times every 24 hr, the catalase activities of the livers decreased

to one-third of the original activity. By the injection of sarcoma

nuclei into mice, the catalase activity with the soZuble fraetion

from hornogenates of the liver decreased more significantZy than that
                                    'with the particulate fraction frorn thern. :mmunoiogical titration

proved that the decrease of catalase activity in the livers of mice

injected with sarcoma nucZei was brought about by decrease in the
                                       ,
                            'arnount of catalase protein. '
3) :n the mice, whose liver catalase activity had been irreversibly

inhibited by injection of 3-amino--1,2,4-triazole, the initial rate

for the restoration of the liver catalase activity was significantZy

slowed by further injection of sarcoma nuclei. When the inhibitor
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of catalase biosynthesis, allylisopropylacetarrtide, was injected

into mice, the activity level of the liver catalase decreased. The

extent of decrease by the injection of the inhibitor was slightly .
                         .Iower than that by the injecti.on of sarcoma nucZei, which was almost

the same as the extent of decrease by the injection of sarcoma nuclei

plus alZylisopropylacetamide.
   ' :t is conceivable that the catalase biosynthesis in the liver

was inhibited by the injegtion of sarcoma nuclei in almost the sarne

manner as by the injection of allylisopropylacetamide. However, it

is not certain whether the degradation of liver catalase was slightly
                                                   '                                +stimulated by the injection of sarcoma nuclei. . •
4) Pyruvate kinase in various tissues of rats was separable into

seven kinds of p:-isozynes by isoelectric separation with Ampholine

carrier ampholytes; p: 5.4-isozymet p: 5.6-isozyrnet p: 6.2-isozyme

(two kinds)r pZ 6.6-isozyme, pr 7.4-isozyme and pr 7.8-isozyme. .

Some of these pZ-isozymes contained bound fructose lt6-diphosphate

(FDP). The bound FDP was completely dissociated when the p:-isozynes

were salted out with ammonium sulfate. :n the FDP-free forrn, pyruvate

kinase was classified into three typest liver-type (type L) of p: 6.2t

muscZe-type (type M) of pZ 7.4 and spleen-type (type M2) of p: 7.8.

The liver- and spZeen-type isoenzymes had two kinds of FDP-binding

sites, but not at all the rnuscle-type isoenzyme.

     When Rhodamine sarcoma grew on the back of rats,'the content of

spleen-type isoenzyme in the iivers increased. When rats were injected

with nuclei from Rhodamine sarcoma and with Chromatini:from the turnor
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                                                 'or spleent the content of spleen-type isoenzyme in the livers again
                               'increased. This was not observed on the injection of chromatin from

livert indicating that the substance capable of increasing the

spleen-type isoenzyme in liver was present in chromatins of sarcoma

and spleen but barely or not at all in chromatin of liver.

5) Chromatin was prepared frorn Rhodantne sarcoma and then fraction-

ated into the three components; histone, non-histone protein, and

DNA. When these fractions were injected into mice, the catalase

activities of the livers decreased with the histone and the non-

histone protein but not with the DNA. At small dosest the extent of

the decrease with the non-hist6ne protein was significantly higher

than that with the histone. Poly-L-lysine. a synthetic poly-cation,

when injected into micet also decreased the catalase aetivities of

the livers to alrnost the same extent as the histone. By isoeiectric

separation, the non-histone protein was further divided into two

fractions; one of pZ <4 and the other of pZ 4-7. When these two

fractions were injected into mice, the p: 4-7 fraction decreased the

catalase activities of the livers significantiy at smaIZ doses, but

not the p: <4 fraction.
                                           '     These findings indicate that two different kinds of il,!tL vivo

liver catalase-depressing substance are present in the chromatin;
    'one is hisYone and the other a non-histone protein, Probably, the

forrner is not different in kind and arnount for all organs, and lower

the catalase activity of acell, the higher the content of Lt vivo

liver catalase-depressing nen-histone -pr6tein.
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6) Nuclei prepared frorn Rhodamine sarcorna was heated in order to

inactivate endogeneous protease and then washed with a mixture of

chloroform and rnethanol (2:1), followed by extraction of ehromatin.

The chromatin thus obtained was fractionated into protein and DNA.

When the protein fraction was further subjected to raoiecular-sieve
     'fractionation on a Sephadex G-200 column and then to isoelectric

separation, a single protein having a molecular weight of approxi-

mately 60,OOO and a p: vaZue of 5.0 was obtained. The purified acidic

protein, when injected into micet depressed the catalase activities

of the livers to a significant extent. Therefore, it was concluded
         'that the acidic protein was the original form of Lt vivo liver

catalase-depressing substance. '
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                          :NTRODUCTrON•
                                     '
                                 '
     Greenstein and Andervontl) reported that animals bear tumor,

some enzymes in the livers are affected in activity. Of the several

liver enzyrnes exarnined so far, the activity of catalase (H202:H202

oxidoreductase, EC 1.11.1.6) is the rnost significantly decreasedt
'regardless of the kind of tumor.2'3) First of au, Nakahara and

Fukuoka4) demonstrated that when extracts from various kinds of

tumor are injected into mice or rats, the eatalase activities of

the livers are decreased, designating the effective substance as

"toxohormone". Since then, many workers attempted to,purify and
                    +                                            'characterize toxohormone,5"'7) but their attempts have been mostiy

not successfui; there are rnany discrepancies among their reports.8'9)

     iylatuo et al.10-i2) found that in Rhodamine sarcoma, in vivo

liver catalase-depressing substance (toxohormone) is bound with

intracellular particles, and that it can be solubilized therefrom

when the particles have been washed with a mixture of organic solvents.

Using the soluble preparation, they succeeded in partial purification
                                                        '                                                   13)of the depressing substance. Recently, Kannan et al.                                                       demonstrated

that Lt vivo liver catalase-•depressing substance is localized in the

chromatin of Rhodamine sarcorna cells, ' and that in norrnal animals, it

is present also in a nuelear fraction frorn dorsal muscle cells, but ;,
               'hardiy in that from liver ceUs. on the other hand, Nakamura et al.!4)•

found that when Rhodamine sarcorna growS on the back of rats, or when

chromatin prepared from the tumor is injected into rats, the content
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of type M2 isozyme of pyruvate kinaser which is the major isozyme

in the tumorr significantly increases in,the livers, indicating that

the chromatin of Rhodamine sarcoma contains a substance capable of

increasing type M2 isozyrne of pyruvate kinase in liver as well as

in vivo liver catalase-depressing substance. .-                 '     The present paper deaZs with studies on localization and char-

acterization of in vivo liver catalase-depressing substance in
                -
                                 'chromatin of Rhodamine sarcoma.
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                                       '
                      MATERZALS AND METHODS

Animals and Tumor Adult male rats of the Donryu strain weighing

ZOO-l50 g and female white rabbits weighing approximately 2.5 Kg

were purchased frorn Nihon Dobutsu Co.r Ltd., Osaka. Male mice of the

ddO strain weighing 15-20 g were supplied frorn the Junkei Dobutsu

Jigyoshat Medical Schoolr Osaka University. Aninals were fed on a

solid diet (Oriental Yeast Co.r Ltd.t Osaka). Rats bearing Rhodamine

sarcorna (Urneda) were a gift from Professor S. Fujii, the Medical

School, Tokushima University. The tumor tissue was hashed with scis-

sors and then rnixed with a small amount of streptomycin powder.

Approximately O.5 g in wet weight of the hashed tumor tissue was

implanted into the subcutaneous region on the back of each rat. :t

took about 14 days for the planted tumor to grow into approxirnately'

20g of the weight of the whole body. '
!tEE9:L9!;S9S9EL2Eg-IEgS"LEI!EzfCt1 At t Catalaseactivitywasassayedaccording
to the rnethod of Bonnischen g:tL g,1!,.15) The standard components of the

reaction mixture for the assay of catalase activity were O.4 ml of

                                                               '30 mgl H202 and 3.2 ml of O.1 M sodium phosphate buffer (pH 7.0).

A mixture of the standard components was incubated at 25e for ZO min.

The reactien was started by adding O.4 ml of an enzyrne solution and

stopped by adding 2.0 rn1 of O.36 M H2S04 solution. Each of the re-

action mixtures contained the amount of liver equivalent to O.179

rnglml in wet weight. With one enzyme solution, three reactions were

carried out at 250 for O, 20, and 40 sec. The amounts of H202 in the
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resulting reaction mixtures were titrated with 2 rnl! KbEn04. Cataiase

activity is expressed by the value of Kobs (the first-order reaction

rate constant) calculated by the foilowing equation: '

                          'I          ' Kobs" 2t3 iog g:

where So and St represent the volumes of 2 rnl\l KMn04 required for

titration of the reaction mixtures at the reaction tirne O and t sec,

respectively. The average value of Kobs in the reactions for 20 and

40 sec is presented.

Assa of in vivo Liver Catalase-de ressin Activit Assay of A,!tL

vivo liver catalase-depressing activity was carried out by the method
of Matuo g!tL g,1;.12) samples were dissolved in O.i5 M NaCl or O.ol M

sodium phosphate buffer (pH 7.0). For the assay, mice or rats were

divided into some groups, one for the control and the others for

the sarnples. The mice or rats for the sample groups were individually

injected with O.5-1.0 rn1 of a sampie solution at the subcutaneous

region on the back of the animals, and the rnice or rats for the con-

trol with an equal volume of the same solvent as that used for dis-

solving the sample. The injected mice or rats were kept on water

without supply of solid diet for 24 hr, except for the case of daily

repeated injections of samples into mice or ratst in which the in.

jected. animals were kept with unlimited supply of water and diet.

They were then decapitated and their livers were removed. The livers

were separately homogenized in 7 volumes (v/w) of cold O.1 M sodium

phosphate buffer (pH 7.0> with the use of a Potter-Elvehjem hornogenizer.
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Portions of•the liver homogenates were futher diluted 70-fold with

the buffer containing O.3g Triton X-100. Each of the diluted so-

lutions was immediately used as an enzyme solution for the assay

of catalase activity described above.

Pre aration of Nuclei and Chromatins from Various Tissues of Rats

     Various tissues freshly obtained from rats were finely miced

with scissors and then homogenized in 9 volumes (v/w) of IO rnl\l Tris-

HCI buffer containing O.25 M sucrose and 2 ml\l MgC12 (pH 7.5)t with

the use of a Potter-Elvehjem homogenizer. The resulting homogenate

was filtered through 4 layers of gauze sheets in order to remove

tissue debris. The filtrate thus obtained was centrifuged at 1,500 g

for 10 min. For washingt the resulting precipitate was suspended in

the sarne buffer solution as that described abovet followed by cen-

trifugation at l,500 g for 10 min. The washed precipitate was Sus-

pended in 10 rnl! Tris-HCZ buffer containing O.25 M sucrose (pH 7.5).

The resulting suspenSion was layered over 3 volumes (vlw) of 10 mM
                                                               =                                     'Tris-HCI buffer containing 1.7 M sucrose in centrifuge tubes, foilowed

by centrifugation at 55tOOO s for 3 hr. The precipitate thus obtained

was washed twice with 7 volumes (vlw) of O.15 M NaCl by eentrifugation.

