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W. WALERYCH

§-AMINOLEVULINIC ACID DEHYDRATASE FROM PROPIONIC
ACID BACTERIA

Department of Biochemistry, College of Agriculture, Poznan

d-Aminolevulinic acid, the precursor of porphyrins and haeme is
transformed to porphobilinogen (PBG) by é#-aminolevulinic acid
dehydratase (5-aminolevulinate hydrolyase, EC 4.2.1.24). The enzyme
was discovered by Dresel & Falk [6]; some of its properties have been
described by Gibson et al. [8], and at the same time Schmid & Shemin
[14] and Schulman [15] published some data concerning this enzyme.

d-Aminolevulinic acid dehydratase (ALAD) is, as reported by the
above mentioned authors, widely distributed in nature and probably
present in all aerobic organisms. The enzyme was found in the liver,
kidney and bone marrow of mammals. In domestic birds the presence
of the enzyme was detected in the erythrocytes of ducks and chickens.
It was also found to occur in spinach leaves, brewer’s yeast, algae
(Chlorella), and in the cells of Bacterium cadaveris, Corynebacterium
diphtheriae and Rhodopseudomonas spheroides.

Attempts to purify the enzyme from animal material were under-
taken by a number of authors. Gibson, Neuberger & Scott [8] isolated
ALAD from acetone-dried liver. The purification method was based on
ammonium sulphate fractionation, repeated absorption on calcium
phosphate gel and elution with buffer solutions. Granick & Mauzerall [9]
isolated and purified the enzyme from chick erythrocytes and rabbit
reticulocytes by zone electrophoresis after Kunkel. Bogorad & Granick [2]
isolated the enzyme from Chlorellea and Falk et al. [7] from spinach
leaves.

The present paper describes a method of purification and some
properties of §-aminolevulinic acid dehydratase isolated from propionic
acid bacteria, Propionibacterium shermanii. The presence of this enzyme
has also been demonstrated in the cells of Propionibacterium petersonii,
Propionibacterium freudenreichii and Propionibacterium arabinosum.

EXPERIMENTAL

Culture of bacteria and preparation of acetone powder. P. shermanii
from the collection in this laboratory (National Collection of Dairy
Organisms, no. 839), P. petersonii (American Type Culture Collection,
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244 W. WALERYCH [2]

4870), P. freudenreichii (A.T.C.C., 6207) and P. arabinosum (A.T.C.C,,
4965) were grown on a medium containing acid casein hydrolysate,
trypsin casein hydrolysate, potassium phosphates, magnesium chloride,
ferrous sulphate, calcium pantothenate, biotin and glucose. The bacteria
were grown in 10 liter flasks according to the method of Zodrow & Pa-
welkiewicz [19].

After about 10 days of growth, the bacterial suspension was centri-
fuged on a Sharples laboratory centrifuge and the acetone powder was
prepared after Bartosinski [1]. The bacterial sediment was suspended
in a small amount of water and then poured portionwise with vigorous
mixing into a twentyfold volume of acetone cooled to about -15°. The
mixture was stirred for another 10 min., filtered under reduced pressure
through a G3 sintered glass filter, washed several times with cold
acetone and dried 24 hr. at room temperature. The bacterial powder
obtained could be stored at -10° for several months without losing its
enzymic activity.

Chemical synthesis of §-aminolevulinic acid (ALA). Methyl-5-bromo-
levulinate (10 g.) obtained from p-carbomethoxypropionyl chloride by
Rappe’s method [13] was dissolved in 50ml. anhydrous dimethyl
formamide, and 8 g. of solid potassium phthalimide was added [17].
The mixture was shaken for 40 min. at 60°. The phthalyl derivative
was extracted with chloroform-water mixture. The aqueous layer was
re-extracted with chloroform. The combined chloroform extracts were
washed with 20 ml. water, 20 ml. 2 N-NaOH and finally twice with water.
The chloroform solution was dried over anhydrous MgSO; and con-
centrated under reduced pressure. The residue was brought to boil
in 1500 ml. water and cooled. The obtained methyl 5-phthalimidolevu-
linate was hydrolysed by boiling for about 10 hr. in 7 N-HCI. The solution
was evaporated under vacuum to dryness, the residue dissolved in
a small amount of ethanol and recrystallized by adding ethyl acetate.
The white crystalline é-aminolevulinate hydrochloride obtained was
further purified by repeated crystallizations from ethanol and ethyl
acetate, m.p. 149 - 151° [11].

Calcium phosphate gel. This was prepared by the method of Kei-
lin & Hartree as described by Colowick [3].

Cellulose exchangers. Diethylaminoethyl cellulose (DEAE) and carbo-
xymethyl cellulose were prepared after Peterson & Sober [12].

Chemicals. They were of highest technical purity purchased from
Fabryka Odczynnikéw Chemicznych, Gliwice, Poland.

Determinations of proteins and nucleic acids. The measurements of
extinction at wavelengths of 260 and 280 mp according to the method
of Warburg & Christian [18] were made in a Uvispeck H 700 spectro-
photometer.
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[3] AMINOLEVULINIC ACID DEHYDRATASE 245

Activity of d-aminolevulinic acid dehydratase. The activity was
expressed in umoles of porphobilinogen formed during 1 hour per 1 mg.
of protein. The incubation mixture consisted of 0.2 ml. of the enzyme
solution, 0.2 ml. of 0.01 Mm-d-aminolevulinic acid hydrochloride adjusted
to pH 7.0, 1.0 ml. M/15 phosphate buffer of pH 7.0, and 0.5 ml. MgSO;
solution with 103 m final concentration. The incubation was carried
out for 30 min. on a water bath at 60° since this temperature was found
to be optimal for the enzyme. The reaction was stopped by adding 1 ml.
of trichloroacetic acid - mercuric chloride solution (80 ml. 5% TCA and
20 ml. 0.2 M-HgCl,) [9]. The mercuric chloride was added to bond the
SH groups which interfere with the development of colour under the
action of Ehrlich’s reagent. After centrifuging off the protein precipitate,
2 ml. of the supernatant was mixed with an equal volume of 4 N-Ehrlich’s
reagent prepared according to the modification of Mauzerall & Granick
[10]. The amount of porphobilinogen formed was determined by
measuring the extinction at 552.5 mu in a Baush & Lomb Spectronic
20 colorimeter, using a solution of reagents as a blank. The amount of
porphobilinogen formed in 1 ml. of the examined solution was calculated
in umoles according to Granick & Mauzerall [9] by multiplying the value
of extinction obtained in a test tube of 1 cm. in diameter by 0.226.

Enzymic synthesis of porphobilinogen. A mixture of 50 ml. 0.15 M-
-phosphate buffer of pH 7.0, 25 ml. ALA neutralized to pH 7.0, and
35 ml. partly purified §-aminolevulinic acid dehydratase (fraction 3)
was incubated for 16 hr. in a 500 ml. filter flask under reduced pressure.
The temperature was maintained between 38° and 40°. After incubation,
100 ml. of a TCA-HgCl, solution was added, and the protein precipitate
was centrifuged off (10 min. at 4000 g). From the clear supernatant PBG
was isolated by the method of Cookson & Rimington [5]. For this
purpose the solution was adjusted with acetic acid to pH 4.5, and 15%
(w/v) mercuric acetate solution was added gradually until the super-
natant above the complex of PBG with mercuric acetate gave no reac-
tion with Ehrlich’s reagent. The sediment was filtered off, washed with
1%/0 mercuric acetate, suspended in 80 ml. of water and then saturated
with HyS to decompose the mercuric complex. After filtering the HgS
sediment, the excess of H,S was removed by aeration. The solution was
concentrated to 25 ml. at room temperature under reduced pressure
(to avoid PBG condensation), pH was adjusted with aqueous ammonia
solution to 4 and the solution crystallized for about 12 hr. at 0°. The
pale pink crystals formed were filtered, washed with water and dried
over solid NaOH under reduced pressure. From 42 mg. of d-amino-
levulinic acid 10 mg. of crystalline porphobilinogen, m.p. 184 - 186°
(with decomposition) was obtained. Paper chromatography of the cry-
stalline product was carried out after Consden et al. [4] in two solvent
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246 W. WALERYCH [4]

systems; it gave one spot with Ry 0.24 in propanol - ammonia - ethyl
acetate - acetic acid - water (60:10:25:5:20, by vol.) and one spot with Ry
0.51 in butanol - acetic acid - water (40:10:50, by vol.).

Purification of d-aminolevulinic acid dehydratase

Acetone powder (10 g.) from propionic acid bacteria was thoroughly
ground in a porcelain mortar, then 100 ml. water was added stepwise
with stirring. The suspension was left standing for 20 -30 min. at
0-4° and then centrifuged for 20 min. at 34000 g. Concentration of
proteins and nucleic acids, and enzymic activity were determined in the
supernatant. Further steps of purification were performed at 0 -4°. The
crude extract was treated with solid ammonium sulphate up to 35%
saturation and left in a refrigerator for 25 min. The suspension was
centrifuged for 20 min. at about 40 000 g. The sediment was discarded,
to the supernatant ammonium sulphate was added to 60° saturation,
the mixture was left standing in a refrigerator and then centrifuged.
The sediment was dissolved in 20 ml. water and the solution dialysed
against 2 liter of distilled water. During the 12- or 16-hr. dialysis the
water was changed six times until no sulphate ions were detected in the
solution. The dialysis residue was adjusted to pH 6.5 with 0.001 m-phos-
phate buffer and then treated with calcium phosphate gel in the amount
of 12 mg. Ca3(POy); per 100 mg. protein. After 10 min. the suspension
was centrifuged for 5 min. at about 10 000 g and the sediment discarded.
The protein solution, after being thrice treated with the gel, was chro-
matographed on a DEAE cellulose column (2 X 15 cm.). The column was
prepared as follows. DEAE-cellulose (4.0 g.) was equilibrated with
0.001 m-phosphate buffer of pH 8.15, suspended in water and introduced
into the column. After uniform deposition of the exchanger a solution
containing about 70 mg. of protein was introduced. Proteins were sepa-
rated by elution with water, 0.01 m-phosphate buffer of pH 7.2, and
further by concentration gradient elution with 0.05-0.1 m-phosphate
buffer of pH 6.6. Fractions of 10 ml. were collected. The steps of puri-
fication are shown in Table 1. The presented data are means from several
determinations. -Aminolevulinic acid dehydratase present in the extract
of P. shermanii was purified about 140 times; the specific activity of the
enzyme increased from 0.05 in the crude extract to 6.85 (fraction 4a).
The separation on DEAE-cellulose gave distinct fractions; the most
active were the fractions 4a and 4b. Rechromatography of these fractions
on DEAE-cellulose for further purification gave negative results because
of the inactivation of the enzyme. As results from the data in Table 1,
the first two steps of purification, the fractionation with ammonium
sulphate and the treatment with calcium phosphate gel, gave only 6-fold
purification, however, the calcium phosphate removed the nucleic acids
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Table 1

Purification of d-aminolevulinic acid dehydratase from P. shermanii

The activity was assayed in a mixture containing: 0.2 ml. enzyme solution; 0.2 ml.
0.01 M-ALA solution; 1 ml. M/15 phosphate buffer, pH 7.0; 0.5 ml. MgSO4 with final
concn. 10—3M; and water to 3 ml. Incubation 30 min. at 60°

l Activi
: Volume ! Tota.l (umog Total Yield
Fraction (ml.) protein PBG/mg. activity %
(mg.) protein)
1. Crude extract 700 11200 0.05 566 100
2. Fraction 35-609% sat. -
(NH,4),S04 80 1920 0.27 528 93
3. Adsorption on Ca3(POg); gel
(1-3x%) 130 1196 0.32 384 68
4. Eluates from DEAE - cellulose
column
a) fractions no. 10-15 49- 39 6.85 27
b) fractions no. 19-20 26 6.5 6.42 42 32
¢) fractions no. 26 - 30 35 385 0,29 113
Table 2