The ,washed precipitate was suspended in the saline solution and used

as the nucleus preparation. For the preparation of chromatin, the

lastly washed precipitate was suspended in 5 volumes (vlw) ef O.2 m!!l

EDTA (pH 7.0) and the suspension was homogenized for 3 min in a Waring

blendor. The hornogenized suspension was stirred at 40 for 2 hr in order

to extract chrornatin, and then centrifuged at 105tOOO g for 30 min.
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The supernatant was concentrated by ultrafiltration through an xbc-

100 raembrane filter with the use of an Amicon Diaflo apparatus. The

concentrated sarnple was used as the chromatin preparation. Approxi-
mately 501 of the amount of'  DNA present in the original tissue ho-

mogenate was recovered in the chromatin preparation.

Pre aration of Histone frorn Chromatin of 1thodarnine sarcoma Histone

was prepared from chromatin according to the method of Fambrough
et al.16) The chrornatin of Rhodamine sarcoma described above was

dissolved in a volume of cold distilled water so that the DNA

concentration of the resulting suspension would be lower than 500

pglrn1, followed by homogenization. The resulting solution, while

being stirred in an ice-water bath, was slowly supplemented with

one-fourth the volume of cold O.5 M H2S04. After further stirring

for 30 min, the solution was centrifuged at 12,OOO s for 30 min.

The supernatant was saved, and the precipitate was resuspended in

a smaller volume of cold O.2 M H2S04. The solution was stirred for

30 min and then centrifuged. These two supernatants were combined

and supplemented with 4 volumes of cold ethanol in order to pre-

cipitate histone. When the mixture was stored below -100, the pre-

cipitation of histone sulfate was completed within 24 hr. The

rnixture was then centrifuged at 12tOOO g for 30 min. The white pre-

cipitate thus obtained was washed three times with cold ethanol,

finely broken with a glass rod, and then dried in vacuum. The dried

material was composed of basic protein (histone), free of acidic

protein, DNAr or RNA.
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Se aration of Chromosornal Protein and DNA Present in Chroma in b

Molecular--sieve Fractionation on Se hadex G-200 Column in Hi h

Concentration of Salt The chromosomal protein and DNA present

in chromatin were separated by molecuZar-sieve fractionation on

a Sephadex G-200 column, earried out in the presence of 2 M NaCl
                                         17)according to the method of Georgiev et al.                                             To 5e ml of chromatin

solution containing approximately 150 mg of protein and 50 rng of

DNA was added solid sodium chloride to make the final concentration to

2 pat followed by homogenization with the use of a Potter-Elvehjem

homogenizer. The homogenate was vigorously stirred overnight in a

cold roorn (40) and then centrifuged at 105,OOO g for 30 ntn. The
                                                                  '
clear supernatant was passed upward through a Sephadex G-200 colum
                                                     '(5 x 100 crn) eguipped with an upward-flow adaptor (Pharrnacia Fine

Chemicals, Uppsala). The charged colum was deveioped with 2 M NaCl

solution at a flow rate of 120 ml/hr controlled by a Mini Flow Micro-

pump, type 450Z (LKB Produkter AB., Stockholm-Bromma). The eluate

from the colum was divided into 20-ml fractions. The DNA and protein

contents of each fraction were estimated on the basis of absorbance

at 260 nm and by the Lowry-FoZin method, respectively.

Fractionation of rntraceilular Particles of Mouse Liver Cells The

livers removed frorn mice were perfused with an ice-cold O.l5 M NaCl

solution to reraove the blood, and the perfused livers were homogenized

in 7 volumes (v/w) of 5 mllrI Tris-HCI buffer containing O.25 M sucrose

and O.lg ethanol in order te prevent the Åíormation of the inactive

catalase complex rZ, with the use of a Potter-Elvehjern hornogenizer.
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The resulting hornogenate (liver homogenate) was subjected to differ•-
                                                              18)ential centrifugation according to the method of de Duve et al.

The cells and nuclei were precipitated by cectrifugation at 700 g

for 10 min, the supernatant thus obtained was then centrifuged at

11,OOO g for 15 min, and the resulting precipitate and supernatant

were separated. The former was centrifugally washed with the buffer

described above and the washed precipitate is called "particulate

fraction". The supernatant was further centrifuged at 105,OOO s for

Z hr and the supernatant thus obtained is called "soluble fraction".

Preparation of CataZase Antiserum Mouse liver catalase was purified
by the method of price et ai.19) Antiserum against ' cataiase (catalase

antiserum) was prepared according to the procedure of Higashi and
peters.20) Ten mg of purified catalase showing a specific activity

                                    'of 3.7 x lo7 M-lsec-1 was emuisified in an equai voiume of compiete

Freund's adjuvant (Difco), and injected intramuscularly into female

white rabbit weighing 2.5 Kg. Four weeks after the injection, a

booster injection of 4 mg catalase was given. One week after the

booster injection, the rabbit was bled, and the serum was collected

by severing the carotid artery and stored at -200. This serum is

called "catalase antiserum" and it was positive in the ring test at

1:64 dilution.

Quantitative Anal sis of Cataiase Protein The arnount of catalase

protein present in liver extracts was estimated by
                              21)method'of Ganschow and Schirnke.                                  Mouse liver was

iO volumes (v/w) of 50 ml! sodium phosphate buffer

the' immumotitration

homogenized in

(pH 7.0). To the
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resulting homogenatet one volume <v/v) of 1.0" sodium deoxycholate

solution was added in order to solubilize the particle-bound catala' se.

The resulting solution was incubated at OO for 30 min, followed by

centrifugation at 105,OOO g for 60 min. The clear supernatapt thus

obtained (deoxycholate liver extract) was subjected to quantitative

analysis of catalase protein. Cataiase antiserum was added to a

definite voiume of the deoxycholate liver extract, and the mixture

was incubated at 370 for 30 min and then at 40 for 24 hr. During

this incubation, immunoprecipitate was formed and removed by cen-

trifugation. The cataZase activity remaining in the resulting clear

supernatant was determined. The arnount of catalase antiserum to be

added to the deoxycholate liver extract was varied. The values of'

catalase activity thus measured were plotted as a function of the

amount of catalase antiserum (see Fig. 4). The minimum amount of

catalase antiserum required to precipitate aZl the catalase present

in the deoxycholate extract was estimated by extrapolating the linear

portion of the imrnunotitration curve.

Assa of P ruvate Kinase Activit The activity of pyruvate kinase
was measured according to the method of BU'cher and pfeiderer.22)

The standard reaction rnixture comprized O.5 ml of O.1 M Tris-HCI

buEfer <pH 7.5), O.1 ml of 20 m!!l phosphoenolpyruvate, O.1 ml of 20

rn!l AD•P, O.1 ml of 1.5 M KCI, 50 pl of O.2 M MgCZt 50 ul of 5 rnl\l NADH,

10 pl of 150-200 units/ml of lactate dehydrogenase (L-lactate:NAD+

oxidoreductaset EC 1.l.i.27), and water to make the total volume 'to

1.0 ml. rn some cases, fructose 1,6-diphosphate was added to the
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standard reaction mixture. The reaction was started by adding iO

or 20 pl of enzyrne sample to the standard reaction mixture, and

the decrease of absorbance at 340 nm was measured at 240, using a

Cary model 17 spectrophotometer or a reaction rate analyzer (LKB-

Produkter AB., Stockholm-Bromma). One unit of pyruvate kinase was

defined as the amount of enzyme that caused the oxidation of 1 urnole

of NADH R9!l Min.

Anal sis of P ruvate Kinase Z-Zsoz es in Various Tissues of Rats

   Normal and tumor-bearing rats were decapitated, and various organs

and the tumor were dissected out. Extracts from various tissues were
                                           14)prepared by the procedure of Nakarnura g3tL g,IL.                                               The extracts, without

desalting, were subjected to isoelectric separation with Ampholine

carrier ampholytes according to the method described below. Tn some

cases, solid ammonium sulfate was added to the above extracts to 70g

saturation, followed by centrifugation at 20,OOO g for 20 min. The

resulting precipitates were individually dissolved in O.1 M Tris--HCI

buffer (pH 7.5) containing 5 rn!! ethylenediarnine tetraacetate (EDTA)

and 10 ml\l 2-mercaptoethanol. The solution thus obtained were desalted

on a Sephadex G-25 column. This process is called "ammonium sulfate

treatment". The resulting desalted soiutions were subjected to iso-

electric separation. After electroZysis for 40 hr at O-20t the eluate

from the colum was fractionated and the resulting fractions (1 ml)

were measured for pHt absorbance at 280 nm and pyruvate kinase ac-

tivity.

!tLfigglgg!iASoel t S arat on :soeiectric separation was carried out with
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the use of Ampholine carrier ampholytes according to the method
of vesterberg and svensson.23) Ampholine carrier ampholytes were

                                                .purchased from LKB-Produkter AB., Stockholm-Bromma. A solution of

the ampholytes capable of producing a gradient of pH frorn 3 to 10

was used at a final concentration of R (w/v). The electrolysis

was carried out at O-•20 in a IOO-ml colum, which was designed by

us. After electrolysis for approximately 40 hr (approximately 7.00 V

and 1.3 mA at the steady state), the content was eluted from the

bottorn of the coZurnn and divided into 1- or 2-ml fractions. The

resulting fractions were measured for pH at O-20 and then other

properties, such as absorbance at 280 nm and enzyne activity.

Determination of Contents of Proteinr DNA and RNA The content
of protein was determined by the method of Lowry et az.24} with
                                                --                       '
the use of human serum aZbumin as the standard. The content ef DNA
was determined by the diphenylanine reaction of schneider,25) and

the content of RNA by the orcinoZ reaction, with the use of herring

sperm DNA and yeast RNA as the standards, respectively.

sRsgggg!uiEt Allylisopropylacetamide was a gift from the Hoffman-La

Roche & Co., Switzerland. 3-Ainino-lt2,4-triazol was purchased from

Nakarai Chemicals, Ltd., Kyoto. Poly-L-lysine was purchased from

Protein Research Foundation, Osaka. ADP was purchased from Sigrna

Chemicals Co., St.Louis, Missouri. Sodium phosphoenolpyruvate and

fructose 1,6-diphosphate were purchased from Boeringer Manheim GmbH,

Manheirn. NADH and lactate dehydrogenase were obtained from Oriental

Yeast Co., Ltd., Osaka.
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                            RESULTS

Z. Content of in vivo Liver Cata!ase-de ressin Substance in
Nuclei rsolated from vari6us Tissues of Rats

   r'1.

frorn Vaious Tissues of Rats
                                               13)     rt was previously reported by Kannan et al.                                                   that the nuclear

fractions from Rhodamine sarcorna and from dorsaZ rnuscles of normal

rats, but hardly the nuclear fraction from livers of normal rats,

depressed the activity of liver catalase to a significant extent

when the fractions were injected into mice. rn the present studyt

nuclei were prepared from brains, spleens, kidneys and livers of

normal rats, as well as Rhodamine sarcoma, and the UtL vivo liver

catalase-depressing activities of these nuclei were compared.

     Nuclei were prepared from Rhodamine sarcoma of rats and the four

different kinds of tissues of normal rats; braint spleent kidneyt

and liver. The contents of protein, DNA, and RNA of the nucleus

preparations were determined (Table Z). The ratio in weight of the

                    '
    '
                            Table :.

protein to the DNA varied from 2 to 4. These preparations were

stored in a frozen state without loss of in vivo livet catalase•-

depressing activity. Before use, they were melted and hornogenized.

An assumption was made that cells individually contained the same

rn vivo Liver Catalase-de ressing Activities of Nuclei
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amount of DNA in the nuclei, regardless of the kind of tissue of

rats. On the basis of this assumption, nucleus preparations from

different kinds of tissues were injected into mice weighing 20--25 g

at three different doses, O.45, 1.8, and 4.5 mg, in DNA (Table ::).

                           Table rr.

Therefore, the protein contents at each of these doses were somewhat

different in nucleus preparations from different kinds of tissues. '-

For example, at a dose of O.45 mg in DNA, the nucleus preparations

from Rhodamine sarcorna and from brain contained 1.8 and 1.5 rng of

proteinr respectively. The Rhodamine sarcoma nuclei showed the highest

depressing activity, indicating that it contained the highest amount

of in vivo liver catalase--depressing substance. On the contrary, the

liver nuclei hardly showed the depressing activity. These results
are in good accordance with those obtained by Kannan et al.13)

The brain nuclei showed the depressing activity to a significant

extent, aithough the extent was sornewhat lower than that with

the sarcoma nuclei. The depressing activities with the kidney and

spleen nuclei were lower than that with the brain nuclei.

   r-2. Catalase Activities of Various Nssues of Rats The cataiase

activities of the homogenates of Rhodamine sarcoma, braint spleenr

kidney, and liver were measured (Table Zrr). The liver homogenate

                            Table :rr.
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showed the highest catalase activity, whereas the sarcoma and brain

homogenates hardly showed catalase activity. The catalase activities

of the kidney and spleen homogenates were approximately 40g and

10g of that of the liver homogenate, respectively.

     On a comparison between the catalase-depressing activities

of the nuclei and the catalase activities of the tissues from which

the nuclei were obtained, it may be accepted that the content of

the catalase-depressing susbstance in nuclei is nearly in inverse

proportion to the catalase activity level of the original tissue

whether the tissue is normal or rnalignant.

:r. Effect of Dail Re eated :n'ections into Mice of Nuclei frorn

Rhodamine sarcoma on Liver Catalase

   rr-1. Chan

rn'ections of

e of Catalase Activit in Mouse Liver b Dail Re eated

Nuclei from Rhodamine sarcoma and Liver

previously, it was found that the nucleus preparation

sarcoma showed the highest liver catalase-depressing

exarnined five nucleus preparations, but the liver nucleus
did the Zowest one. Zn the presenÅí study, both nucleus

were daily injected into mice three times, and the effect

injections on the liver catalase activity was examined

     Normal mice (approximately 30 g'in body weight)

into .four groups. Each group consisted of 3-4 rnice. One

injected with O.15 M NaCl solution and the remaining

were injected with 4.8 mg in protein of the sarcoma nucleus

ration. Of these three groups, two groups were again

   As described

 from Rhodamine

activity of the

     preparation

  preparations

     of the

 .

were divided

   group was

three groups

       prepa-

injeeted with
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4.8 mg of the sarcoma nucleus preparation 24 hr after the first

injection. Of the resulting two groups, one group was further

injected with 4.8 rng of the sarcoma nucleus preparation 24 hr after

the second injection. Injections were made subcutaneously on the

back of mice. All the mice were decapitated 24 hr after the respective

last injection, and the cataZase activity in the liver was de-

terrnined (Fig. 1)e

                             Fig. 1

     :n the group given one injection of the sarcoma nucZeus prepa-

ration, liver catalase activity was depressed to approximately 60*

of the original activity 24 hr after the injection. Doses higher
thah 4.s mg hardly increased the extent of depression. unless mice

were further injected with the sarcoma nucleus preparation, the

depressed activity was restored at such a slow rate that it would

reach almost the original level approximately 3 days after the

injection. On the other hand, injection of the sarcoma nucleus

preparation tvizo and three times caused further depression of liver

catalase activity. When the injection was made three tirnest liver

catalase activity was depressed to approximately 20g of the orig-

inal,activity. rn repeated experiments, the extent of depression

by three times of injection varied from 60g to 85g.

     When the liver nucleus preparation was injected into rnice in

the sarne rnanner as the sarcoma nucleus preparationt catalase activities
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of the livers were depressed to some extent (Fig.

                              Fig. 2

extent of depression was significantly lower than

sarcoma nucleus preparation; more than two-thirds

activity remained 24 hr after the third injection.

   Ir-2. Effect of :n'ection into Mice of Nuclei

2). However, the

that with the

of the original.

from Rhodamine

sarcoma on Catalase Activities of Particulate and Soluble Fractions

from Livers Normal mice were injected with the sarcoma nucleus

preparation in the sarne manner as that described above. Liver cells

from the injected mice were disrupted and fractionated into par-

ticulate and soZuble fractions. The resuZting two fractions were

then subjected to the assay of catalase activity (Fig. 3). :t was

                              Fig. 3

found that, by the injection of the sarcoma nucleus preparation, the

catalase activity in the soluble fraction decreased more 'rapidly

than that in the particulate fraction. By injection three timest

the activities in the soluble and particulate fractions were depressed

to approximately 25g and 50g of the original activity, respectively.

The extent of depression varied somewhat from one experiment to another.
These findings are in agreement with price and Greenfield,26) who

found that in the liver of tumor-bearing animals, catalase activity
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in the

the

   rr-3

sarcoma on

   soluble form

particle--bound

   . Effect of

 is more significantly

forrn .

 rn'ection into Mice of

depressed than that in

 Nuclei frorn Rhodamine

Amount of Catalase Protein in Livers

mice with and without one injeceion of the sarcoma

were extracted with O.5g sodium deoxycholate (pH

that all the catalase in the particle-bound form

in the presence of the detergent. Zmmunotitration

with the resulting liver extracts; the liver extracts

with and without injection of the sarcoma nucleus
                             -2                                            -2showed K            values of l.1 x 10                                and 2.4 x 10        obs
minimum amount of catalase antiserum required for

all the catalase present in O.4 ml of the liver

wet weight) was determined by extrapolation of

of the immunotitration curve. Doubtless, the minimum

obtained corresponds to the relative arnount of

The volumes of catalase antiserum were O.ll ml

lyr for O.4 ml of the liver extracts froTn the mzce

one injection of the sarcoma nucleus preparation

                             Fig. 4

proved that when the sarcoma nucleus preparation was'injectedt the

amount of liver catalase decreased. Tn the livers of ntce injected

with the sarcoma nucleus preparation three times every 24 hr, the

decrease in catalase activity was in parallel to the decrease in

   The livers of
                 '    nucleus preparation

  7). :t was found

  was solubilized

   was carried out

       from mice

   preparation

, respectively. The

   precipitatio.n of

 extract (5 mg8 in

the linear portion

 ' arnount thus
catalase present.

and O.2 ml, respective-

' with and without

  (Fig. 4). This
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catalase protein (Fig. 5). This finding is comparable to findings

                             Fig. 5

by other laboratories that the depression of liver catalase activity

either in tumor-bearing animals or in the animals injected with the

toxohorrnone is accompanied by decrease in the amount of catalase
        27-29)protein.

III. Effect of In'ection into Mice of Nuclei from Rhodamine sarcoma

on Turnover of Liver Catalase

   rll-1.

Rate for

Effect of rnjection of Nuclei from Rhodamine sarcoma on

Restoration of Catalase Activit after In'ection of 3-Arnino-

l,2,4-triazole Zt is well known that the activity of catalase is
                       '                                                           'irreversibly inhibited by 3-amino-l,2,4-triazole (aminotriazole).

rntraperitoneal injection of the inhibitor into animals causes a

rapid and significant decrease in activity of the catalase present

in the liver, and this decreased catalase activity is gradually
restored to the original level. price et al.19) studied the rate

for the recovery of catalase activity in rat liver after injection

of aninotriazole, and verified that the synthesis of new catalase

protein is responsible for the recovery. We repeated their experi-

ment in order to examine the effect of injection of the sarcoma

nuclelus preparation into nice on the turnover of catalase in their

liver. The liver catalase activity was almost completely inhibited

2 hr after the injection of 30 mg of aminotriazole into mice weighing
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              '
approximately 30 g, and restored to approxirnately 85g of the original

level after 3 days (Fig. 6). When 4.8 mg in protein content of the
                              '

                             Fig. 6

sarcoma nucleus preparation was injected into mice three times every

24 hr, in addition to the single injection oÅí aminotriazole at tirne O,

the restoration was significantly lowered both in rate and extent.

This indicates that the injection of sarcoma nucleus preparation

caused an impaired turnover (the diminished rate of synthesis and/or

the enhanced rate of degradation) of catalase in the liver, in ac-
cordance with the findings with the toxohorrnone.29f30)

     Liver extracts were divided into particulate and soluble

fractions according to the rnethod described above. It was found

that, Å}n the mice injected with aminotriazol, the catalase activity

in the particulate fraction was restored at a significantely faster

rate than that in the soXuble fraction (Fig. 7). [Dhree days after

                             Fig. 7

the injection of aminotriazol, the cataiase activity in the

particulate fraction was restored almost completelyr while the

catalase activity in the soluble fraction was restored to one-half

of the original level. This suggests that the turnover rates of

liver catalase were significantly different between the particle-
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bound and the free forms. When the sarcoma nucleus preparation was

injected three times every 24 hr, the restorations of catalase

activity in the particulate and soluble fractions were depressed

both in rate and extent. Mhree days after the first injection of

the sarcoma nucleus preparationt the catalase activities in the

particulate and soluble fractions were 40g and 252 of the original

levels, respectively.

   r!I-2. Change of Catalase Level in Liver b Injection of

All liso ro 1-acetamide with and without Nuclei from Rhodanine
sarcoma schmid et al.31) reported that allyzisopropyiacetarnide

inhibits the biosynthesis of catalase in the liver. rn the present

study, the reagent (2 mg/10 g body weight of mouse) was injected

into mice three times every 24 hr to inhibit the biosynthesis of

catalase. The catalase activity level in the liver decreased gradu-

ally by injections of ailylisopropylacetamide; i't was 35g of the

original level three days after the first injection (Fig. 8). This

                             Fig. 8

suggests that when catalase biosynthesis was inhibited, the catalase

activity level in the liver lowered by in vivo degradation of the

enzyrne. When the sarcoma nucleus preparation was injected together

with allylisopropyiacetamide, the in vivo degradation of catalase

was slightiy faster than when allylisopropylacetamide alone was

injected. However, it was found that the injection of the •Sarcoma
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nucleus preparation alone gave nearly the sarne degradation rate as

the injection of the sarcoma nucleus preparation + allyiisopropyl-

acetamide. rf the sarcoma nucleus preparation stimulated the catalase

degradation but did not inhibit catalase biosynthesis, the apparent

rate of catalase degradation ("degradation rate" minus "biosynthesis

rate") would be remarkably faster in the case of injecting the

sarcoma nucleus preparation plus allylisopropylacetantde (inhibitor

of biosynthesis) than in the case of injecting the sarcoma nucleus

preparation alone. This was not the case. Therefore, it is conceiva-

ble that the catalase biosynthesis in the liver was inhibited by

the sarcoma nucleus preparation in almost the same manner as by

aZlylisopropylacetamide. The fact that the sareoma nucleus preparation

invoked sZightly faster rate for the decrease of catalase activity

level than allylisopropylacetamide suggests the possibility that the

sarcoma nucleus preparation slightly stimulated catalase degradation

in the liver in addition to the inhibition of catalase biosynthesis.

However, further experiment is needed before such a conclusion can

be reached because it is not certain at present whether the inhibition

of catalase biosynthesis by allylisopropylacetamide was the same in

extent as that by the sarcorna nucleus preparation.

rV. Effect of In'ection into Rats of Nuclei or Chromatin from

Rhodamine sarcoma on P ruvate Kinase rsoz es in Livers
     zn lg6sr Tanaka and his associates32) observed two types of

pyruvate kinase (ATP:pyruvate phosphotransferase, EC 2.7.1.40) in
                                                                 33)rat liver; these were separable electrophoretically. In 1967, they

crystalZized the major type of the liver enzyme (type L) and a singie
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type of the muscle enzyrne (type M). These two types are distinguish-

able electrophoretically, immunoiogically, kinetically, in re-

activity to E-chloromercuribenzoatet in molecular weight, etc.