Effect of metal ions on the activity of é-aminolevulinic acid dehydratase

Incubation mixture: 0.2 ml. of enzyme (fraction 4b); 0.2 ml. 0.01 M-ALA solution;
1 ml. M/15 phosphate buffer, pH 7.0; 0.5 ml. metal salt solution, as indicated in the
Table to final concn. of 10—2 m; water to 3 ml Incubation 30 min. at 60°

Addition Activity
(10-3 M) (%)
Mg2+ 100
Cu2t 0
Hg2t+ 0
Agt 0
Zn2t 90
Pb2+ 60
Fe2t+ 70
Fe3t+ 75
Ma2t+ 90
Ca2t 85
Co2+ 90

the presence of which interfered with purification of the enzyme on the
ion exchanger. For ammonium sulphate fractionation the reagent of
highest grade of purity (Fabryka Odczynnikéw Chemicznych, Gliwice,
Poland) was used. Application of ammonium sulphate of lower purity
caused inactivation of the enzyme in 90%.
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Table 3

Inhibition of d-aminolevulinic acid dehydratase activity

Incubation mixture as in Table 1, with Mg+ omitted. Fraction 4b of the enzyme
preparation was used. Incubation 30 min. at 60°

Addition Inhibition
(10-3 M) (%)
Todoacetic acid 61
6-Chloromercuric-2-nitrophenol 83
EDTA 80
5-Chlorolevulinic acid 28
Tris 46
Table 4

Balance experiment

Incubation mixture as in Table 1. The enzyme after the third step of purification
was used. Michaelis constant K =3.0X10—

d-Aminolevulinic Porphobilinogen
Incubation time acid (zmoles) {
(wmoles) i
0 3.00 o |
1 hr. 1.68 0.64 ‘
Difference -1.32 0.64 |
Table 5

Enzymic activity of crude extracts from various Propionibacterium
strains

Protein extract (0.2 ml) from bacterial acetone powder. Other components as in
Table 1. Incubation 30 min. at 60°

Strain Activity :
(xmole PBG/mg. protein)
P. shermanii 0.05
P. petersonii 0.015
P. freudenreichii 0.027
P. arabinosum 0.07

Attempts were also made to remove nucleic acids by protamine or
streptomycin sulphate precipitation, this method was, however, aban-
doned since it caused considerable (70%) inactivation of the enzyme.
The chromatography on carboxymethyl-cellulose also inactivated the
enzyme. Attempts to purify the enzyme by heat denaturation of the
contaminating proteins or by fractionation with ethanol at low tempera-
ture were also unsuccessful.
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171 AMINOLEVULINIC ACID DEHYDRATASE 249

The purified enzyme preparation, fractions 4a and 4b, when stored at
-10° lost about 10% of its activity after 10 days. The isolated enzyme
gave an absorption spectrum characteristic for protein with a maximum
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Fig. 1. Effect of pH on the enzymic activity of purified enzyme preparation.

Incubation mixture: 0.2 ml. of the enzyme (0.016 mg. protein), 0.2ml. 0.01 M-ALA,

0.1 ml. M/15 phosphate buffer, 0.5ml. MgSO4 solution (final concn. 10—*M), water
to 3ml. Incubation 30 min. at 60°.

Fig. 2. Effect of temperature on reaction yield. Composition of the incubation
mixture as given in Fig. 1; phosphate buffer of pH 7.0. Incubation 30 min.
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Fig. 3. Effect of EDTA on enzyme activity. Incubation mixture as in Fig. 1; phos-
phate buffer of pH 7.0. Incubation 30 min. at 60°.
Fig. 4. Porphobilinogen formation as a function of incubation time. Incubation
mixture: 0.1 ml. protein solution (6.3 mg./ml) after the third step of purification,
0.2ml. 0.01 M-ALA solution, 1.0 ml. M/15 phosphate buffer of pH 7.0 and 0.5ml
MgSOy4 (final concn. 10—3 ).
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250 W. WALERYCH [8]

at 278 mu and a second maximum at 420 muw. It was repeatedly observed
that the enzymic activity of the protein was always associated with its
yellow coloration. It would seem that the enzyme contains a yellow
pigment. This problem, however, was not studied more extensively
in the present work.

The enzymic activity was tested in phosphate buffer in the presence
of Mg?* ions. Under these conditions the optimum pH for the purified
enzyme was 7.0 (Fig. 1) and the optimum temperature was 60° (Fig. 2).

Magnesium ions at 1073 m concentration activated the enzyme
whereas cobaltous, zinc and manganous ions at the same concentration
had a much smaller effect. Heavy metal ions such as Cu?*, Hg?*, Agt,
inhibited the enzyme completely while ferric, ferrous and calcium ions
inhibited it only partially (Table 2). To establish whether bivalent metal
ions are essential components of the enzymic system or structural ele-
ments of the enzyme, the influence of sodium ethylenediaminetetraace-
tate (EDTA) on the enzymic activity was tested (Fig. 3). The effect of the
SH group reagents, iodoacetic acid and 6-chloro-2-nitrophenol, is shown
in Table 3. It was also found that tris inhibited the enzymic activity by

9}
8 -

£ alk

S 4

S o

a,

® o

g 4 Fig. 5. Porphobilinogen formation at various

sl enzyme concentrations. Incubation mixture:
2k 0.1 -1.0 ml. enzyme (0.016 mg. protein) solu-
A tion, 0.2 ml. 0.01 M-ALA solution, 1.0 ml. m/15

; i ; I [ phosphate buffer of pH 7.0, 0.5 ml. MgSOy

0.2 04 06 08 70 solution (final concn. 10—*M). Incubation
Enzyme solution (ml.) 30 min. at 60°.

o

a half and that 5-chlorolevulinic acid inhibited porphobilinogen formation.
Balance experiments showed that, within the limits of experimental
error, from 2 umoles of d-aminolevulinic acid 1 umole of porphobilinogen
was formed (Table 4). It was also demonstrated that the yield of porpho-
bilinogen synthesis from ALA is proportional to the incubation time
(Fig. 4). It is also proportional to the concentration of the enzyme (Fig. 5).

In acetone-powder extracts of three other strains of propionic acid
bacteria the activity of d-aminolevulinic acid dehydratase was also
demonstrated (Table 5). The activity in various preparations of the
individual strains was variable and unreproducible depending on the
culture, the method of preparation of the acetone powder etc., therefore
no conclusion can be drawn as regards the amount of the enzyme in the
examined bacteria.
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[9] AMINOLEVULINIC ACID DEHYDRATASE 251

DISCUSSION

Gibson et al. [8] demonstrated that d-aminolevulinic acid dehydratase
isolated from the liver is inactivated by heavy metal ions. The same
effect on the enzyme from Propionibacterium shermanii was observed.
Magnesium ion, in contrast to the data reported by Gibson et al. for the
liver enzyme, was found to activate the bacterial dehydratase. The
inhibiting effect of EDTA which was overcome by the addition of Mg2?*
ions allows to assume that for the full activity of the bacterial enzyme
the presence of divalent metal ions, possibly Mg2*, is necessary. It should
be noted that Schulman [16] established the presence of magnesium in
ALAD preparation isolated from the liver. Inhibition of the activity by
iodoacetic acid or 6-chloromercuric-2-nitrophenol, and also by heavy
metals, points to the sulphydryl character of the enzyme.

Preliminary experiments indicated that the inhibition caused by these
agents was partly overcome by the addition of glutathione or cysteine.
These two substances had, however, no influence on the enzymic activity
in the absence of the inhibitors. On the other hand, the enzyme isolated
from animal tissue by Gibson et al. [8] and Schmid & Shemin [14] was
activated by glutathione and cysteine.

Between ALAD isolated from P. shermanii and that obtained from
the liver or erythrocytes there is a difference in optimum temperature
.for their catalytic activity, which for the bacterial enzyme is 60° while
for the animal enzymes it is 38°. The optimum pH for the bacterial
dehydratase was found to be 7.0, similarly as for the enzyme isolated
by Granick and Gibson.

SUMMARY

1. 3-Aminolevulinic acid dehydratase was found in Propionibacterium
shermanii, P. freudenreichii, P. petersonii and P. arabinosum.

2. Extracts of acetone-dried P. shermanii were fractionated and
a 140-fold purification of the enzyme was achieved.

3. The optimum temp. for the purified enzyme was 60° and optimum
pH 7.0. The enzyme was inhibited by heavy metals, SH group reagent
and EDTA. Magnesium ions activated the enzyme and overcame the
inhibiting effect of EDTA.
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DEHYDRATAZA KWASU §-AMINOLEWULINOWEGO Z BAKTERII
KWASU PROPIONOWEGO

Streszczenie

1. Wykazano, ze komérki bakterii kwasu propionowego: Propionibacterium
shermanii, P.freudenreichii, P.petersonii i P.arabinosum zawieraja dehydrataze
kwasu J-aminolewulinowego.

2. Ekstrakty z proszku acetonowego P.shermanii frakcjonowano i uzyskiwano
140-krotne oczyszczenie enzymu.

3. Optimum temperatury oczyszczonego enzymu wynosilo 60° a optimum
PH 7,0. Badang dehydrataze hamowaly odczynniki grup SH oraz EDTA i jony Cu?+,
Hg*+, Agt. Jony magnezu aktywowaly enzym a takze znosily inhibicje wywotana
przez EDTA.

Received 15 December 1962,
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J. KAWIAK

PRESENCE OF CHONDROITIN SULPHATE IN CHONDROCYTES
IL. SYNTHESIS OF CHONDROITIN SULPHATE IN THE CELLS *

Department of Histology and Embryology, Medical School, Warszawa

The site of mucopolysaccharide synthesis in the connective tissue is
discussed by several authors. Most of the autoradiographic observations
[18, 6, 3] suggested that synthesis of sulphate mucopolysaccharides occurs
in the cells, other authors [19], however, supposed that only precursors
for polysaccharide synthesis are produced in the cells and that further
synthetic processes go on in the intercellular space.

Histochemical and autoradiographic evidence for the presence of
chondroitin sulphate in chondrocytes has been previously described [15].
In the present experiments a more direct approach to the problem was
possible because of the use of a micromethod, similar in some principles
to the extraction methods for nucleic acids [8,9]. This micromethod
enabled qualitative analysis to be carried out on small samples of
cartilage cells free of extracellular material. The results indicate that
mucopolysaccharides are synthesized in the cells.

MATERIALS AND METHODS

Special reagents and solutions. Sodium [3*S]sulphate, 1000 pc/ml.
carrier-free (The Radiochemical Centre, Amersham, England). Chon-
droitin sulphate containing 2.95°/0 N and prepared by the alkaline
method, and bovine albumin (V fraction) used as standards were
commercial products (L. Light & Co., Colnbrook, England). Heparin
was an old lyophilized preparation obtained from Prof. J. Zweibaum.
Dextran was from Pharmacia, Uppsala, Sweden (No. KH 6811).
Lyophilized testicular hyaluronidase preparation was purchased from
Wytwoérnia Surowic i Szczepionek, Warszawa, Poland. Toluidine blue
(G. T. Gurr, London, England) was fractionated with HgCl, by Dr. A. Bil-
ski, and Amido Schwarz 10 B was a product of Fluka AG Chemische
Fabrik, Buchs SG.