Since then, there have been many publications describing multiple
forms of pyruvate kinase in various tissues.34) Baney et al.35)

found that type L, but not type M, is allosterically activated

by fructose l,6--diphosphate.
     suda et al.36) reported that type M pyruvate kinase content

increased in the livers of Walker sarcoma-bearing rats.
     Tanaka et al., 33) using a block zonal electrophoresis, found

four isozynes of pyruvate kinase from rat liver; one of these four

isozymes was identical with type M isozyrne as regards electro-
phoretic mobility. However, susor and Rutter37) clairned, using

electrophoresis on a cellulose acetate membrane, that the type M

isozyrne present in the liver was different from the isozyme present

in the rnuscle. This conclusion was supported by Jimenez De Astha
      38)et al.
     imamura and Tanaka39) have succeeded in the purification of

a new type of pyruvate kinase from Ehrlich ascites tumor of rats,
designating it "type M2". Nakamura g:tL A,IL.,l4) by isoelectric sepa-

ration with Arnpholine carrier ampholytes, demonstrated that pyruvate

kinase present in various tissues of the rat is separable into five

pr--isozynes (differing in pl vaiue), and observed that type M2

(type K) was the major isozyme in kidney as well as in Rhodamine

sarcorna, and that it was also present in liver, spleent lung and
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erythrocytes. In addition, they demonstrated that type M2 content

increased in the livers of rats injected with chromatin prepared
                                                               40)from the nuclei of turnor cells. Recently, Ibsenr Basabe and Lopez

carried out similar experiments using Ehrlich ascites tumor cells,

and their findings were in good accord with those of Nakamura
      14)et al.

     rn the present study, the relationships among the various pl-

isozymes present in various tissues of rat were studied, together

with the effect of injection into rats of nuclei or chromatins from

Rhodamine sarcoma on pyruvate kinase isozynes in the livers.

   rV-1. Isoelectric Se aration of r-lsozymes of P ruvate Kinase

Present in Various Tissues of Normal Rats

      l-a) Liver: When extract$ frorn livers of normal rats were

subjected to isoelectric separation, the pyruvate kinase was separa-

ble into pr 5.4--, pr 5.6-, pr 6.2-, pr 7.4- and pr 7.8-isozymes

(Fig. 9). [Dhe pr 5.4-isozyrne thus separated, if subjected again to

                            Fig. 9

isoelectric separation, was rnostly converted into the pl 5.6- and

pl 6.2-isozymes (Fig. IO). rn repeated isoelectric separation, pl 5.6-

   '
                            Fig. 10 '

isozyme was converted into the pl 6.2-isozyme, whereas the pr 6.2-



(28)

isozyme did not change. When liver extracts were subjected to am-

monium sulfate treatment (as described previously) and then iso-

electric separation, pl 5.4- and pl 5.6-isozymes were hardly de-
tectable, whereas the pr ' 6.2-isozyme content increased signifi-

cantly and pl 4.9-isozyrne was newly formed; p! 7.4- and pr 7.8-

isozymes were hardly affected (Fig. 9). The resulting pr 4.9-

isozyme was labile, and it was not examined further in the present

study; jt seems likely that this isozyme was an artifact generated

by the ammonium sulfate treatment. The resulting pl 6.2-isozyme

was not influenced by repeated ammonium sulfate treatment.
     Hess et al.41) found, using the isoelectric separation method,

that two p!-isozymes of pyruvate kinase are present in pig liver

extracts, and that one is convertible into the other by binding

with fructose 1,6-diphosphate. Therefore, it is conceivable that

the conversion of pl-isozymes by repeated isoelectric separation

or ammonium sulfate treatrnent resulted frorn partial or complete

dissociation of fructose 1,6-diphosphate from enzyne molecules.

rn addition, ammonium sulfate treatment seems more effective than

repeated isoelectric separation in the dissociation of fructose 1,6-

dipho sphate .

     rn the present study, the liver pT 6.2-isozyrae fractions ob-

tained by isoelectric separations before and after ammonium sulfate

treatment were mixed with an equal volume of O.2 rn!I fructose 1,6-

diphosphate, and the resulting ntxtures were again subjected to

isoelectric separation. rt was found that the pl 6.2-isozyme was
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converted into pZ 5.4- and pl 5.6-isozymes and the ratio of activity

of the former to the latter was approxirnately 2:1. This ratio in-

creased with increasing concentrations of fructose 1,6-diphosphate.

The resulting pr 5.4-- and pl 5.6-isozymes were convertible into

pl 6.2-isozyme by the procedure described above. However, if the

isoelectric separation was prolonged, the pl 5.4-isozyme initially

forrned was gradually converted into p: 5.6-isozyme and then into

pl 6.2-isozyme.

     These results indicate that the three pl-isozymes present in

liver extracts are identical in protein species (liver-type iso-

enzyme), and that this isoenzyme probably possesses two kinds of

sites capable of binding with fructose 1,6-diphosphate; pr 5.6-

and pr 5.4-isoenzymes are types bound with fructose 1,6-diphosphate

at one and two kinds of sites, respectively, and pZ 6.2-isozyrne is

a type free of the sugar phosphate.

      1-b) Spleen: When extracts from spleens of normal rats were

subjected to isoelectric separation, the pyruvate kinase was divided

into pr 6.2, pZ 6.6-, p: 7.4- and pl 7.8-isozymes (Fig. U). Zn this

                             Fig. Il

experirnent, pZ 6.2-isozyrne content was significantly higher than

pZ 6.6-isozyrne content. However, in sorne spleen extracts, the pr 6.6-

isozyme content was significantly higher than that of pl 6.2-iso-

zyrner the total amount of these two isozyrnes being similar in all

spleen extracts. The resulting pl 6.2-isozyme, if it was again
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subjected to isoelectric separation, was mostly converted into

pl 6.6-isozyrner indicating that this pr 6.2-isozyme was obviously

different firom the liver pZ 6.2-isozyme in spite of the similar

pr vaiue (Fig. Z2). The pr 6.6-isozyrne was not affected ' by repeated

                            Fig. Z2

isoeiectric separations. When spleen extracts were subjected to

ammonium sulfate treatment and then to isoelectric separation, the

pr 6.2- and pr 6.6-isozymes were not observable, whereas the pr 7.8-

isozyme content increased significantly (Fig. 11). The pr 7.8-isozyme

obtained on ammonium sulfate treatment was not changed by repeated

isoelectric separations.

     The spleen p! 7.8-isozyme fraction obtained by isoelectric

separation after ammonium sulfate treatment was mixed with an equal

volume of O.2 mp fructose lt6-diphosphate, and the resulting mixture

<IO ml) was again subjected to isoelectric separation (Eig. I3).

                             Fig. 13

rt was found that the pZ 7.8-isozyme was converted into pr 6.2- and

pr 6.6-isozymes. rn some experiments, only pr 6.6-isozyme was formed.

The extent of the conversion increased with increasing concen-

trations of fructose l,6-diphosphate. rf the isoelectric separation

was prolonged, the pT 6.2-isozyrne initially formed was gradually
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converted into pl 6.6-isozyme, but yielded little pr 7.8-isozyme.

zn addition, it was found that pl 7.8-isozyrne was rnostly converted

into p! 6.2-isozyme w,hen 1 mlS fructose 1,6-diphosphate was added to

the whole of the solution placed in the electrofocusing column.

     These results indicate that the three pZ--isozyrnes present in

spleen extracts are identical in protein species (spleen-type iso-

enzyme), and that this isoenzyme, like the liver-type isoenzyme,

probably possesses two kinds of sites capable of binding with

fructose 1,6-diphosphate; pr 6.6- and pr 6.2-isozymes are types

bound with fructose 1,6-diphosphate at one and two kinds of sitesr

respectively, and pl 7.8-isoenzyme is a type free of the sugar
                                                  ,phosphate.

      1-c) Muscle: When extracts frorn skeletal muscles of normal

rats were subjected to isoelectric separation, only pr 7.4-isozyme

was detectable (muscle-type isoenzyme). The rnuscle pl 7.4-isozyme

was not influenced by repeated isoelectric separations before and

after ammonium sulfate treatment or with and without addition of

fructose 1,6-diphosphate. Therefore, it is conceivable that the

pr 7.4-isozyme possesses no kind of site capable of binding with

fructose 1,6-diphosphate.

      1--d) Other Norrnal Tissues: It was previousiy reported that

extracts from kidney, lung and erythrocytes of norrnal rats also
                                                          l4)contain pr 7.8-isozy:ne with pr 6.2- and/or pr 6.6-isozymes.                                                              When

these extracts were subjected to ammonium sulfate treatment and then

to isoelectric separation, most of the pl 6.2-isozyrne in the kidney



(32)

extracts and all of the pl 6.6-iSozyme in the lung and erythrocyte
                                             'extracts were converted into pZ 7.8-isozyme.

      1-e) Rhodamine sarcoma: When extracts from Rhodamine sarcoma

were subjected to isoelectric separation, the pyruvate kinase was

divided into p! 6.2-, pr 7.4- and pl 7.8-isozymes; ..the percentage

activities were l5 Å} 5g, 7 Å} 5g and 78 Å} 5g, respectively. With

respect to the behavior in isoelectric separation, the pl 7.4-iso--

zyme was identical to muscle p! 7.4-isozyme, and the pl 6.2- and

pr 7.8-isozymes were identical to spleen pl 6.2-, pl 6.6- and pr 7.8-

1sozymes.

     The amounts of pl-isozymes present in the extracts frorn various

tissues, previously subjected to ammonium sulfate treatment, are

sumarized in Table IV. The yields of the total activities arnounted

                           Table ZV

to ss + log.

   rV-2. Some Pro erties of Various I-Isoz es of P ruvate Kinase

   The results described above conclude that pyruvate kinase in

various tissues of rats, if they are free of fructose lr6-diphosphate,

are classified into the three types of isoenzymes, liver-type (p: 6.2),

muscle-type (pZ 7.4) and spleen-type (pl 7.8). This conclusion agrees
with that by Tanaka et ai.32'33'36'39) who caued spieen--type as

type M2 on the basis of the cross reaction of the antibody for the

muscle-type isoenzyme to the spleen-type isoenzyrne, but not on the
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basis of the organ which contains the isoenzyme rnost abundantly.

     FurtherTnore, these pl-isozymes obtained from extracts of livers,

spleens, skeletal muscles and Rhodantne sarcoma by isoelectric

separation before and after ammonium sulfate treatment were examined

and compared on various properties, $uch as molecular weightr
                                                           42)kinetics and binding property with fructose 1,6-diphosphate•

The molecular weight of spleen pl 7.8-isozyne was estimated to be

approximately 110,OOO by molecular--sieve fractionation. However,
thÅ}s value is half of that estimated by imamura et al.39) (M.w.

                                    43)216tOOO). Recently, :bsen and Trippet                                        reported that pr-isozymes

of pyruvate kinase from rat kidney are ultracentrifugally separabie

into two species different in molecular weight; their molecular

weight are l78,OOO and ll6,OOO.