Tris-glucose-salt solution used as incubation medium contained
sodium [¥S]sulphate, 4.7 uc/ml., and consisted of 1 part of 0.05 m-tris-ace-

* Part I [15].
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254 J. KAWIAK (2]

tate buffer, pH 7.5, mixed with 9 parts of a solution composed of 8.0 g.
NaCl, 0.2 g. KCI, 0.2 g. CaCl,, 0.1 g. MgCl,, 1.0 g. glucose in 1000 ml.
of bidistilled water. Collodion solution was prepared as follows: 1g. of
cellulose tri-,tetranitrate dried over P,O5 was dissolved in 100 ml. of gla-
cial acetic acid. The solution was stable for about 1 month; afterwards
it became yellow and was no longer used.

Cartilage. Distal and proximal cartilaginous epiphyses of femoral
bones were taken from 60 Wistar rats 14 to 20 days old and were
prepared as previously described [15].

Incubation with [*S]sulphate. Samples of cartilage of proximal and
distal epiphyses (approx. 380 mg. wet wt. each) were incubated separa-
tely at 37° in 12 ml. of tris-glucose-salt solution containing [**S]sulphate.
After 20 min. incubation, the tissue was transferred to 96°o ethanol
and left overnight. From each sample of cartilage two fragments were
taken, passed through 100°% ethanol, benzene, and then embedded in
paraffin. They were used for autoradiography and isolation of the
chondrocytes. The remaining tissue was dried at 105° to constant weight
and used for polysaccharides isolation.

Samples of cartilage heated for 5 min. at 100° and then incubated
in the medium containing radioactive sulphate were used as controls.

Isolation of chondroitin sulphate from the cartilage. The procedure
described by Bostrom [4] was applied with two slight differences:
smaller portions of cartilage were extracted, and centrifugation at
3000 g for 30 min. instead of 12 000 g for 10 min. was applied. To 48 mg.
of dry cartilage 1 ml. of distilled water was added and the suspension
was heated for 15 min. at 100°. After cooling to 5°, 1 ml. of 1 N-NaOH
was added and the suspension was mixed for 18 hr. at 5°. Then the
sample was adjusted to pH 6 with diluted acetic acid, the cartilage was
removed, washed with water and washings were added to the extract.
The combined solutions were concentrated in vacuo to 1 ml. and centri-
fuged for 30 min. at 3 000 g. To the supernatant 3 volumes of ethanol
were added. The precipitate formed was sedimented, washed with 80%
ethanol and dried. Then it was dissolved in 1ml. of distilled water,
added with 8 ml. of glacial acetic acid and after 2 hr. at room temp. the
precipitate was separated, washed with glacial acetic acid and ethanol,
dried and dissolved in 5 ml. of distilled water. The solution was adjusted
to pH 5-6 with sodium carbonate solution, centrifuged for 30 min. at
3000 g and the clear supernatant dialysed overnight at 5° against two
changes of distilled water (2 liter each). The dialysis residue was
shaken for 15 min. with 0.2 g of kaolin. The kaolin was removed, the
solution was concentrated and the traces of kaolin were separated. From
the supernatant, sodium chondroitin sulphate was precipitated with
3 vol. of ethanol containing 20 mg. of NaCl. The precipitate was dried
in air and then over P,O5 to constant weight. The yield was 7-9 mg.
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When 10 mg. portions of standard chondroitin sulphate were submitted
to the same procedure, the recovery was about 75%.

Electrophoresis. Paper electrophoresis of the isolated chondroitin
sulphate was performed on Whatman no. 2 paper in 0.1 m-acetate buffer,
pH 5.0, at 5.0 v/cm. and 3.0 mA. The apparatus with platinum electrodes
was similar to that described by Wieland [26]. Standard chondroitin sul-
phate and heparin moved with the relative velocities as observed by Rie-
nits [22]. Dextran, 300 ug., was used to trace electro-osmotic flow, and
4% acid fuchsin solution was used as an indicator for the observation
of the supposed velocity of chondroitin sulphate [11]. Aqueous solutions
of the tested substances were applied in about 50 ng. amounts.

Chondroitin sulphate and heparin were stained with 0.1%0 toluidine
blue solution in 30 ethanol. The paper was subsequently washed with
several changes of diluted acetic acid. Dextran was stained with
saturated solution of Amido Schwarz 10 B in methanol - acetic acid
mixture (9 : 1, v/v). Then the strips were washed with the same mixture
of methanol and acetic acid.

Paper chromatography. This was performed after Kerby [16].
Ascending technique at 5° on Whatman no. 1 paper was used, with
a solvent consisting of 1/15 m-phosphate buffer, pH 6.4, and propanol
(3 : 1, v/v). Standards of chondroitin sulphate and heparin in amounts
of 13 and 60 ug., respectively, were chromatographed simultaneously.
When the mixture of the two standards was chromatographed, two spots
were obtained, chondroitin sulphate having the higher Ry value.

Treatment with hyaluronidase. Testicular hyaluronidase, 10.5 mg.
(about 600 turbidimetric units) was dissolved in 1 ml. of 0.1 m-acetate
buffer, pH 4.6, containing 0.45% NaCl and 0.1% gelatine as stabilizer
of the enzyme. The preparation of chondroitin sulphate was incubated
with the enzyme solution for 48 hr. at 39° under toluene. After 24 hr.
incubation the second portion of the enzyme was added. The incubated
mixture was placed on Whatman no. 1 paper, dried and stained with
toluidine blue. The control without hyaluronidase was treated in the
same manner.

Radioactivity measurements. These were performed on isolated from
cartilage chondroitin sulphate in infinite thin layer (50wug./3.14 cm.?)
with an end-window Geiger-Miiller counter (1.5 mg./cm.2) and in con-
stant geometric conditions. Self-absorption was negligible, but the self-
-absorption curves nevertheless were prepared. Corrections were made
for radioactivity decay and background. A sufficient number of counts
was collected to obtain a statistical error lower than 3%.

The radioactivity on chromatograms and electrophorograms was
measured with similar end-window G-M counter supplied with
a 10 X 3 mm. aperture.
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Autoradiograms of 7w cartilage sections were prepared with stripping
film AR-10, Kodak Ltd. [21].

Extraction of chondroitin sulphate from isolated chondrocytes. All
manipulations were carried out at room temperature (18°) except when
otherwise stated. The cartilage embedded in paraffin was cut into 10w
sections which were adhered without use of egg albumin on coverslips
(12 X 32 X 0.17 mm.). After removal of the paraffin, the sections were
passed through 100%, 96%, and 70°% ethanol, then hydrated with 2%
Na,SO; solution (w/v) and water. Each preparation was placed in water,
and the cartilage was removed with a needle in order to separate the
chondrocytes from the intercellular substance [15]. During this procedure
the chondrocytes of the opened lacunae adhering to the coverslip
remained on the glass while the intercellular substance together with
the cells still embedded in it, was removed. The coverslip with the sepa-
rated chondrocytes was transferred to de Fonbrune oil chamber in
which the subsequent stages of the procedure were performed. The
micromanipulator of de Fonbrune was used for handling the cells and
for directing the micropipettes. The basic procedures were similar to
those used in nucleic acid determinations in cells [8, 9].

Chondrocytes taken at random from different regions of cartilage
were transported under paraffin oil onto another coverslip. Groups of
20 chondrocytes were collected and after evaporation of water approx.
0.1 mul. of 0.5 N-NaOH was added to each group of cells. The extraction
was performed at 5° under paraffin oil saturated with water and in an
atmosphere saturated with 0.5 N-NaOH solution. After 20 hr. the tem-
perature of the oil chamber was equilibrated with room temperature,
the extract was removed with a micropipette (5 to 7u diameter of the
tip) and evaporated on another coverslip in the oil-free compartment
of the chamber. The extracted cells were washed twice with water in
the following manner. A drop (0.1 mul.) of distilled water was drawn
into the same micropipette and applied on the cells. Thus the remnants
of the solution in the pipette are included into the washings. The two
washings were placed on the coverslip near to the extract. The dried
extract and washings on the coverslip were washed with glacial or 80%
acetic acid to neutralize sodium hydroxide, and surplus acetic acid was
evaporated.

Subsequently the coverslip with the extract was dipped in collodion
solution and dried overnight above MgSO,. The formed membrane was
about 0.4p thick, as measured with the interference microscope. The
preparation was submitted to dialysis for 24 hr. against distilled water
at 5°. Autoradiograms of the dialysed cell extracts were made by
covering them with AR-10 emulsion and exposing for 4 weeks. Then
extracts were stained with 0.01% toluidine blue solution in 0.1 m-acetate
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buffer, pH 4.5. The cells remaining after the extraction were autoradio-
graphed and stained in the same manner.

In preliminary experiments approx. 0.1 mul. volumes of 0.5% standard
chondroitin sulphate solution in 0.5 N-NaOH or in water were evaporated
on coverslips, washed with glacial or 80% acetic acid and covered with
collodion membrane. As checked with phase-contrast microscope, the
chondroitin sulphate persisted on the glass after all this procedure.

RESULTS

Sodium chondroitin sulphate isolated from the cartilage was iden-
tified by paper electrophoresis, paper chromatography and hyaluronidase
treatment.

On electrophoresis, the isolated preparation moved with the same
velocity as the standard chondroitin sulphate. The measurement of
radioactivity revealed one peak which matched the area exhibiting
metachromatic staining properties (Fig. 1). On paper chromatograms, the
isolated chondroitin sulphate moved similarly as the standard sample.
Radioactivity occupied the area stained with toluidine blue.

Hyaluronidase treatment of the chondroitin sulphate preparation
led to the disappearance of metachromasia which was not observed in
control incubations without the enzyme. The sensitivity to hyaluronidase
indicates that the isolated 35S-labelled polysaccharide is chondroitin
sulphate A and/or C.

Table 1

Radioactivity of chondroitin sulphate isolated from rat femur epiphyseal
cartilages incubated with [*S]sulphate

For details see Methods

| Cartilage ‘ Counts/min./S0 pg. dry wt.
Proximal epiphysis ' 3020
Distal epiphysis 2508
Control (distal epiphysis heated
for 5 min. at 1000 before incu-
bation) 74

The preparation contained some protein, the amount of which was
estimated semiquantitatively with 2% sulphosalicylic acid and by
staining the spot on the filter paper with Amido Schwarz 10 B. The
results compared with appropriate bovine serum albumin solutions
indicated that no more than 0.5% of protein was present in the isolated
chondroitin sulphate.

Chondroitin sulphate obtained from proximal and distal epiphyses
incubated with [%S]sulphate showed radioactivities as presented in
2
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Table 1. Relative activities remained unchanged after the preparations
were passed through Amberlite IRA-400(OH~) column (15 X 0.5 cm.).
However, small amounts of chondroitin sulphate, proportional in all
samples, were adsorbed on the resin. Under the same conditions the
mixture of 0.4%0 water solution of non-radioactive chondroitin sulphate
and [¥S]NaySO, (465 000 counts/min.) after passing through the Amber-
lite column showed a background activity of 13 counts/min. It follows
that the chondroitin [*S]sulphate preparation did not contain detectable
amounts of inorganic [**S]sulphate.

Autoradiograms of cartilage sections showed that the bulk of radio-
activity was localized within the cells; in the matrix only traces of
radioactivity were found. Chondrocytes used for micro-extractions were
microscopically free from intercellular substance; they were radioactive
and showed metachromatic reaction with toluidine blue. The alkaline
extraction removed the metachromatic as well as radioactive material
from the cells.

The extracts of chondrocytes showed the presence of substance(s)
with properties of acid mucopolysaccharides. They were soluble in
water, virtually insoluble in glacial acetic acid, did not dialyse through
the collodion membrane and showed metachromatic reaction with
dilute solutions of toluidine blue. Part of the material in extracts
exhibited also an ortochromatic reaction. Autoradiograms of the dialysed
chondrocyte extracts showed the presence of %S-labelled substances
(Fig. 2). The radioactivity was not due to inorganic [*S]sulphate nor
to [3S]phosphosulphate nucleotides [1,24] since 2% natrium sulphate
(non-radioactive) and water treatments applied to the cells before
extraction, as well as acetic acid treatment and dialysis of the extracts
would have removed them. The radioactivity, however, persisted after
all these procedures. It appears then that radioactive sulphur is present
in some high-molecular compound(s). This compound was sensitive to
hyaluronidase treatment; the extract treated with the enzyme and
dialysed exhibited lower radioactivity.

The above results permit to conclude that in the extract from
chondrocytes the sulphated acid mucopolysaccharides were present.
Probably these are chondroitin sulphates and/or their complexes with
some other compounds.

Fragments of the matrix free from cells, extracted and submitted
to the same procedure as extracts from chondrocytes, gave a strong
metachromatic reaction. Autoradiograms of these extracts were not
prepared.
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Fig. 1. Paper electrophoresis: (1) standard chondroitin sulphate, (2) chondroitin sul-

phate extracted from distal epiphysis, (3) heparin, (4) dextran (two small spots).

0.1 M-acetate buffer, pH 5.0 at 5.0 v/cm. and 3.0 mA, 18°. Stained with 0.1% toluidine

blue in 30°% ethanol; dextran stained with Amido Schwarz 10B. The diagram

represents the radioactivity of electrophorogram of the extracted chondroitin sul-
phate (2).

Fig. 2. Autoradiogram of the chondrocyte extract. Twenty cells were extracted
with 0.5 N-NaOH for 20 hr. at 5°. The extract and the two washings were put on
a coverslip, dried, treated with acetic acid, covered with collodion membrane,
dialysed and covered with autoradiographic emulsion. Exposure: 4 weeks. 185 X.
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mucopolysaccharides disappear from the cartilage and probably this
leads to increased release of the synthesized polysaccharides from the
chondrocytes into the matrix.
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SUMMARY

Possibility of chondroitin sulphate synthesis in cartilage cells was
demonstrated. In the cartilage incubated for 20 min. in a medium
containing [33S] Na,SO, the radioactivity was localized in the cells.
From the -cartilage, 3S-labelled chondroitin sulphate was isolated.
Separated chondrocytes were extracted with a new micromethod.
In the extract, radioactive substances with properties of acid mucopoly-
saccharides were found.
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OBECNOSC SIARCZANU CHONDROITYNY W CHONDROCYTACH

II. SYNTEZA SIARCZANU CHONDROITYNY W KOMORKACH

Streszczenie

Wykazano mozliwo§é syntezy siarczanu chondroityny w komérkach chrzastki.
Chrzgstka inkubowana przez 20 min. w §rodowisku zawierajgcym [*S] NaySO4 miata
radioaktywno$é umiejscowiona w komérkach. Z takiej chrzastki izolowano siarczan
chondroityny znaczony *S. Postugujac sie nowg mikrometoda ekstrahowano chondro-
cyty izolowane z chrzastki i w wyciggu stwierdzono radioaktywne substancje
o wilasnoéciach kwasnych mukopolisacharydow.
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Since its introduction in 1934 by Sevag [25,26], the chloroform
method has been widely applied to the deproteinization of deoxyribo-
nucleic acids. Its effectiveness in this respect is so well appreciated that,
even when other techniques have been used for deproteinization, they
are frequently followed by one or two chloroform treatments.

In its usual form the procedure involves the energetic shaking of
a saline solution of deoxyribonucleoprotein with one-third to an equal
volume of chloroform or a mixture of chloroform and isoamyl or octyl
alcohol [3, 25, 26] ostensibly to limit foaming. The protein is denatured
by this treatment and following centrifugation of the mixture, is found
in the interphase. This treatment has variously been reported to result
in a decreased yield of nucleic acid which, in some instances, has been
minimized by efficient washing of the chloroform gels [3]. The treatment
has been regarded as without any deleterious effect on the nucleic acid
itself and this opinion is strongly reinforced by the observation of Avery
et al. [1] that chloroform deproteinization treatment does not alter the
biological activity of T-DNA 1.

It appeared of interest to us to examine the nature of the DNA which
has been occasionally reported as appearing in the interphase following
chloroform treatment. During such a study it was found that when
dilute solutions of DNA are subjected to chloroform treatment, heat-
-denatured DNA is readily removed from the aqueous phase while
native DNA is relatively unaffected. This provides, therefore, an addi-
tional method not only for following the course of heat denaturation of
DNA but, what is even more important, a simple procedure for the
separation of native from heat-denatured DNA. The use of biologically
active, such as transforming, DNA offers also the possibility of applying
additional criteria to the differentiation of molecules carrying genetic
markers.

1 The following abbreviations are used in this text: T-DNA, transforming DNA;
SSC, an aqueous solution of 0.15 M-NaCl in 0.015m-sodium citrate; A-T, adenine-
-thymine base pair in DNA; G-C, guanine-cytosine base pair; DHS, C and E refer
to the dihydrostreptomycin, cathomycin and erythromycin resistance markers of
T-DNA.

http://egin.org.pl



264 M. PIECHOWSKA and D. SHUGAR [2}

During the course of this investigation, a brief communication by
Ben-Porat et al. [2] reported that, following administration of a pulse
of [%C]thymidine to a culture of tissue cells, the newly synthesized
labelled DNA could be separated from the total cellular DNA by shaking
the crude tissue DNA extract with a mixture of chloroform and isoamyl
alcohol, the newly-synthesized DNA passing into the interphase. Not-
withstanding the different conditions employed in the investigation of
Ben-Porat et al. [2], the phenomenon appears of sufficient interest to
warrant an investigation of the nature of the fractionation achieved.

In the present study the difference in behaviour towards chloroform
of native and heat-denatured DNA was used to follow the course of
heat inactivation of streptococcal DNA. One of the objectives was to
determine whether partially denatured DNA is due to the total inactiva-
tion of only a given fraction of the molecules, with a more resistant
fraction remaining unaffected; or to the partial inactivation of all, or
most, of the molecules. This was further facilitated by the use of T-DNA.

Particularly interesting is the problem of the residual biological
activity of heat-inactivated T-DNA. When inactivation is conducted
under conditions such that.depurination [10] and chain scission [13,
22, 6] are avoided, the biological activity does not decrease to zero with
time of heating, but reaches a plateau value [21] now commonly referred
to as the “residual” activity. The question has arisen as to whether the
residual activity is an inherent property of the single strands resulting
from heat denaturation, or whether it is due to partial renaturation
even under conditions where the heated DNA is rapidly chilled [4, 16].
One other possible explanation for this phenomenon may be envisaged,
viz. the existence of a fraction so rich in G-C content that the twin
strands do not separate under the conditions of heat denaturation
hitherto employed. Such a fraction might be expected to retain its
biological activity even after heating at 100°. If so, this would indicate
that a given marker is distributed amongst different DNA molecules
(and this would, in turn, exclude the possibility of concentrating the
marker by ordinary DNA fractionation procedures).

From the experiments of Ginoza & Zimm [9] it appears that the
residual activity of a pneumococcal T-DNA preparation is quantitatively
unaltered when the concentration of the heated DNA is varied over
a 100-fold range. This, of course, argues against renaturation as the
source of residual activity since renaturation varies, as expected, with
the square of the concentration [5, 16].

Density gradient centrifugation has shown that residual activity is
located in the denatured DNA band [11,23]. The question, therefore,
poses itself as to whether DNA exhibiting residual activity is in the
form of a single strand or a partially dissociated twin strand. An exami-
nation of heat-denatured Bacillus subtilis T-DNA is claimed to have
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demonstrated the existence of a partially denatured fraction with bio-
logical activity [17].

It is clear that characterization of the residually active DNA may
help to clarify the nature of the heat denaturation mechanism. In this
connection an examination has been made of the heat inactivation of
T-DNA in sodium perchlorate solution, profiting from the observation
[7,12] that 7.2 m-perchlorate reduces the denaturation temperature of
DNA by as much as 40 - 50° as compared to that in SSC. Assuming that
no hitherto unknown factors intervene, as regards denaturation of DNA
in aqueous perchlorate, then heating of DNA at 100° in 7.2 m-perchlorate
should be equivalent to heating at about 140° in SSC. Hence, if a given
DNA preparation contains some fraction which is heat-resistant in SSC,
it should nonetheless undergo complete denaturation at 100° in 7.2 m-per-
chlorate since the resultant ‘“equivalent” temperature in the latter
solvent is more than sufficient to separate the twin strands of the syn-
thetic polymer poly-dG + poly-dC [15]. If, therefore, the residual
activity is linked to some highly enriched G-C fraction, it should be
completely inactivated at 100° in 7.2 m-perchlorate.

MATERIAL AND METHODS

The calf thymus DNA, highly polymerized, was prepared according
to standard techniques [5a, 13a] in this laboratory. Transforming DNA
from Streptococcus Challis group H was obtained by a procedure
previously described [19] and contained the markers for resistance to
dihydrostreptomycin (DHS), cathomycin (C) and erythromycin (E).

Apurinic acid was prepared from calf thymus DNA according to
Chargaff [3]. Yeast RNA was a commercial Merck preparation.

Heat denaturation. Samples of 0.5 ml. DNA at a concentration of
20 ug./ml. (unless otherwise stated) were sealed into ampoules which
were immersed in a heated water bath for 10 or 15 min. Temperatures
were maintained constant to * 0.15° by means of a Hoeppler ultra-
thermostat. Immediately after heating the ampoules were removed and
dropped into an ice-water bath. Denaturation in aqueous perchlorate
was carried out as described by Hamaguchi & Geiduschek [12] using
7.2 m-perchlorate in 0.1 M-sodium versenate.

Measurement of DNA concentration. This was based on readings of
extinction at 260 mu in a Beckman DU spectrophotometer at room
temperature. Since mixtures of native and heat-denatured DNA were
measured in the same way, this introduces some error due to the hyper-
chromicity of denatured DNA; streptococcal DNA heated for 10 min.
at 100° in SSC, and then rapidly chilled, exhibits 11% hyperchromicity
at room temperature. This source of error was disregarded because:
(a) it is less than the errors involved in measurement of transforming
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activity, and (b) its direction is such that the validity of the final results
would be improved if it were taken into account.

Melting curves, or temperature profiles of DNA. These were
determined on a Hilger Uvispek or a Unicam SP500 spectrophotometer,
using specially constructed compartments for 3 cuvettes, the compart-
ments being maintained at the desired temperature by the circulation
of water from a Hoeppler ultrathermostat. The compartment tempera-
ture was calibrated against the thermostat temperature by means of
copper-constantan thermocouples. Samples were maintained at the
desired temperature for 5 min. prior to taking extinction readings so as
to allow attainment of ¢quilibrium. No corrections were made for
thermal expansion of solvent during heating.

Transforming activity. The procedure for measurement of the
activities of the various markers has been previously described [19].
Only the straight line portions of the calibration curves were used.

Chloroform fractionation. To a solution of DNA in a centrifuge test
tube was added one-third its volume of chloroform and the tube agitated
on a linear shaker with a displacement of 3 cm. and a frequency of
200 cycles/min. Following 20 min. shaking the mixture was centrifuged
at 1000 r. p. m. for 2 min. The aqueous phase was removed and submitted
to a second chloroform treatment, and this was repeated until the DNA
concentration in the aqueous phase had reached a minimum plateau
value. Four to five treatments were normally required, the first being
always 20 min. and subsequent ones 10 - 15 min. In a typical experiment
on a 1:1 mixture of native and heat-denatured DNA, 69° remained
in the aqueous phase following the first chloroform treatment, 60%o
following the second and 50% after the fourth.