     Nagao et al. have recently found, using spleen pX 7.8-isozyme

purified completely from Rhodantne sarcorna, that this isozyrne is

a dimer, which is composed of the sarne subunit having a molecular

weight of 60,OOO (to be published). In addition, they have directly
demonstrated, using l4c-fructose lt6-diphosphate, that the spleen-

                                                       '            'type isoenzyrne of pyruvate kinase has two kinds of sites capable of

binding with fructose l,6-diphosphate, and that these two kinds of

sites are considerably different in an ability to bind with the

sugar phosphate.

   rV-3. Effect of Growth of Rhodamine sarcoma on P ruvate Kinase

I--Zsoz mes in Liver

separation method, that

              l4)                  foundrNakamura et al.

 when Rhodamine sarcorna is

using the isoelectric

 transplanted in
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ratsr the total activity of pyruvate kinase in the livers increases

to a significant extent; pZ 6.2-isozyrne content increases, whereas

other pl-isozymes are hardly affected. Their results were reproduced

in the presenV study (Fig. 14). When extracts from livers of

                            Fig. I4

Rhodamine sarcoma-bearing rats were subjected to ammonium sulfate

treatnent and then to isoelectric separation, the pr 5.4-isozyrne

disappeared, while the pl 7.8-isozyrne content increased to a re-

markable extent. The results are summarized in Table :V. These data

indicate that the increase of total activity of pyruvate kinase

in the livers of rats on tumor transplantation was rnostly due to

the increase of the content of spleen pl 6.2-isozyme but not liver

pl 6.2-isozyme.

   :V-4. Effect of lnjection into Rats of Nuclei from Rhodamine

sarcoma or Chromatins from the Tumor, Spleen and Liver on P ruvate

tLSjI}gE92]tl=!Elga\!!!gr L Itwaspreviouslyreportedthatwhen
chromatin prepared from Rhodamine sarcoma is injected into rats,

the total activity of pyruvate kinase in the livers increases in the
same way as when the tumor grows in rats.i4) rn the case of injection

of sarcoma chrornatin, the pl 7.8-isozyne content increases to a sig-

nificant extentr unlike the case with tumor-bearing rats.

     In the present study, nuclei and chromatin were prepared frorn

Rhodamine sarcoma, and from spleens and livers of norrnal rats as
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well as the tumor tissuet respecivelyr and the effect of their

injections into rats on pr-isozymes in liver pyruvate kinase was
                                                  14)examined according to the method of Nakamura et al.

     When the sarcoma nucleus preparation was injected into rats

weighing l20-140 g at three different doses, 14, 28 and 56 mg in

proteinr and the extracts from the livers were subjected to iso-

electric separation after ammonium sulfate treatment, the relative

content of spleen pl 7.8-isozyme in the extracts increased remarka-

bly with increasing doses, whereas that of liver pl 6.2-isozyrne

decreased slightly (Table V). Since the total activity of pyruvate

                           Table V

kinase in the extracts also increased to a significant extent with

increasing doses, the actual content of the liver pr 6.2-isozyrne

in the extracts hardly changed, while that of the spleen pl 7.8-

isozyme in the extract from rats injected at the maximum dose was

rnore than two times the level in the extract from control rats.

In addition, it wa$ found that when the sarcoma nucleus preparation

was repeatedly injected into rats every 24 hr at a dose of 20 mg in

protein, the total actÅ}vity of pyruvate kinase and the relative

activity of spleen pl 7.8-isozyme in the liver extracts increased

continuously to rernarkable extents, respectively. The actual content

of the spleen pl 7.8-isozyrne in the extrace from rats injected three

times with the nucleus preparation was more than three times the
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level in the extract from control ratsr whereas that of liver

pr 6.2-isozyme did not change significantiy. Thus increase of the

spleen-type isoenzyrne content in the liver extracts from rats injected

with the sarcorna nucleus preparation was nicely in contrast to the

decrease of catalase activity level in the extracts as shown in

TabZe V.
                                                             14)     In order to confirm the fact obtained by Nakamura et al.,

the chromatin preparations from Rhodamine sarcoma, spleen and liver

were injected once into rats at a dose of 20 mg in protein, and

the liver extracts were subjected to ammonium sulfate treatment and

then to isoelectric separation. The results are summarized in

Table ZV. rn the case of tumor-bearing rats and rats injected with

the sarcoma chromatin preparationt the spleen pl 7.8-isozyrne content

increased to four to six times the levels in extracts from livers

of normal ratst whereas the liver pl 6.2--isozyme content decreased

slightly. The same kind of experiment was carried out with the

chromatin preparations froTn spleens and livers of normal rats. Xt

was found that when the spleen chromatin preparation was injected

into ratst and the liver extract was subjected to ammonium sulfate

treatrnent and then to isoelectric separation, the spleen p! 7.8-

isozyme content in the livers increased appreciably. The injection

of the liver chromatin preparation did not cause any change in the
                                                    'p:-isozyme pattern.

     These results, in good accord with the previous findingsr

indicate that chromatin' írom Rhodamine sarcoma contains a substance
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capable of increasing the spleen-type isoenzyme of pyruvate kinase

in liver besides the catalase-depressing substance, and that the

effective substance is present also in spleen chrornatin in somewhat

lower content than in sarcoma chromatin, but barely or not at all

in liver chromatin.

V. Localization of in \ivo Liver Catalase-depressing Substance

in Chromatin Prepared from Rhodamine sarcoma

     Chromatin was prepared frorn Rhodarnine sarcoma of rats by the

rnethod described above. rn rnost of the chromatin preparations

thus obtained, the ratio in amount of the protein to the DNA was

3 to 4 (Table Vr). This value is sornewhat higher than the value

                           Table VI

reported by other workers,44) who anaiyzed chromatin preparations

frorn other tissues of rats. The chromatin preparation, if injected

into mice, decreased the catalase activities of the livers to a

sign"ficant extent (Fig. I5).

                             Fig. 15

     The chromatin prepartion frorn Rhodamine sarcorna was fraction-
                                                     'ated into three major components; histone, non-histone protein, and

DNA. The resulting fractions were assayed for the in vivo liver
                               ,
catalase-depressing activity.
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   V-l. Histone Histone was extracted from chromatin with O.1 M

H2S04 as described above, and the acid-insoluble substance was

saved as the histone-free chrornatin (Table VI). The resulting

extract (histone in Table VZ) barely contained DNA or RNA. When

the extract was subjected to isoelectric separation, the substance

showing absorbance at 280 nm formed a single, sharp peak of

p! = 9.5 (Fig. I6). This indicated that the extract contained oniy

                            Fig. I6

alkaline proteins (histone). The fractions with pl values centered

at 9.5 were collected and mixed. The resulting mixture was used

as the histone preparation. The histone preparation showed in vivo

liver catalase-depressing activity, the extent of which increased

with increasing doses (Fig. 17). !t is known that histone Å}s composed

                            Fig. I7

of sorne basic proteins rich in L-lysine as well as L--arginine.

Thereforer the depressing activity was measured with poly-L-lysine
                             ,
and with L-lysine. Poly-L-lysine showed the depressing activity to
                                                          'practically the same extent as''the histone preparation, but not L-
                                                    'lysine.

     The histone-free chromatin was also subjected to assay of

in vivo liver catalase-depressing activity (Fig. i5). Despite the
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lack of hÅ}stone, it showed the depressing activity to almost the

same extent as the whole chromatin preparation. This suggests that

a depressing substance other than histone was present in Rhodamine

sarcoma chromatin, and that the Lt vivo liver catalase-depressing
activity of the former was significantly higher than that of the
                               'latter.

   V--2. Non-histone Protein and DNA Non-histone protein and DNA

were prepared from the chromatin of Rhodamine sarcoma by the pro-

cedure schematically shown in Fig. I8. A chromatin preparation was

                            Fig. I8

dissolved in 2 M NaCl and the resulting solution was subjected to

molecular-sieve fractionation on a Sephadex G-200 colum previously

equilibrated with 2 pa NaCl. In the presence of such a high concen-

tration of the salt, the proteins were almost completely dissociated

from DNA; thus, DNA having higher molecular weights than the ex-

clusion limit of the Sephadex (M.W.- approximately 200,OOO) was

eluted at a void volume of the column and proteins were mostly eluted

later (Fig. 19). However, a small amount of protein was still bound
                             ,

                             Fig. I9

with DNA, and the comp!ex of DNA and protein was eluted in DNA

fractions. The DNA fractions were mixed and the mixture was supple-
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mented with such an amount of CsCl that the salt concentration

would be 4 \, followed by centrifugation at 105,OOO g for 16 hr;

DNA was precipitated forming a pellet on the bottom of the cen-

trifuge tubes, whereas the protein formed a thin white filrn floating

on the surface of the CsCl solution. The precipitated DNA was

collected and desalted (protein-free DNA preparation). bn the other

hand, the protein fractions collected by the molecular-sieve

fractionation contained non-histone protein and histone, being

practically free of DNA. On the basis of their molecular weights,

it seems likely that non-histone protein is mostly eluted in the

fraction numbers from 45 to 80 (peak at No. 70), and histone in

the fraction numbers from 85 to llO (shoulder). Fractions for both

non-histone protein and histone (fraction numbers from 55 to 105)

were mixed. The mixture was concentrated-desalted by ultrafiltration

through a PM-IO mernbrane filter (exclusion limit in molecular weight,

approxirnately 10,OOO) with the use of an Arnicon Diaflo apparatus.

The concentxated-desalted .sample was subjected to isoelectric sepa-

ration (Fig. 20). Contrary to expectation, it was found that the

                            Fig. 20

content of histone was significantly lowered by the filtration.

Doubtlessr histone passed through the mernbrane filter because of

its lower molecular weight and fibrous rnolecular form. As expected,

the pl-A2so nm curve had severa! peaks in a weakly acidic region.
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The acidic protein was divided roughly into two groups; one with

lower pr than 4 and the other from pl 4 to 7. These two groups of

non-histone protein were separately dialyzed against water. The

dialyzed samples are called F-l (pl<4) and F-2 (pl 4-7>. These

two non-histone protein samples and the protein-free DNA preparation

were subjected to assay of in vivo liver catalase-depressing

activity (Fig. 21). Only F-2 showed the depressing activity to a

                            Fig. 21

significant extent at a dose of O.3 mg, and neither F-1 nor DNA

even at higher doses.

     Absorbance spectra were measured with the whole chromatin,

the protein-free DNA preparationr and the non-histone protein prepa-
                 'ration (Fig. 22). The protein-free DNA preparation showed a peak

                            Fig. 22

at 26o nm and a trough at 233 nm with a ratiO Of the A26o nm tO

the A23o nm Of 2.6 (Fig• 22"'b). The whole chrorriatin preparation

showed a peak at 258 nm and a trough at 239 nrn, with the ratio = O.92

(Fig. 22-a); this value is somewhat lower than that with calf thyrnus
chromatin,45) but it increased to 1.3-1.4 when whole chromatins

were extracted with 2 M NaCl. The absorbance spectrum of the whole

chromatin preparation resembled that of the effective substance
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isolated by Matuo.10) The non-histone protein preparation showed

a peak at 280 nm without a hint of a peak at 260 nm (Fig. 22-c).

This spectrum resembles that of non-histone protein prepared from
          46)rat liver.