RESULTS

Separation of native and heat-denatured DNA by means of chloro-
form. In initial experiments it was observed that shaking with chloroform
of a solution of calf thymus DNA in SSC results in the transfer to the
interphase of about 30°% of the DNA. If the DNA is first heated at 100°
and rapidly chilled, then chloroform treatment removes about 60%o from
the aqueous phase.

For streptococcal DNA the differences were much more pronounced,
chloroform treatment removing at most 10% from a native sample and
up to 82% after denaturation at 100°.

The foregoing suggested a trial with a 1:1 mixture of native and
heat-denatured DNA. Following chloroform treatment of such a mixture
of streptococcal DNA, about 50% of the total remained in the aqueous
phase, suggesting that the native and heat-denatured fractions had been
effectively separated. This was further tested by an examination of the
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temperature profiles of the DNA remaining in the aqueous phase and
that extracted from the interphase. To dissolve the latter fraction, it
was suspended in SSC, the chloroform removed at 37° and the resulting
precipitate dissolved in SSC and dialysed against the same solvent.

From Fig. 1 it will be seen that the temperature profile of the DNA
remaining in the aqueous phase is similar to that for the native DNA.
The 2.5% decrease in hyperchromicity as compared to that for the
original native preparation, may be due in part to incomplete removal of

14 T

Fig. 1. Temperature profiles in SSC for
DNA fractionated from a 1:1 mixture
of native and heat-denatured (at 100°)
streptococcal DNA. ([J), Native DNA;
(O), DNA remaining in aqueous phase
following chloroform treatment of mix- ,/f"’" T
ture of native and denatured samples; pat
(A), DNA after heat denaturation car- o
ried into interphase by chloroform ?0—‘-»—42 - ’w
treatment. Temp. (°C)

£ at temp. indicatea
at room temp.

80 100

denatured DNA. On the other hand the profile for the DNA extracted
from the interphase corresponds to that of a preparation fully denatured
at 100°; it is also similar to the profile of a heat-denatured preparation
of Diplococcus pneumoniae DNA [16].

Influence of addition of isoamyl alcohol. If, in place of chloroform
alone, one uses a mixture of isoamyl alcohol - chloroform (1 :24) such
as is normally employed for deproteinization of nucleoprotein [14], the
ability to differentiate native from denatured DNA is abolished. Such
a mixture will remove from the aqueous phase only a few percent of
either native or denatured DNA.

Influence of DNA concentration. While the majority of experiments
were conducted with a DNA concentration of 20ug./ml., identical
results were obtained with concentrations as low as 5ug./ml. Analogous
findings prevailed when the DNA concentration was increased to
50 ug./ml. but, at 100 ug./ml., the amount of DNA removed by chloro-
form treatment was markedly reduced. This is very likely due to
appreciable formation of aggregates of denatured DNA formed at these
concentrations [24].

Influence of concentration and type of salt. In 0.01 M-NaCl little
fractionation of native from denatured DNA could be observed; at best
only about 20% of the denatured DNA was removed from the aqueous
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phase to the interphase. In 0.15 M-NaCl the results were similar to those
obtained with an SSC solution of DNA. In saturated NaCl solution, on
the other hand, chloroform treatment removed from the aqueous phase
over 90% of either native or denatured DNA. However, from a DNA
solution in 7.2 m-perchlorate with added sodium versenate, chloroform
treatment removes 9% from a native DNA preparation but only 53%0
from a denatured sample as compared to 80% and more from an SSC
solution.

Effect of depurination. In the above experiments we have been
dealing with DNA denatured by heating for short periods at 100°, the
principal effect of such treatment being to provoke separation of the
twin strands [18, 5]. If, however, DNA is heated at a temperature below
that for the mid-point of the temperature profile, i.e. at a temperature
below T,,, for more extended periods, the major effect is partial depuri-
nation [6, 8,10]. A Challis DNA sample in SSC (T, 87°) was therefore
heated for 20 hr. at 80° with a resulting decrease in biological activity
of 94%s. Chloroform treatment of such a solution removed only a mini-
mal amount of DNA from the aqueous phase, from which it would
appear that separation of the twin strands is a prerequisite for chloro-
form fractionation. On the other hand, apurinic acid, which is single
stranded with a molecular weight of the order of 15,000 [3], was
completely inert to chloroform treatment. Yeast RNA in SSC was
likewise resistant to removal from the aqueous phase by chloroform.
The effect of chloroform treatment on heat-denatured DNA in SSC
consequently appears to be a relatively specific phenomenon.
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Fig. 2. The amount of DNA left in aqueous phase after heating at temperature
indicated, followed by chloroform treatment to remove heat-denatured DNA (see
text for further details).

Fig. 3. Heat inactivation in SSC of streptococcal T-DNA markers at various tem-
peratures. (+)., Dihydrostreptomycin resistance marker; (O), cathomycin resistance
marker.
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Fractionation of partially denatured DNA. Samples of DNA were
heated for 10 -15 min. at various temperatures and then submitted to
chloroform treatment. Fig. 2 shows that the amount of DNA removed
from the aqueous phase increases with temperature of heating, in
accordance with expectation.

Now if heat denaturation of DNA were an “all-or-none” process
[20, 4], then in a partially denatured sample we would expect dissocia-
tion primarily of the twin strands with a low G-C content, the remainder
of the molecules being less affected. Following chloroform treatment
such a solution should retain in the aqueous phase a fraction with
a higher average G-C content, hence with a higher T, than the initial
solution. A DNA solution was therefore heated at 91.2°, following which
chloroform treatment removed 38% of the DNA from the aqueous
phase. However, the temperature profile of the DNA remaining in the
aqueous phase exhibited the same T, and the same breadth as the
original unheated sample; the only difference was a 4.5% decrease in
hyperchromicity (cf. Fig. 1).

Biological trials

The behaviour of heat-denatured DNA versus chloroform was now
extended to follow the inactivation of genetic markers in T-DNA.
Transforming activity of the markers was estimated, following heat
inactivation, prior to and following chloroform treatment. Fig. 3 exhibits
the rates of inactivation of the DHS and C markers in Challis DNA.
It will be seen from the figure that the course of inactivation is gradual
and proceeds over a range of several degrees. Inactivation begins for
each marker at a characteristic temperature and the activity decreases

Table 1

Influence of chloroform fractionation on the specific activity of Challis
T-DNA dihydrostreptomycin resistance marker following heat inactivation
at various temperatures

Inactivation was carried out for 15 min. For details see text.

Specific activiiy Following chloroform fractionation
Inactivation temp. of unfractionated =5
4 solution .DNA RN | Specific activity
| in aqueous phase

(°C) | (%) (%) (%)
Room temp. | 100 ? — ‘ A
90.0 | 91 I 73 ‘ 100
91.0 35 52 | 52
92.1 1 14 32 35
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with increase in temperature to a residual level of approximately
0.5 - 1.0% (see below), which is unaltered even when the temperature is
raised to 100°.

Control experiments showed that chloroform treatment of native
DNA did not affect or, at most, only slightly decreased the specific
activity of a given marker. For a mixture of native and heat-denatured
DNA, chloroform treatment provoked a 10-20° decrease in specific
activity.

Table 2

Influence of chloroform fractionation on the relative specific activities
of Challis T-DN A dihydrostreptomycin and cathomycin resistance markers
following heat inactivation at various temperatures

Inactivation was carried out for 15 min. For details see text.

Specific activity Following chloroform fractionation
P of unfractionated
Inactivation S ion

temp. (%) DNA remaining | Specific activity | Specific activity
DHS P in aqueous phase| of DHS marker | of C marker

(°C) marker marker (%) (%) (%)

90.2 28.5 223 46 25 32

90.95 8.7 24.5 34 15 ‘ 30

91.5 75| 18 30 17 35

92.1 3.6 5.5 22 14 12

92.65 1.8 14 .| 19 6.3 7.4 [

The behaviour of the DHS marker was then followed as a function
of temperature of heating, with results shown in Table 1. It will be
noted that under these conditions there is a definite increase in the
specific activity of the marker following chloroform treatment. The
results for another experiment, in which the inactivation of both the DHS
and C markers was carried to a level of about 1.5%, are exhibited in
Table 2. The increases in specific activities of both markers are here
much more marked.

It must, on the other hand, be conceded that the increases in specific
activity are not nearly as pronounced as might be expected from the
amount of DNA removed from the aqueous phase by chloroform treat-
ment.

Residual activity

Magnitude of residual activity for streptococcal DNA. In order to
establish the level of residual activity of heat-denatured DNA, an
examination was made of the effect of time of heating at 100° on bio-
logical activity. Curve b of Fig. 5 (see below) demonstrates the initial,
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rapid drop in activity during the first minute, followed by a gradual
decrease. On the basis of our present understanding of the nature of
the heat-induced modifications in DNA, it seems reasonable to assume
that the initial, abrupt, decrease is related to dissociation of the twin
strands, and the subsequent gradual loss in activity to depurination [10]

L T I I
13 poo G

Fig. 4. Temperature profiles of native
and heat-denatured streptococcal DNA

in SSC and in 7.2M-NaClO,. (0J), Na- i s i %

tive DNA in 10-fold diluted SSC; (O), o pa®

native DNA in 7.2 M-NaClOy; (A), DNA

heat-denatured (at 100°) in 7.2 M- 0 ;0 415 % =
-NaClOy. Temp. (°C)

and, possibly, some chain scission [13, 22, 6]. From the point of intersec-
tion of the extrapolated two portions of the inactivation curve, it appears
that the residual activity, corrected for depurination and chain scission,
is about 2%, i.e. similar to that obtained for T-DNA from other
bacterial systems.

Activity of denatured DNA following chloroform treatment. The
purpose of the following experiment was to determine whether the

Fig. 5. Course of inactivation with time of

Biological activity (%)
— N W A O
]

o0 T-DNA dihydrostreptomycin resistance marker:

B ° N (a), at 70° in 7.2 M-NaClOy; (b), at 100° in SSC.

® 5] Only the lower portions of the inactivation

0 . ,; ' 5' . ,'2 : ,'5 ] curves are shown, since the initial portions are
Time of heating (min.) very steep and practically coincide.

DNA fraction exhibiting residual activity differed from the entire
denatured DNA sample as regards its behaviour towards chloroform treat-
ment. A DNA sample was inactivated at 100° to 0.4% residual activity and
shaken with chloroform. This treatment resulted in the removal of 72%
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of the DNA with no change in the total activity, i.e. the specific
activity of the DNA in the aqueous phase increased at least 3-fold. The
material in the interphase was washed with physiological saline, the
chloroform removed by warming to 37° and the DNA then dissolved
in SSC. This solution exhibited about 2% of the activity of the original,
native sample. It consequently appears as though chloroform treatment
of denatured DNA induces partial renaturation, perhaps by favouring
increased contact between separated or partially separated strands, as
a result of their being concentrated in the interphase. But the foregoing
results do not enable us to decide whether the residual activity is linked
to some fraction with a different behaviour towards chloroform than
the remainder of the denatured DNA. The temperature profile for the
residual DNA did not differ in any marked respect from that for the
unfractionated denatured DNA.

Residual activity in 7.2 M-perchlorate. A determination of the tem-
perature profile of the streptococcal DNA in 7.2M-sodium perchlorate
and 0.1 M-EDTA at pH 7 demonstrated a decrease in T, of 36.5° rela-
tive to that in SSC. From Fig. 4 it will be seen that the DNA is
fully “melted” out in perchlorate at 58°. A comparison of the tempera-
ture profiles for streptococcal DNA in perchlorate and SSC indicates
that a temperature of 66° in 7.2 m-perchlorate is equivalent to 100° in
SSC, while a temperature of 100° in perchlorate corresponds to 134°
in SSC. The latter temperature in SSC is 24° higher than that necessary
to completely dissociate the twin-stranded polymer poly-dG -+ poly-dC
[15]. An examination of the biological activity of DNA, which had been
subjected to such conditions, was made by heating identical T-DNA
samples in 7.2M-perchlorate at temperatures of 66° and 100°, followed
by rapid chilling (see also below and Fig. 5). Subsequent measurements
of extinction at 4° showed that both samples exhibited 21°% hyper-
chromicity with respect to the native DNA. That heated at 66° possessed
2.4% residual activity, while the one heated at 100° exhibited 0.7%
activity.

Hence even heating to a temperature corresponding to 134° (for only
10 - 15 min., of course) in SSC does not result in complete inactivation.
This effectively disposes of the asumption that the residual activity
may be linked to some fraction which fails to undergo denaturation at
100° in SSC; but reinforces the argument that it is a property of the
dissociated, wholly or partially, twin strands.

It should also be noted that the hyperchromicity of DNA denatured
in SSC is 11% and in 7.2M-NaClO, is 21 -22%, with respect to the
native DNA at room temperature. Consequently bond reformation during
rapid chilling occurs to a markedly lesser extent in perchlorate than in
SSC. But the residual activity of DNA denatured in perchlorate is cer-
tainly not less than that denatured in SSC. Hence disordered bond refor-

http://rcin.org.pl



[11] FRACTIONATION OF DNA BY CHLOROFORM 273

mation, if it does not in fact lower, at least does not increase the activity
of denatured DNA.

Finally attention should be drawn to the fact that denaturation in
7.2 m-perchlorate provides a supplementary and quantitatively more
accurate procedure for determining the residual activity of a given
T-DNA marker. This is so because at 66° in perchlorate, corresponding
to 100° in SSC, no depurination [10] or chain scission [13,22, 6] of the
DNA are to be expected. This is fairly well illustrated in Fig. 5, showing
the course of inactivation of the T-DNA DHS marker at 70° in
7.2M-NaClO; and 100° in SSC. Following the initial rapid decrease in
activity in both solvents, that in perchlorate reaches a residual plateau
value of about 2%; but in SSC the activity continues to decrease with
time, due undoubtedly to depurination and, to a lesser extent, to chain
scission.

DISCUSSION

It may be considered as established that chloroform treatment, as
described above, provides a relatively simple procedure for the frac-
tionation of heat-denatured from native DNA, whether the criterion
applied is biological or physico-chemical. Although application of the
method has been largely limited in this study to mixtures of native
and heat-denatured DNA, the partial fractionation achieved with unheated
calf thymus DNA suggests that its range of application may be con-
siderably broader, as is likewise indicated by the findings of Ben-Porat
et al. [2].

The conditions for fractionation are, on the other hand, highly specific
with respect to several factors: (a) DNA concentration; (b) ionic strength
and nature of salt in the aqueous phase; (c) whether the chloroform is
used alone or in admixture with an anti-foaming agent. As regards this
latter point, it should be noted that the fractionation of newly synthe-
sized DNA achieved by Ben-Porat et al. [2] involved the use of a chloro-
inrm-isoamyl alcohol mixture, which gives no separation of native and
heat-denatured acids.

It remains to determine what are the heat-induced modifications
which render the DNA molecules susceptible to removal from the
aqueous phase by chloroform. Since depurination induced by heat at
neutral pH, which presumably leaves the twin-stranded structure more
or less intact [10], is without effect, it would appear that strand sepa-
ration (whole or partial) is a prerequisite for removal of DNA to the
chloroform-water interphase. It then becomes difficult, however, to
understand why neither apurinic acid nor RNA are susceptible to chloro-
form treatment.
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Particularly interesting is the fact that if a DNA preparation is fully
denatured, as judged by the loss of its characteristic temperature profile,
209 remains resistant to chloroform treatment, i.e. does not pass into the
chloroform-water interphase. The reality of this phenomenon is testified
to by the fact that 20% remains in the aqueous phase when the initial
concentration is varied over a range of 5 to 50 ug./ml. This may be inter-
preted as indicating that denaturation at 100° results in more than one
modification of the native DNA, in other words that denaturation is not
an all-or-none phenomenon.

It is, therefore, significant that, following partial heat denaturation
of a solution of DNA and removal of the denatured molecules by means
of chloroform, the fraction remaining does not exhibit an increase in T,.
In fact, the temperature profile of the remaining fraction is practically
identical to that of the original unheated sample, except for a small
decrease in temperature hyperchromicity. If the T, of a given DNA
preparation is indeed a linear function of its G-C (or A-T) content, and
if denaturation is an all-or-none phenomenon, then those strands with
a lower G-C content should melt out first and those remaining in the
aqueous phase should exhibit a higher T,,. The absence of such a pheno-
menon argues against the assumption that heat denaturation of some frac-
tion is due to its lower G-C content. The observed differences in heat
resistance may be due to differences in base sequence which do appear
to have a pronounced effect on the extent of denaturation as observed
following chilling of the heated samples.

Essentially the same conclusion follows from an examination of the
effect of heat on the biological activity of transforming DNA. In those
experiments where a DNA solution was only partially heat-inactivated
and then treated with chloroform, the fraction remaining in the aqueous,
phase did indeed show an increase in specific activity. But this increase
was still considerably less than that expected from the amount of DNA
left in the aqueous medium. It, therefore, appears that the biological
activity of a partially inactivated marker is a property of molecules
which have undergone only partial strand separation.

In all probability molecules with only partially separated twin
strands, and therefore not completely denatured, are equally well re-
moved from the aqueous phase by chloroform treatment. It would
obviously be highly desirable to examine by some other techniques, such
as density gradient centrifugation, the nature of the DNA fractions
separated by means of chloroform.

The foregoing conclusion regarding the biological activity of partially
denatured molecules is in agreement with the observations of Rownd
et al. [see 17] on Bacillus subtilis DNA and with those of Rownd & Lanyi
[see 17] on H. influenzae DNA. Our results are in accord with the heat
denaturation of DNA as a step-wis¢ phenomenon and suggest also that
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the heat inactivation of a genetic marker proceeds likewise in a step-
-wise fashion.

Insofar as the residual activity of heat-inactivated DNA is con-
cerned, our results indicate that this is not a property of some particular
heat-resistant fraction, since denaturation at 100° in aqueous 7.2 M-NaClO,
(which is equivalent to 134° in SSC) does not lead to total inactivation,
nor even to a lower residual activity than in SSC. In view of the fact
that following chloroform fractionation of DNA inactivated at 100° in
SSC, the temperature profile of the aqueous fraction did not differ
essentially from that of the entire denatured sample, it seems reasonable
to conclude that the residual activity is a property of denatured DNA
molecules which underwent strand separation as a result of heating.
The results do not, however, permit us to decide whether the residual
activity resides in molecules which, following rapid cooling, remain in
the form of single strands or of molecules which underwent partial
renaturation.

We should like to express our thanks to Professor R. Pakula for
making available the streptococcal strains; Dr. K. L. Wierzchowski for
discussions on DNA denaturation; Mrs. A. Golda for technical assistance;
and Professor J. Heller for his interest and support in the initiation of
work in this field.

SUMMARY

Heat-denatured streptococcal DNA may be separated from native
DNA by shaking an aqueous saline solution of the mixture with chloro-
form and centrifuging. The denatured DNA is then found predominantly
in the interphase. The conditions for such fractionation are quite specific
with regard to a number of factors such as DNA concentration, ionic
strength and type of salt in the medium. No fractionation is observed
when the chloroform is used in admixture with an anti-foaming agent
such as isoamyl alcohol.

Preliminary observations indicate that both native and heat-dena-
tured calf thymus DNA may be fractionated by the above technique,
but the nature of the fractions obtained with native calf thymus DNA
remains to be established. Chloroform treatment is without effect on
yveast RNA, on apurinic acid, or on DNA heat treated under conditions
where only depurination or chain scission take place.

Following controlled partial heat denaturation, chloroform treatment
of streptococcal transforming DNA results in the removal from the
aqueous phase of only a portion of the DNA. The resultant specific
activity of the DNA remaining in the aqueous phase is increased, but
not as much as expected.
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The overall results are consistent with the view that heat dena-
turation of DNA, or heat inactivation of transforming DNA, is not an
“all-or-none” phenomenon but is rather step-wise in character. The
biological activity of a partially inactivated genetic marker is a property
of molecules which have undergone only partial strand separation. The
residual activity of a heat-denatured transforming DNA is a property
of denatured DNA molecules.

Heat denaturation of transforming DNA in 7.2 m-perchlorate provides
an excellent quantitative technique for measuring the residual activity
of fully heat-denatured DNA under conditions where depurination and
chain scission are non-existent.
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FRAKCJONOWANIE RODZIMEGO I CIEPLNIE ZDENATUROWANEGO
TRANSFORMUJACEGO DNA

Streszczenie

Cieplnie zdenaturowane transformujagce DNA paciorkowcéw mozna oddzielié
od rodzimego DNA przez wytrzasanie z chloroformem mieszaniny takich preparatéw
w wodnym roztworze soli. Po odwirowaniu zdenaturowane DNA znajduje sig
w interfazie. Przy takim frakcjonowaniu muszg by¢ zachowane odpowiednie wa-
runki stezenia DNA, sily jonowej roztworu i rodzaju soli w $rodowisku. Dodanie
alkoholu izoamylowego do chloroformu uniemozliwia przejScie zdenaturowanego
DNA do interfazy.

Wstepne obserwacje wykazuja, ze przy pomocy powyzszej techniki mozna
réwniez frakcjonowaé rodzime i cieplnie zdenaturowane DNA z grasicy, lecz pozo-
staje do ustalenia charakter frakcji otrzymywanej z roztworu rodzimego DNA.
Traktowanie chloroformem nie ma wplywu na RNA z drozdzy, kwas apurynowy
oraz DNA ogrzewane w warunkach powodujacych jedynie depurynacje lub $cinanie
lancuchow.

Traktowanie chloroformem cze$ciowo zdenaturowanego cieptem transformujg-
cego DNA streptococcus Challis powoduje usunigcie z fazy wodnej tylko czeSci
DNA; specyficzna aktywno$§é transformujgcego DNA w fazie wodnej wzrasta, lecz
w mniejszym stopniu niz mozna by oczekiwaé¢ na podstawie iloSci DNA usuwanego
z roztworu.

Wyniki do$wiadczen sa zgodne z pogladem, ze denaturacja cieplna DNA, lub
inaktywacja cieplna transformujacego DNA, nie jest procesem o charakterze ,wszy-
stko lub nic* lecz procesem stopniowym. Biologiczna aktywnos$¢ czeSciowo
zinaktywowanego DNA pochodzi od czagsteczek, ktérych tancuchy podwéjnej spirali
ulegly tylko cze$ciowemu rozdzieleniu. Resztkowa aktywno$§¢ cieplnie zdenaturo-
wanego transformujgcego DNA jest wilasno$cig zdenaturowanych czasteczek DNA.

Denaturacja cieplna transformujgcego DNA w 7,2M-nadchloranie sodowym
umozliwia dokladny pomiar aktywnos$ci resztowej catkowicie zdenaturowanego
cieplnie DNA w warunkach, w ktérych nie nastepuje depurynacja i S$cinanie
lancuchow.

Received 20 February 1963.