VI. Isolation of in vivo Liver Catalase-depressing Substance

from Nucleus Preparation from Rhodamine sarcoma Free of Endogeneous
Itl!I12Sggtz!i!s-l!g!!l,yEL9;LroteoltcAct t

   VI-l. Heat Treatment of Nucleus Preparation from Rhodamine
                                       47-49)                                              that some chromatinsarcoma It was reported by some workers

preparations contained a trypsin-like protease which digested

histone and non-histone protein to a remarkably extent. In additionr
Matuo et ai.li) have urged the necessity of caution against the

proteolytic enzyme present in nuclear fraction of Rhodamine sarcoma,

which hydrolyzes in vivo liver catalase-depressing substance into

inactive peptides. In the present study, when the chromatin prepa-

ration from Rhodarnine sarcorna was incubated at 370, the chrornosomal

proteins and DNA were significanbly hydrolyzed to small fragments

soluble in 5g trichloric acid, indicating that the chromatin prepa-

ration contained significant amounts of endogeneous protease and

deoxyribonuclease (Fig. 23). As expected, sodium citrate inhibited

                             Fig. 23

considerably th6 deoxyribonuclease activity, while it activated the

proteolytic activity to a significant extent. The protease bound
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with chromatin was completely inactivated by heating at 90e for

3 min, but hardly or not at all by adding either soybean trypsin

inhibitor or sodium bisulfite, differing from the finding by Panyirn
      47)          that 5 mp sodium bisulfite inhibited the activity ofet al.

protease bound with calf thymus chrornatin (Fig. 24). The storage

                             Fig. 24

of chromatin preparation at OO seems not sufficient to prevent it
                                                    ll)from the proteolysis. On the other hand, Matuo et al.                                                        showed

that in vivo liver catalase-depressing substance present in nuclear

fraction of Rhodamine sarcorna is stable against heating at 1000

for 1 hr. On the basis of these facts, it was tried in the present

study to isolate original form of in vivo liver catalase-depressing
                                 -                  'substance from nuclei of Rhodamine sarcoma after heat treatment

to inactivate the endogeneous protease. The procedure for the iso-

lation of in vivo liver catalase-depressing substancer which some--

what differs from that shown in Fig. I8t was schematically shown

in Fig. 25.

                              Fig. 25

     The nucleus preparation from Rhodamine sarcoma was heated in

a boiling water bath for IO min in order to inactivate completely

the protease, and then washed with a mixture of chloroform and
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                                                         10)methanol (2:1) according to the method developed by Matuo,                                                            who

demonstrated that the washing of crude nuclear fraction with the

mixture facilitated the solubilization of in vivo liver catalase-

depressing substance. The washed nucleus preparation was dried in

vacuurn. The resulting dried powder was suspended in IOO volumes

(v/w) of water with the aid of a Waring blendor and extracted for

24 hr at 40 under continuous stirring, followed by centrifugation

at 105,OOO g for 1 hr. The extraction was repeated once more. The

combined extracts containing chromatin were dialyzed against water

and then lyophilized, followed by dissolving in O.Ol pa sodium

phosphate buffer (pH 7.0> to make the protein concentration to

approximately 1 mg/ml. Znsoluble material which occured in trace

was removed by centrifugation at 105,OOO g for l hr.
                 !1)     Matuo et al.                     found that when water-soluble extract from par-
                   'ticular fraction of Rhodamine sarcoma was incubated at pH 7.0 and 300

for longer than !9 hr, the arnount of precipitate (pH 4-ppt) which was

obtained by adjusting pH of the solution to 4.0 decreased significantly.

[Dhey concluded that the decrease of pH 4-ppt was due to the extent of

segmentation of the substances present in the extract by proteolytic

activity as contaminant. When a chromatin solution from the heated

nucleus preparation of Rhodamine sarcorna was incubated at pH 7.0 and 300

for various lengths of time, and then subjected to pH 4 treatment, the

chromatin content in the supernatant (pH 4-supe) hardly changed even

after the incubation for 40 hr (Table VII). This result suggests

                              Table VII
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                                                              For

further purification of in vivo liver catalase--depressing substance,

pH 4-ppt was used as a starting material. Although pH 4-supe also

has the activity, this fraction seems to contain rnainly active
                                           11)fragments which were formed by the protease.                                               The pH 4-ppt from

heated nucleus preparation was analyzed to contain 749. protein,

17g DNA and 80-. RNA. The pH 4-ppt was dissolved in O.Ol M sodium

phosphate buffer (pH 7.0), followed by centrifugation at 105,OOO g

for 1 hr. The resulting supernatant was supplemented with such an

amount of CsCl that the salt concentration would be 4 M, followed

by centrifugation at 105,OOO g for 16 hr. The tube content was

divided into 5 fractions and the arnounts of protein, DNA and RNA

were measured with these fractions (Fig. 26). DNA and RNA were

                             Fig. 26

precipitated on the bottom of the tube, whereas most of protein

formed floating layer on the surface. The upper one-third of the

tube content was collected and used as the protein fraction. Both

DNA and protein fractions were dialyzed against O.Ol M sodium

phosphate buffer (pH 7.0) and then subjected to the assay of in

vivo liver catalase-depressing activity (Fig. 27) [Dhe protein

                             Fig. 27

that the proteolytic activity was aZmost cornpletely

during the heat treatrnent of the nucleus preparation

   Vr-2. Separation of Nucleic Acids and Protein in

inactivated

.

  H 4-P t
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fraction showed the depressing activity as pH 4-ppt did, but not

DNA fraction. Consequently, the protein fraction was subjected to

further fractionations after removing inso!uble material by cen-

trifugation at i05,OOO g for 1 hr. This supernatant contained only

negligible arnounts of DNA and RNAr and its absorption spectrum had

a maximum at 277 nm.

   vr--3. Molecular-sieve Fractionatzon The solution of nucleic

acids-free protein was fractionated by molecular-sieving on a Sephadex

G-200 column (exclusion limit in molecular weight of dextran, approxi-

mately 200,OOO) (Fig. 28). Fractions around main peak (No.53 to No.63)

                             Fig. 28

were collected and concentrated by means of lyophilization. The

concentrated protein fraction, which showed Lt vivo liver catalase-

depressing activity (Fig. 29), was subjected to 2nd molecular--sieve

                             Fig. 29

fractionation on a Sephadex G-200 column (Fig. 28). The rnolecular

weight of this protein fraction was estimated to be approximately
60,OOO (p-6o,ooo), according to the method of Andrews50)using the sarne

                                                                  ll)rnolecular weight marker proteins as those described by Matuo e:t!L g,IL.
                                                                     Il)Contrary to the result with the use of samples without heat-treatment,

further segmentation hardly occured. The fractions around the peak were
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again collected and subjected to 3rd molecular-sieve fractionation

on a column of Sephadex G-iOO (exclusion limit in rnolecular weight

of dextran, approximately IOO,OOO) (Fig. 30). Single peak was

                            Fig. 30

again obtained. The molecular weight of approxirnately 60,OOO was

again calculated from the result with Sephadex G-100. rt was confirmed

by these results that the proteolytic activity in the sample was

almost completely inactivated by the prior heat treatrnent.

  VZ-4. Isoelectric Separation The main Åíractions frorn 2nd

molecular-sieve fractionation on Sephadex G-200 were collectedr

concentrated by lyophilization and desalted by dialysis. The re-

sulting sample was subjected to isoelectric separation with

Arnpholine carrier ampholytes capable of producing a gradient of pH

from 3 to 10 (lst isoelectric separation) (Fig. 31). Main peak of

                             Fig. 31

protein was obtained at around pH 5.0, which showed Lt vivo liver

catalase depressing activity (P-p! 5.0)<Fig. 29). Fractions around

main'peak (No.10 to No.13) were collected, desalted by means of
                                                    'dialysis and subjected to 2nd isoelectric separation with Arnpholine

carrier ampholytes capable of producing a gradient of pH frorn 4

to 6 (Fig. 32). Single peak at pH 5.0 with a slight shoulder at
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Fig. 32

higher pH range was obtained. When the peak fraction was subjected

to !nolecular-sieve fractionation on a Sephadex G-100 columnt the

same single peak was obtained as in Fig. 30. Thus purified protein

migrated in SDS-polyacrylamide gel electrophoresis, forming a

single band of protein. The molecular weight of the band was

estimated to be approximately 60,OOO, indicating that this is a

primer protein. The purified protein had absorption peak at 277 nm,

excluding the contamination with nucleic acids. Approximately

500 g in wet weight of Rhodamine sarcorna tissue yielded approxi-

mately 60 rng of purified protein.
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                           D:SCUSSION

                                                13)     It was previously reported by Kannan et al.                                                   that the nuclear

fractions frorn Rhodamine sarcoma and frorn dorsal rnuscles of normal

rats, but hardly the nuclear fraction from livers of normal ratst

depress the activity of liver catalase to a significant extent when

the fractions have been injected into mice. In the present study,

nuclei were isolated from brains, kidneys, and spleens of normal rats,

as well as livers of normal rats and Rhodamine sarcoma, and the in

vivo liver catalase-depressing activities of these nuclei were corn-

pared to one another. Zn a good accordance with the report of Kannan
et al.,13) it was found that nuciei from various tissues of normai

rats besides those from Rhodamine sarcoma, showed more or less the

depressing activity, indicating that an in vivo liver catalase-

depressing substance was present also in normal tissues (Table Ir).

Howeverr it is conceivable that the contents of the depressing

substance were different for the kinds of tissues from which nuclei

were isolated; the depressing actÅ}vities were high in nuclei from

Rhodarnine sarcorna and brain, moderate in those from kidney and spleen,

and low in those from liver. On the other handt when the catalase ac-

tivities of various kinds of tissues of rats were measured without in-

jection of nuclei, the activities were low in Rhodamine sarcoma and

brain, moderate in kidney and spleen, and high in liver (Table III).
Together with the findings by Kannan gLt g,IL.13)with rnuscle, which is low

in catalase activity, the present findings indicate that the catalase
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activities of various tissues, whether normal or malignant, were

in contrast to the extents of Lt vivo liver catalase-depressing
activities in the nuclei prepared therefrorn. Earlier, Riley51)

demonstrated that homogenates of livers of normal mice, when injected

into mice, decreased the catalase activities of the livers. Later,
ehashi24) reported that spzeens and livers of norrnai mice contained

the depressing substance, but in a small amount. Their findings were

in accordance with the present findings.'

     It was found that when sarcoma nuclei were injected into micet

the activity and the amount of catalase in the liver were decreased

in parallel (Fig. 5), and that this decrease became markedly greater

when the injection was repeated daily (Fig. I). In addition, the

previous finding that sarcoma nuclei, when injected into mice, de-

crease the liver catalase activity to much higher extent than liver
                                                              ,nuclei was reproduced in the daily repeated injections. These results

indicate that the effective substance present in sarcoma nuclei,

if injected into mice, decreases catalase activity level in the livers

by depressing amount of catalase protein, but not by inactivating

the enzyrne activity.

     Doubtless, the catalase activity level in the liver was main-

tained nearly constant by the balance of biosynthesis and degradation

of catalase. It is conceivable that the biosynthesis of catalase

was inhibited by the injection of sarcoma nuclei, on the basis of

the results obtained by injection of sarcoma nuclei or allyisopropyl-

acetamide, or both (Fig. 8). This is in accordance with Hozumi and
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sugimura.30) However, it is stul uncertain whether the injection

of sarcoma nuclei stimulated the degradation of catalase to a slight

extent or not.
                        52)                                                  53)     Higashi and Shibata,                            and Holmes and Masters                                                      reported that

catalase in the so!uble fraction and catalase in the particu!ate
fraction are different in nature. Nakamura et ai.54) found that

free catalase and particle-bound catalase are different in their

life time. It was found in the present study with ndce that when

liver catalase was irreversib!y inhibited by injection of amino-

triazole, the restoration of the particle-bound catalase in the liver

was significantly faster than that of the free catalase (Fig. 7),

and that when sarcoma nuclei were injectedt the free catalase in

the liver decreased to a significantly higher extent than the particle-

bound catalase (Fig. 3). !t is conceivable that the particle-bound

catalase is synthesized at a faster r'ate'. than the free catalase,

and/or the former is degraded at a slower rate than the latter. The

difference in the sensitivity of both cata!ase to the injected

substance may be due to the difference in the turnover rate, or

in the mechanisms of biosynthesis and in vivo degradation. rt is

difficult now to explai.n more sufficiently this result.

     MultipZe forrns of pyruvate kinase have been observed in various
tissues of animals such as rat liver,l4'32'33) mouse liver,55) rat

kidney56) and rabbit muscie.57) Hess et ai.4i) observed, using the

same isoelectric separation method as that in the present studyr

that the pyruvate kinase in pig lÅ}ver is separable into pl 5.3-
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isozyme and p! 6.1--isozyrne, and found that pl 6.l-isozymer when

bound with fructose 1,6-diphosphate, is converted into p! 5.3-
.zsozyme.

     In the present study, it was concluded that pyruvate kinase

in various tissues of rats, if it was free of fructose 1,6--diphosphate,

could be classified into the three types of isoenzymes, liver--type

(pl 6.2), muscle-type (pl 7.4) and spleen-type (pl 7.8). This
                                               32r33,36r39)conclusion agrees with that by Tanaka et al.r                                                            who
                                      --                  'called spleen--type as type M2. Since liver--type and spleen-type

isoenzymes,but not muscle-type isoenzyme, were separable into the

three p!-isozymes by isoelectric separation (liver pl 5.4-, pl 5.6-

and pl 6.2-sozyrnes and spieen pl 6.2-, p: 6.6- and pl 7.8-isozymes),

respectively, both isoenzymes appeared to possess two kinds of sites

capable of binding with fructose 1,6-diphosphate. From the behaviour

of these pl-isozyrnes in repeated isoelectric separation with and

without previous ammonium sulfate treatment or previous incubation

with fructose 1,6-diphosphate (Fig. 9-l3), it seems likely that the

two kinds of the sites are not equivalent to each other with respect

to the ability to bind with fructose 1,6-diphosphate. Recently,
Muroya et al.42) and Nagao et al. (to be published) confirmed this

resultt using spleen-type isoenzyrne purified from Rhodamine sarcoma,

and found that the binding of fructose 1,6-diphosphate at both kinds

of the sites was regulated by a balance between the concentration

of the sugar phosphate and the salt concentration (ionic strength)

in the solution containing the isoenzymes. Studies on the quantitative
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analysis of fructose 1,6--diphosphate bound with the spleen-type

pr 6.2- and pl 6.6-Å}sozyrnes, and the protein chenistry of the three

isoenzyines are now under investigation.

     In Rhodamine sarcoma-bearing rats, it was found that in their

livers, spleen-type isoenzyme of pyruvate kinase increased to a

remarkable extent (Fig. 14 and Table IV). In addition, when either

nucleus or chromatin preparation frorn Rhodamine sarcoma was injected

into rats, the isoenzytne increased in their livers to an extent

similar to that in Rhodamine sarcoma-bearing rats, in accordance
                         14)                             When chromatin prepared from spleenswith the previous finding.

of rats was injected into rats, the isoenzyme increased in theÅ}r

livers to an appreciable extent, although the extent was much lower

than in the case wÅ}th sarcoma chrornatin. These results suggest that

chromatins of Rhodamine sarcoTna and spleenr but barely or not at

all spleen chromatin, contain the substance capable of increasing

the spleen-type isoenzyme in liver as well as the in vivo liver

catalase-depressing substance. It is still uncertain whether both

effective substances in the chromatins are identical to each other

or not.

     The localization of in vivo liver catalase-depressing substance

was studied in chromatin prepared from Rhodamine sarcoma. The chromatin

was fractionated into DNA, histoner and non-histone protein. Of these

major components of chromatin, the histone fraction and the non-

histone protein fraction showed in vivo liver catalase-depressing

activity, but not the DNA fraction (Fig. 15,l7,21). However, it was
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found that the depressing activity was significantly higher in the

non--histone protein fraction than in the histone fraction. Since

it is known that histone is basic proteins rich in L-lysine residue,

poly-L-lysine and L-lysine were examined for in vivo liver catalase-

depressing activity. Poly-L--lysine, but not L-lysine, showed the

depressing activity to an extent similar to that of the histone
fraction (Fig. 17).'Aoki et al.58) described that histone prepa-

rations from Walker carcinosarcoma and calf thyrnus, when injected

into micer decreased the catalase and tryptophan pyrrolase (L-

tryptophan:oxygen oxidoreductase, EC 1.l3.1.12) activities of the

livers, but not non-histone protein preparations from the tumor

nuclei. In addition, they fractionated the histone preparatÅ}ons

and found that the histone F-1 richest in the content of L-lysine

residue among the fractions was most effective in depressing the
                  'activitie$ of both enzymes. Their findings are in accordance with

the present findings with respect to histone, whereas there is a

discrepancy between their and our findings in respect to non-histone

protein. It has been currently accepted, however, that histone is

widely distributed in animals and higher p!ants in the state bound

to chromatin and that there is no significant difference among various
tissues in animais.59) The simiiarity in extent of in vivo iiver

catalase-depressing activity between the histone fraction and poly-

L-lysine suggests that such a low Lt vivo liver catalase-depressing

activity of the nuclei isolated from livers of norrnal animals was

at least in most part brought about by the histone. When the non-
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histone protein prepared from chromatin of Rhodamine sarcoma was

further fractionated by isoelectric frcactionation, the fraction

of pl 4--7 showed a high Lt vivo liver cata!ase-depressing activityr

but not the fraction of pZ<4 (Fig. 21).
     on the other hand, it was previously reported by Matuo et al.ll)

that extract from crude nuclear fraction of Rhodamine sarcoma con-
                             .tained protease which hydrolyzed in vivo liver catalase-depressing

substance to inactive peptides. According to their finding, it

was tried in the present study to isoiate original form of in vivo

liver catalase-depressing substance from Rhodamine sarcoma nuclei.

:n this attempt, a single protein was isolated from Rhodamine sarcoma

nuclei free of proteo!ytic activity. The pure protein, which had

a molecular weight of 60,OOO and a pr value of 5.0, showed ELLt vivo

liver catalase-depressing activity when it was injected into mice.

It seems rational to conclude, thereforer that in vivo liver catalase-

depressing activities of nuclei isolated from Rhodamine sarcoma,

muscle,brain, kidney, and spleen, which exceed the depressing activity

of nuclei isolated from liver, are brought about by the acidic pro-

tein; higher the content of the acidic protein, higher the in vivo

!iver catalase-depressing activity of the nuclei. In recent years,

great attentions have been focused on functions of histone and non-

histone protein present in the chromatÅ}ns as regulators of the gene

expression in animal cells. The facts described abover together with

the present findings, suggest a possibility that aiterations of

liver enzymes invoked by tumor bearing rnay be brought about by the
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corresponding kinds of non-histone protein present in the chro-

matin of the tumor cells, which are liberated from intact or broken

cells of the tumor, in the same manner as the gene expression is

different!y regulated in various tissues of normal animals. Perhaps,

the manner for the regulation is not so many in number as the variety

of the enzymes present in cells because of the limitation by the

kinds of non-histone protein.
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rtable v!z. Effect of Xncubation at 300
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a) Aliquots of crude chromatin extract were incubated at

   pH 7.0 and 300 for various lengths of time as indicated.

b) After the incubation, pH was adjusted to 4.0 by adding

   2 N acetic acid, followed by centrifugation. Absorbance

   at 258 nm of supernatant was measured.
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Fig. 1. Effect of injection of Rhodamine sarcoma nuclei into mice

         on liver catalase activity

Rhodamine sarcoma nuclei (4.8 mg protein/30 g body weight) were

injected into rnice weighing around 30 g, at the times indicated by

the arrows. ts-----zCx Catalase activity in the livers of mice with

one injection only, O----() catalase activity in the livers of mice

with three injections.
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Fig. 2. Effect of injection of RhodamÅ}ne sarcorna nuclei and liver

         nuclei into mice on liver catalase activity

The arrows indicate the tirne when nuclei were injected. Other

experimental conditions were the same as those for Fig. 1. 0"-----()

Catalase activity in the livers of mice injected with Rhodamine

sarcoma nuclei (sarcoma nuclei), A----A catalase activity in the

livers of mice injected with liver nuclei (liver nuclei).
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Fig. 3. Effect of injecticn of Rhodamine sarcorna nuclei into mice

         on catalase activities of particulate and soluble fractions

         from livers

Rhodarnine sarcoma nuclei were injected into mice at the times indi-

cated by the arrows. Livers from the mice were fractionated into

particulate and soluble fractions. O-----O Catalase activity of

particulate fraction, H catalase activity of soluble fraction.
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Fig. 5. Effect of

         on araount

         extracts

Rhodamine sarcoma

the arrows.

()p'----O Catalase

            (72)

 injection of Rhodamine sarcoma nuc!ei into mice

 and activity of catalase present in deoxycholate

from livers

nuclei were injected at the time indicated by

 activityr AT-"---tls amount of catalase pro'tein.
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Fig. 6. Effect of injection of Rhodamine sarcoma nuclei into mice
                           '                      '
         previously injected with 3-amino-l,2,4-•triazole on liver

         catalase activity

Arninotriazoie and.Rhodamine sarcoma nucZei were injected at the

time indicated by the arrows.

O"--r---O rnjection of aminotriazole alone, Ar-----A injection of

aminotriazole followed by daily injection of Rhodamine sarcoma

nuclei.
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Fig. 7. Effect of injection of Rhodamine sarcoma nuclei into mice

         previously injected with 3-amino-i,2,4-triazole on catalase

         activities with soiuble and particulate fractions from

         livers

The time at which aminotriazole and Rhodamine sarcoma nuclei were

injected are indicated by the arrows.

()---" O and tw--ly(re,). injection of aminotriazoZe alone, N

and H injection of aminotriazole followed by daily injections

of Rhodarnine sarcoma nuclei. Particulate, with particulate fractions

soluble, with soluble fractions.

;
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Fig. 8. Effect of injection of allylisopropylacetamide plus

         Rhodamine sarcorna nuclei into mice on liver catalase activity

The times when allylisopropylacetamide and Rhodamine sarcoma nuclei

were injected, are indicated by the arrow$. orO Injection of

allylisopropylacetamide, -A injection of allylisopropylacetamide

plus Rhodamine sarcoma nuclei.
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Fig. 9. Effect of arnmonium sulfate treatment on pl-isozyme pattern

         or" pyruvate kinase from normal rat liver

A portion (l.5 ral) of the extract from normal rat liver was subjected

to isoelectric separation with the use of Ampholine carrier ampholytes

of pH from 3 to IO, the final concentration of which was 10-. (w/v).

After electrofocusing, the eluate was divided into 1-ml fractions.