Note added in proof: It has now been found that the degree of fractionation
of heat-denatured from native DNA is also dependent on the base composition of
the DNA. For DNA with a high G—C content, about 70%, chloroform treatment
gives practically no fractionation. Further studies are in progress.
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W. RZECZYCKI

BASIC PROTEIN FROM MITOCHONDRIA AS INHIBITOR
OF THE ENZYMES OF THE ELECTRON TRANSPORT SYSTEM

Department of Biochemistry, Medical School, Gdansk

Basic proteins, protamine, histones, ribonuclease, lysosyme and the
synthetic polylysine, inhibit cytochrome oxidase [10, 6], succinate oxidase
and succinate cytochrome c reductase [3,4], the enzyme systems parti-
cipating in mitochondrial electron transport.

Previously the isolation from hog kidney mitochondria of a basic
protein containing about 25%, lysine was reported [9]. The present paper
deals with the effect of this protein on mitochondrial electron transport
enzymes.

MATERIAL AND METHODS

Mitochondrial basic protein (MBP). This protein was obtained from
hog kidney as described previously [9]. It corresponded electrophoreti-
cally to the main fraction A of the basic proteins extracted from hog
kidney with sulphosalicylic acid [8].

Preparation of mitochondria. Tissues were homogenized in 9 vol. of
0.25 m-sucrose at 0°, the nuclei were sedimented at 600 g and the mito-
chondria were centrifuged at 20 000 g for 10 min., then washed twice
with, and suspended in, 0.25 M-sucrose solution. One ml. of the suspens-
ion contained mitochondria from 1 g. of tissue.

Cytochrome oxidase. The activity was determined in a Warburg
apparatus at 37°. Three ml. of the incubating solution contained: mito-
chondria (0.1 -0.2 mg. N); cytochrome ¢, 0.25 wmole; sodium phosphate
buffer, pH 7.4, 100 umoles; sodium ascorbate, pH 7.0, 30 mmoles; and
AlCl;, 1 umole [7]. Liberated CO, was absorbed by 0.2 ml. of 10°% KOH
and oxygen uptake was measured after 10, 20 and 30 min.

Succinate oxidase. The determinations were carried out in a Warburg
apparatus at 37°; each vessel contained in 3 ml. volume: mitochondria
(0.2-0.4 mg. N); cytochrome ¢, 0.05 umole; sodium phosphate buffer,
pH 7.4, 100 umoles; sodium succinate, pH 7.4, 300 umoles; CaCl,, 1 umole;
and AICl;, 1 wmole [7].

Succinate - cytochrome c¢ reductase. The increase of extinction at
550 mu (reduced cytochrome c) was measured in 3 ml. of the mixture
containing: mitochondria (0.015 - 0.030 mg. N); sodium phosphate buffer,
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pH 7.4, 100 pmoles; cytochrome ¢ 0.1 umole; KCN, 3 umoles; and sodium
succinate, pH 7.4, 30 umoles [11]. The measurements were carried out
with a Unicam spectrophotometer in 1 cm. long cuvette every 20 seconds
for 3 min. at room temperature varying from 21 to 25° from one experi-
ment to another. The concentration of the reduced cytochrome ¢ was
calculated in moles by multiplying the extinction values by
5.35 X 105 [11].

NADH, - cytochrome c reductase. The same method was used as for
succinate - cytochrome ¢ reductase except that 0.3 wmole NADH, was
added instead of sodium succinate [11].

The effect of basic protein. To study the effect of MBP and protamine
on the enzymic reactions the protein was added to the respective reaction
mixtures before incubation.

Determination of total nitrogen. The nitrogen of mitochondrial pre-
parations was determined by the Kjeldahl method.

Reagents. Cytochrome c, Biosedra, France, a solution containing 3 mg.
cytochrome ¢ in 1 ml.; protamine sulphate, c.p., Biuro Odczynnikoéw
Chemicznych, Gliwice, Poland; NADH,, Sigma, U.S.A. Other reagents
were of analytical grade.

RESULTS

The effect of protamine and MBP from kidney on the activity of the
electron transfer enzymes in hog kidney mitochondria is presented in
Figs. 1 -4. For the experiments the same preparation of mitochondria
was used. It was found that the inhibiting effect of protamine on succinate
oxidase was twice as great as that of MBP; this difference was much
smaller for cytochrome oxidase, and nearly the same effect was observed
for NADH, - cytochrome ¢ reductase. On the other hand, succinate - cyto-
chrome c¢ reductase was affected more by MBP than by protamine.

The inhibitory effect of varying concentrations of MBP and prot-
amine on the enzymic activities is shown in Table 1. It should be noted
that the amount of inhibitor producing the maximum of inhibition was
equal for protamine and MBP. For cytochrome ¢ and succinate oxidases
the maximum effects were at over 300 ng./ml. For cytochrome c¢ re-
ductases the maxima of inhibition were at over 100 ug./ml. but already
at 30 ng./ml. the effect was nearly the same. Basing on these results, in
further experiments 500 wug./ml. of basic protein for the oxidases, and
100 ng./ml. for the reductases was used.

The effect of the basic protein isolated from hog kidney mitochondria,
on mitochondrial preparations from hog liver and from rat liver and
kidney, was studied (Table 2). In each experiment, the results for the
two mitochondrial preparations used were virtually the same.
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Fig. 1. Cytochrome oxidase activity in hog kidney mitochondria: (@), control;
(0), with 300 pg./ml. mitochondrial basic protein; (A), with 300 pg./ml. protamine

sulphate. Activity was measured by oxygen uptake by mitochondria (0.14 mg. N)
at 37°, using sodium ascorbate as electron donor
Fig. 2. Succinate oxidase activity in hog kidney mitochondria: (@), control; (0), with
300 pg./ml. mitochondrial basic protein; (A), with 300 pg./ml. protamine sulphate.
Activity was measured by oxygen uptake by mitochondria (0.28 mg. N) using
sodium succinate as substrate
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Fig. 3. Succinate - cytochrome ¢ reductase activity in hog kidney mitochondria:
(@), control; (0), with 100 pg./ml. mitochondrial basic protein; (A), with 100 pg./ml.
protamine sulphate. Activity was determined at 550 mp by measuring the cyto-
chrome ¢ reduced by mitochondria (0.02 mg. N); sodium succinate was used as
substrate
Fig. 4. NADH; - cytochrome c¢ reductase activity in hog kidney mitochondria:
(@), control; (0), with 100 pg./ml. mitochondrial basic protein; (A), with 100 pg./ml.
protamine sulphate. Activity was determined at 550 mp by measuring the cyto-
chrome ¢ reduced by mitochondria (0.02 mg. N); NADH, was used as substrate
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Table 1

The effect of warying concentration of basic proteins on the activity
of electron transport enzymes in hog kidney mitochondria

For details see Methods

Inhibition by
Barine C;::::::“ ot:f Protamine Mitc?chondr'ial .
(ug./ml.) sulphate basic protein |
7 (%) (%)
Cytochrome ¢ oxidase 10 27 25
100 65 60 :
300 78 70 ‘
600 80 70
Succinate oxidase 10 50 15
100 80 41
300 87 54
600 90 55
Succinate - cytochrome ¢ reductase 1 10 25
3 30 50
3 37 58
10 | 46 71
15 ‘ 53 77
30 64 85
100 ! 70 90
150 | 73 92 |
NADH; - cytochrome ¢ reductase 5 35 36 ‘
10 \ 45 a2 |
100 ’ 68 65 <
150 70 67 1

The degree of inhibition by the MBP preparation in relation to the
inhibition produced by protamine was for cytochrome oxidase, succinate
oxidase and NADH, - cytochrome ¢ reductase the same in hog liver mito-
chondria and in rat liver and kidney mitochondria, as in hog kidney
mitochondria. Only the activity of succinate - cytochrome ¢ reductase
in hog kidney mitochondria was more inhibited by MBP than by prot-
amine; in other mitochondria the effect of both inhibitors was nearly
the same, or the inhibition produced by MBP was slightly smaller.

DISCUSSION

The isolation of basic protein from mitochondria and the demon-
stration of its inhibitory effect on the electron transport system allows
to make some suggestions regarding one of the possible mechanisms
of metabolic control in mitochondria.
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Table 2

Inhibition of some electron transport enzymes by mitochondrial basic
protein and protamine, in kidney and liver mitochondria of hog and rat
In experiments on cytochrome ¢ and succinate oxidases the concentration of the

basic protein was 500 pg./ml. and in experiments on succinate - and NADH, - cyto-
chrome ¢ reductases the concentration of the added basic protein was 100 pg./ml.

| Inhibition by
Mntochonflnal Protamine sulphate Mitochondrial basic protein
Enzyme preparation (%) (%)
from
Expt. 1 | Expt.2 Expt. 1 | Expt.2

Cytochrome ¢ Hog kidney 80 90 70 80

oxidase Hog liver 85 80 73 75

Rat kidney 92 80 83 70

Rat liver 88 85 78 ’ 70

{

Succinate oxidase | Hog kidney 90 90 52 45

Hog liver 82 81 67 65

Rat kidney 92 88 65 63

Rat liver 85 87 42 51

Succinate-cyto- Hog kidney 73 75 90 92

chrome ¢ re- Hog liver 65 75 65 70

ductase Rat kidney 65 70 51 55

Rat liver 85 80 60 55
NADH,-cytochro- \ Hog kidney 70 75 67 70 ;
me ¢ reductase | Hog liver 78 80 64 ‘ 70 |
Rat kidney 79 80 73 75 1
Rat liver 72 70 70 65 |

It may be assumed that in mitochondria the basic protein is combined
by electrostatic bonds with acidic proteins or phospholipids. Such com-
plexes were demonstrated in vitro by Chargaff & Ziff [1] and Nagumo [5].
The mitochondrial basic protein is readily extracted with sulphosalicylic
acid which probably dissociates the ionic bonds, and then the protein
can pass to the solution; this is similar to the extraction with 0.2 N-H,SO;
of histones combined with DNA in cell nuclei. In mitochondria the
complex of the basic protein with the acidic component would dissociate
reversibly in different sites under the influence of local changes in pH
or ions concentration, and would thus regulate the metabolism of the
mitochondria.

The mechanism of the inhibitory effect of the basic protein on the
electron transport enzymes could be explained by two assumptions.
Takemori et al. [12] suggested that the inhibition of cytochrome oxidase
by basic proteins is due to the combination with the acidic protein and
cytochrome c. This could be also valid for the components of the War-
burg-Keilin system. Machinist et al. [3] suggested that the inhibition of
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oxidoreduction processes in mitochondria by protamine consists in bond-
ing with the negatively charged pores in the mitochondrial membrane
which prevents the entry of external cytochrome c. According to both
these assumptions, the inhibition by more basic protein should be greater
than by less basic protein. In the presented experiments the effect of
protamine (80% of arginine [2]) was greater than the effect of the basic
protein from hog kidney mitochondria (30% of basic amino acids), with
the single exception for hog kidney mitochondria where the succinate - cy-
tochrome c¢ reductase was more affected by MBP than by protamine.
This could be interpreted as due to a specific effect of hog kidney mito-
chondria basic protein on the succinate - cytochrome ¢ reductase activity
in this tissue.

SUMMARY

1. The effect of basic protein obtained from hog kidney mitochondria
and that of protamine, on mitochondrial electron transfer enzymes was
examined in the kidney and liver mitochondria of hog and rat.

2. Both protamine and mitochondrial basic protein inhibited by
40 - 90%, the activities of succinate and cytochrome oxidases as well as
succinate - and NADH, - cytochrome ¢ reductases.