The pH and the activity of pyruvate kinase (U/ni) of each fraction

were measured. In a parallel experiment, other portion of the same

extract was su] jected to the ammonium sulfate treatment by the

procedure described in the text. The resulting precipitate was

dissolved and desalted, and the solution thus obtained was subjected

to isoelectric separation. Other experimen"tal conditions were de-

scribed in the text. O-------O Without ammoniurn sulfate treatment,

H with ammonium sulfate treatment.
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Fig. 10. Repeated isoelectric separation of pl 5.4-isozyme and

          pl 6.2-isozyme obtained by isoelectric separation of

          extracts from normal rat liver

The fractions for pl 5.4-isozyme and those for pl 6.2-isozyme

obtained in the experiment for Fig. 9 were subjected to isoelectric

separation. Other experimental conditions were the same as those

for Fig. 9. pm Re-electrofocusing of liver pl 5.4-isozyme,

A-----A re-electrofocusing of liver pl 6.2-isozyrne. Re-electro-

focusing of the pl 6.2-isozyme obtained from the isoelectric sepa-

ration of ex"Lracts with and without ammonium sulfate treatment gave

essentially the same result.
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Fig. Il. Effect of amnoniurrL sulfate tL"eatrnent on pl-isozyme pattern

          of pyruvate kinase from normal rat spleen

Experimentai conditions were the same as those for Fig. 9, except

that extracts from normal xat spleen were used. ()'---C) Without

ammonium sulfate treatment, ALr----ttts with armonium sulfate treatment.
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Fig. I2. Re:L)eated isoelectric seo.aratL'on of pl 6.2-isozyme and

          pl 7.8-isozyrne obtained by isoelectric separation of

          extract from normal rat spleen

The fractions for pr 6.2-isozyme and those for pX 7.8-isozyme obtained

in the experiment for Fig. Il were subjected to isoelectric separation.

Other experimental conditions were the same as those for Fig. 9.

(>-----H) Re-electrofocusing of sp1een pI 6.2-isozyme, A----TA

re-electrofocusing of spleen pr 7.8-isozyme.
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Fig. I3. Conversion of spleen pl 7.8-isozyme to pl 6.6- and pl 6.2-

          isozymes by binding with fructose 1,6--diphosphate

The experimental conditÅ}ons were described in the text.

O--'------O Re-electrofocusing of spleen pl 7.8-isozyme, H

re-electroÅíoeusing of ntxture of 5 ml of spleen pl 7.8-isozyme

and 5 ml of O.2 mp fructose l,6-diphosphate, M n re-electro-

focusing of spleen p! 7.8-isozyme in the electrofocusing column,

in which a]1 the solution contained 1 mlyt fructose 1,6-diphosphate.
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Ng. 14. Effect of growth of Rhodamine sarcoma on pl-isozyme pattern

          of liver pyruvate kinase

Experirnental condÅ}tions were the same as those for Fig. 9, except

that extracts from Rhodamine sarcoma-bearing rat livers were used.

()m'--<) Without ammonium sulfate treatment, N with ammonium

sulfate treatraent.
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Fig. I5. In vivo livex catalase-depressing activities of chrornatin

          and histone-free chromatin from Rhodamine sarcoma

Chroin,atin and histene-free chromatin were prepared from Rhodarnine

sarcorna. Both samples were suspended in 10 rnlg sodium phosphate

buffer (pH 7.0) and separately injected into mice at a dose which

contained 1.5 mg of DNA. The control mice were injected with O.5

ml of the buffer.
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Fig. I6.

An

20

the

acid

mg of

 use

  Isoelectric sepanration of acid extract frorn Rhodamine

  sarcoma chromatin

ex='ract• from R-hodamine sarcorp.a chroip.atin (approxirnately

 protein) was subjected to isoelectric separation with

of Arnphoiine carrier ampholytes.
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Fig. I7. Xn vivo lÅ}v3• r catale,se-depressing activities of histone

          from Rhodamine sarcoma, poly-L-lysine, and L-lysine

Histone from Rhodamine sarcoma, poly-L-lysine, and L-lysine were

dissolved in 10 rnlvl sodium phosphate buffer (pH 7.0), and separately

injected into mice at the indicated doses. See Fig. 21 for F-2

(pl 4-7), which was a pr• eparation of non-histone. protein from

Rhodamine sarcorna chromatin.
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 .Fig. l8. Procedure for separation of

Chromatin

     dissolved in 2 M NaCl

     stirnced overnight at 40

     centrifuged at I05,OOO
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Fig. 19. Molecular-sieve fracticnation of Rhodamine sarcorna chromatin

          by Sephadex G-200

A chromatin preparation from Rhodamine sarcoma, which contained

approximateiy l50 mg of protein and approximately 50 mg of DNA,

was dissolved in 50 ml of 2 M NaCl. The resulting solution was

subjected to molecular-sieve fractionation on a Sephadex G-200

column (bed volume 1,900 ml), which had been equilibrated with

2 M NaCl. The charged column was developed with 2 M. NaCl and the

eluate was divided into 20-ml fractions. Each fraction was analyzed

for DNA and protein contents.
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Fig. 20. IsoeLiectr.S.c separation of chron,osomal lr.rotein from

          Rhodamine sarcoma chromatin

Chromosomal protein of Rhodarnine sarcoma was separated from DNA by

rnolecular-sieve fractionation as shown in Fig. I9. The protein

fractions were then concentrated-desalted by ultrafi!tration. The
             '
resulting residue, which was mostly composed of non-histone protein

and free of histone, was subjected to isoelectric separation. The

content of the charged protein was IO mg.
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Fig. 21. In xivo liver ca•talase-depressing activities of DNA and

          two non-histone protein fractions from Rhodamine sarcoma

          chromatin

Protein-free DNA preparation was obtained frorn the chromatin of

Rhodamine sarcoraa by the procedure shown in Fig. I8. The DNA pre-

paration (DNA) and the two non-histone protein fractions (F-1 and

]-2; see Fig. 20) were subjected to assay of in vivo liver catalase-

depressing activity at the doses indÅ}cated.
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Fig. 22. Absorbance spectra of clromatin, DNA

          protein preparations from Rhodarnine

a) chromatin, b) DNA, c) non-histone protein

 and non-•hÅ}stone

sarcoma
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Fig. 23. Degradation of chxomatin from Rhod-arni•ne sarcoma by endo-

          geneous protease and deoxyribonuclease

One rrtl of the standard reaction mixture was com'Dosed of Rhodamine                                              [
sarcoma chromatin (l.O mg of protein and O.35 mg of DNA) and IO m!g

Tris-HCI buffer (pH 8.0). The reaction rnixtures with and without

IO mM sodiuin ci'trate were incubated at 370, and the reactions were

stopped by adding 1 ml of 100-. SL-richloric acid ('TCA) at the indicated

tiraes,, followed by centrifugation at 3,OOO g for IO rnin. The resultir.ig

supeunatants were anaiyzed for protein and DNA con'tents.

O----C) Pxotein content in the standard reaction mixture, @-------{gb
             '
pro-tein content in the reaction mixture containing 10 mty! Na-ci+l".rate,

H DNA ccritent Å}n the standard reaction mixture, H
DNA content in the reaction mixture containing 10 rnLM Na-citrate.
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Fig. 24. Eff• eci of various treatments on proteolytic activity of

          chromatin from Rhodamine sarcoma

The reaction mixtures containing Rhodainine sarcoma chromatÅ}n were

incubated under various conditionsr and proteolytic activity was

analyzed by the method described in Fig. 23. e!5 e• No addition,

Atr--------A +IO rntts NaHS03, t/."i [Z] +20 vg/ml soybean trypsin inhÅ}bitor,

H incubation at OO, M chroma"L-in previously heated at
900 for 3 min.
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 MQ'. 25. Procedure ior isolation of iri vivo liver catalase-depressing

           substance from RhodamÅ}ne sarcoina nuclei

 Rhodamine sarcoma nucZ•ei
         t         i heated at IOOO for 10 min

           washed with a rnixture of chloroform and methanol (2:l)

           dried in vauquu-ra

           dissolved in O.Ol Ig sodium phosphate buffer (pH 7.0)

           se- irred overnight at 40

           centxifuged at I05,OOO g for 60 min
         i

Ppt Supe (chroraetin)
                   adjusted pH to 4.0
                 i                   centrÅ}fuged at i05,OOO g for 60 min
                                         '

                         N      pH 4-ppt pH 4--supe
         l
         i         i dissoived in 4 \. Csc!

I
centrifuged

Pp, t

vt

(DNA) Supe

    ,   •
P-6O,

   •
p-pr

    at I05,OOO g for l6 hr

(protein)

 Zst molecular-sieve fractionation (Sephadex

 2nd molecular-sieve fractionation (Sephadex

OOO (M.W. 60,OOO)

 lst isoelectri,c separation (pH 3-10)

 2nd isoelectrz'c separation (pH 4-6)

5.0

G-2OO)

G-2OO)
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Fig. 26. Fractionation of pH 4-ppt into protein and DNA by cen-

          trifugation in the presence of 4 y cscl

pH 4-Ppt fraction of chromatin was Pr`epared frorn Rhodamine sarcoma

nuclei by the procedure described in Fig. 25, and dissolved in O.Ol

M sodium phosphate buffer (PH 7.0) containing 4 }l CsCl. The solution

(4.8 rng protein/ml) was centrifuged at 105,OOO g for l6 hr. Tube

content was divided into 5 fractions (2.2 ml each), and each fraction

was analyzed for DNA and protein contents. (>----pO Proteinr

A--------A DNA.
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Fig. 27. I!l!t; vivo liver catalase-depressing activities of

          protein fractions obtained from pH 4-ppt

DNA and protein fractions .were prepared from pH 4-ppt by

cedure shown in Fig. 26. They were subjected to assay of

liver catalase-depressing activity at the indicated doses

 DNA and

the pro-

ln vlvo

.
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Fig. 28. Molecular-sieve fractionation on Sephadex G-200 coZumn

          of protein fraction from pH 4-ppt

A solution of protein fraction (280 mg) in 15 ml of O.Ol M sodium

phosphate buffer <pH 7.0> was subjected to molecular-sieve fraction-

ation on a Sephadex G•-200 column (bed volume, 500m!), which had been

equilibrated with the same buffer (lst molecular-sieve fractionation).

The eluate was divided into 5-ml aliquots. The aliquots frorn fraction

53 to 63 were mixed, concentrated by lyophilization and then subjected

to 2nd molecular-sieve fractionation in the same manner as that for

the lst molecular-sieve fractionation. Essentially, the same elution
                                                               11)pattern was obtained when O.l M ammonium formate buffer (pH 7.0)

was used instead of the sodium phosphate buffer. N lst rnolecular-

sieve fractionation, H 2nd molecular-sieve fractionation.
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Fig. 29.

Fractions

shown in

assay of

doses.

 Lt vivo liver catalase-depressing activities of firactions

 obtained by rnolecular-sieve fractionation and isoe!ectric

 separation .
 of P-60,OOO and P-p! 5.0 were prepared by the procedures

Fig. 28 and Fig. 3Z, respectively. They were subjected to

in 'vivo liver catalase-depressing activity at the indicated
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Fig. 30. Molecuiar-sieve fractionation on Sephadex G-100 colurnn

          of P-60,OOO

The fractions from 53 to 63 in 2nd molecuiar-sieve fractionation

(Fig. 28) were mixed, concentrated by lyophilization and then

subjected to 3rd molecular-sieve fractionation on a Sephadex G-100

colum. The other experirnental conditions were the same as those

described in Fig. 28.
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Fig. 31. Isoelectric separation of P-60,OOO

The same sampie obtained by 2nd rnolecular-sieve fractionation on a

Sephadex G-200 column as in Fig. 30 was subjected to isoelectric

separation with the use of Arnpholine carrier ampholytes of pH from

3 to 10.
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Fig. 32. Isoelectric separation of P-pl 5.0

The fractions from 29 to 32 in lst isoelectric separation (Fig. 31)

were mixedt desalted by dialysis, and subjected to 2nd isoelectric

separation with the use of Ampholine carrier arnpholytes of pH 4 to 6.
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