3. The inhibition by protamine was more effective than by mito-
chondrial protein except for succinate - cytochrome ¢ reductase in hog
kidney.
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ZASADOWE BIAEKO MITOCHONDRIOW JAKO INHIBITOR ENZYMOW
PRZENOSZACYCH ELEKTRONY

Streszczenie

Zbadano wplyw zasadowego biatka z mitochondriéw nerki wieprza oraz wplyw
protaminy na aktywno$¢ oksydazy cytochromowej i bursztynowej, a takze na ak-
tywnos¢ reduktaz cytochromu c zaleznych od NADH, i kwasu bursztynowego w mi-
tochondriach nerki i watroby wieprza oraz szczura. Zar6wno protamina jak i zasa-
dowe biatko mitochondrialne hamuja aktywno$é¢ tych enzyméw od 40 do 90 procent.
W mitochondriach nerki wieprza, zasadowe biatko mitochondrialne hamuje mocniej
aktywno$¢ reduktazy cytochromu c zaleznej od kwasu bursztynowego niz protami-
na. Inne enzymy sg mocniej hamowane przez protamine niz przez zasadowe biatko
mitochondrialne.

Received 23 February 1963
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ACID AND ENZYMIC HYDROLYSIS PRODUCTS OF THE CYCLIC
PHOSPHATE ESTERS OF 1-(3-0-GLUCOPYRANOSYL)URACIL

Department of Biochemistry, State Institute of Hygiene; and Institute of Bioche-
mistry and Biophysics, Polish Academy of Sciznces, Warszawa

In a previous publication [13] were described the synthesis and identi-
fication of the four isomeric monophosphate esters of 1(f-p-glucopyrano-
syl)uracil, as well as the preparation of the three possible cyclic phos-
phate isomers which may be formed from these; viz. the 2":4" and 4":6
with six-membered rings, and the 3":6° with a seven-membered ring.
The cyclic phosphates are of particular interest from the biological point
of view since all three of them were found to be susceptible to ring
opening by mammalian tissue enzymes [13]. Additional significance at-
taches to the cyclic phosphates as a result of the discovery in biological
material of adenosine-3":5’-phosphate and its role in glycogenolysis
[7, 6,10], ketone body formation in liver slices, activation of phospho-
fructokinase, and other biological functions [10].

Six- and seven-membered cyclic phosphate rings are known to be
more resistant to chemical hydrolysis than 5-membered rings [1, 4, 5, 8,
12, 13] and special enzyme systems have been described for the synthesis
[10,11] or hydrolysis [3,9, 10,13] of these compounds. In the present
communication we describe the products of acid and enzymic hydrolysis
of the three cyclic phosphates of glucosyluracil. The latter were obtained
by treatment with dicyclohexylcarbodiimide in aqueous pyridine [13] of
the 2’-, 3’-, and 6"-monophosphates !. For the 2’- and 3"-isomers the only
sterically possible products are the 2’:4’- and 3":6’-cyclic phosphates, res-
pectively. Cyclization of the 6’-monophosphate may, however, lead to the
formation of either the 3":6"-, or 4":6"-cyclic phosphates, or a mixture of
the two. The results of chemical and enzymic hydrolysis, to be described
below, show that with the reaction conditions used here [13] the only
product is the 4:6’-cyclic phosphate. This result is all the more striking

* Holder of a fellowship of the Belgian “Fondation Universitaire” at the Insti-
tute of Biochemistry and Biophysics, Warsaw. Permanent address: Laboratorium
voor Fysiologische Scheikunde, Rijksuniversiteit Gent, Belgium.

1 It was previously reported [13] that the cyclization reaction proceeds in 70%
yield. We have now found that, if the dicyclohexylcarbodiimide is purified by
distillation before use, the yield of cyclic phosphate may be increased to 90%.

http://mem.org.pl



288 B. ZMUDZKA, L. LEPOUTRE and D. SHUGAR [2]

in that, under identical conditions, glucose-6-phosphate itself reacts to
form a mixture of two cyclic phosphates, presumably the 3:6 and 4:6,
both of which are likewise susceptible to enzymic hydrolysis (Zmudz-
ka & Shugar, in preparation).

Acid hydrolysis of the cyclic phosphates was carried out in 1 N-HCI
at 100° for 60 min., the samples being contained in sealed ampoules.
Under these conditions, hydrolysis proceeded to the extent of about
75 - 80%. The hydrolysis products were identified by paper chromato-
graphy in solvents A, B and C (see Table 1); solvent B is particularly
useful in that it resolves a mixture of the 3" and 4 monophosphates from
the 2’ and 6’. In addition the hydrolysis products of the 4":6’-cyclic phos-
phate (Table 1) were identified by chromatography on a Dowex 2 X &
formate column previously calibrated against the known monophosphate
isomers [13]. This was done by first eluting from the column the three
isomeric monophosphates, and then a mixture of the three plus the cyclic
phosphate, as shown in Fig. 1.

Table 1

Paper chromatography of 1-(B-p-glucopyranosyljuracil and its phosphate
esters

Whatman no. 1 paper and ascending technique were used. Solvent: A, pro-

pan-2-ol - ammonia (d - 0.88) - water (7:1:2, by vol); B, sat. (NH;)2SO4-1 M-

-CH3COONa - propan-2-ol (80:18:2, by vol); C, methyl cellosolve - methyl ethyl ke-
tone - 3 N~-NH;OH (7:2:3, by vol.)

_ Rp in solvent |
Compound

A | B €
1(8-p-Glucopyranosyl)uracil 0.38 0.73 —
2’-Phosphate 0.07 0.82 0.18
3’-Phosphate 0.08 0.73 0.19
4’-Phosphate 0.07 0.73 0.21
6’-Phosphate 0.05 0.82 0.16
2":4’-Cyclic phosphate 0.25 0.57 0.53
37:6’-Cyclic phosphate 0.25 0.57 0.53
47:6’-Cyclic phosphate 0.25 0.57 0.53

The fractionation of the products of hydrolysis of glucosyluracil-
-4":6’-phosphate (Fig. 2) demonstrates that, apart from a small percentage
of 6-monophosphate, the principal product is the 4’-monophosphate,
while the 3’-monophosphate is completely absent. It follows, as noted
above, that the product of cyclization of the 6-monophosphate is exclu-
sively the 4":6’-cyclic phosphate.

The overall results (Table 2) demonstrate that, with the hydrolysis
conditions employed, the 3”:6’-, and 4":6’-cyclic phosphates are hydrolysed
predominantly to products in which the phosphate group remains in a
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Fig. 1. Column calibration with standard glucosyluracil phosphates: (—), 1.0 mg.

each of the 3’-, 4’-, and 6’-monophosphates or (-+-), all the foregoing plus 0.6 mg.

of the 4:6"-cyclic phosphate of glucosyluracil were dissolved in 3 ml. HsO, brought

to pH 9 with 1 n-NH4OH, and adsorbed on Dowex 2 X8 formate column

(14 X 0.8 cm.). The column was then washed with 300 ml. water and elution

carried out with 0.05 M-HCOONH; - 0.01 M-HCOOH. Fractions of 5 ml. were collected
at 10 min, intervals and the extinctions measured at 260 mp.
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Fig. 2. Analysis of hydrolysis products of glucosyluracil-4’:6’-cyclic phosphate:

(-+-), elution pattern for 3 mg. of cyclic phosphate following hydrolysis in 0.2 ml.

1 N-HCI1 at 100° for 60 min.; (—), elution pattern for mixture of 1.0 mg. each of the

3’-, 4’-, 6’-, and 0.6 mg. 4’:6’-phosphates. Adsorption and elution carried out as
described in Fig. 1.
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secondary ester linkage, i.e. to the 3’- and 4’-phosphates, respectively.
An analogous finding was reported by Smith et al. [8] for the alkaline
hydrolysis of riboside-3":5’-cyclic phosphates, the greater stability of
a phosphate ester at a secondary linkage being likened to the increased
stability of carboxylic esters at a secondary, as compared to a primary,
linkage. In the case of the 2":4’-cyclic phosphate, where each of the
two possible products is a monophosphate with a secondary ester linkage,
acid hydrolysis leads to the formation largely of the 4’-phosphate
(Table 2).

Table 2
Chemical and enzymic hydrolysis products of cyclic phosphates
of 1-(B-p-glucopyranosyl)uracil

For hydrolysis conditions see text. Enzymic hydrolysis products usually contained
about 20% nucleoside, due to the action of the tissue extract monophosphoesterase.
The results represent a typical experiment

. Monophosphate products and their relative
Cyclic Type of‘ proportions (%)
phosphate hydrolysis
2" 3% 45 rht s
2747 Chemical 15 = 85 —
Enzymic 0 — 100 —
3.6 Chemical —_ 79 - -, i
Enzymic — 0 — 100
46 Chemical — — 93 7
| Enzymic — — 0 100

Enzymic hydrolysis of the cyclic phosphates was carried out by
means of a rabbit brain extract as employed by Drummond & Perrott-
-Yee [3] for decyclization of riboside-3":5’-phosphates, and prepared as
previously described [13]. Hydrolysis conditions were as follows: 0.1 ml.
substrate (1 mg./ml.), 0.05ml. 0.2m-tris buffer, pH 7.5, 1nl. 0.1 M-MgCl;
and 0.05 ml. brain extract (14 mg. protein/ml.), incubation for 20 hr.
at 37° (in presence of thymol to prevent infection; control of prepara-
tion under the microscope preceding and following incubation did not
indicate pronounced bacterial contamination). The incubation mixture
was then heated on a water bath for 10 min., the precipitated protein
centrifuged down, and cations removed from the supernatant by means
of a few grains of Dowex 50 (H*). The supernatant was then paper
chromatographed with solvent A to control the course of the reaction.
The spots corresponding to monophosphates, Ry ~ 0.07, were eluted, the
eluate concentrated and chromatographed with solvent B. For the
4’:6’-cyclic phosphate, the results were checked by column chromato-
graphy as described above for acid hydrolysis.
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The results for enzymic hydrolysis are collected in Table 2. In the
two instances where the cyclic phosphate ring involves both a primary
and secondary linkage (i.e. the 3":6" and 4":6"), the hydrolysis products
are such that the phosphate group remains involved in a primary ester
linkage, hence in a sense inverse to that resulting from acid hydrolysis.
However, the enzymic hydrolysis products differ from those obtained
by acid hydrolysis in that only a single product is obtained. The action
of brain extract is seen from the foregoing results to be analogous to
the action of the same extract [3], as well as to the action of the purified
phosphodiesterase of Butcher & Sutherland [2], on riboside-3":5"-cyclic
phosphates, the products of which are the 5°-phosphates. The enzyme(s)
involved in all the above reactions also require the presence of Mg?*
ions for activity [cf. ref. 2, 3].

The foregoing provides no clue as to what enzyme or enzymes hydro-
lyse the glucosyluracil cyclic phosphates. It is perhaps more than
a coincidence that brain extract, which most actively attacks ribo-
side-3":5"-cyclic phosphates, is also most active against the glucosyluracil
cyclic phosphates, although less so than against the riboside cyclic
phosphates. It should be recalled that brain extract also decyclizes
glucose-4:6-cyclic phosphate [13] and probably glucose-3:6-cyclic phos-
phate (Zmudzka & Shugar, work in progress). If, therefore, the same
enzyme is involved, its range of specificity must be very broad. It is
hoped that further work, now in progress, may clarify this problem,
as well as the possible metabolic role of the enzyme(s) involved.

SUMMARY

Paper and column chromatographic methods have been applied to
the identification of the acid and enzymic hydrolysis products of the
three possible cyclic phosphates of 1(p-p-glucopyranosyl)uracil, viz. the
2":4’-, 3":6-, and 4”:6’-phosphates.

Enzymic hydrolysis (by brain tissue extracts) leads to the forma-
tion of the 4’-, 6’-, and 6’-phosphates, respectively. Acid hydrolysis of
the cyclic phosphates gives a mixture of the two possible monophosphate
esters, with one form predominating in each case, viz. the 4’-, 3’-, and 4'-.
The results of acid and enzymic hydrolyses are compared and the
possible specificity of the enzyme(s) involved discussed.
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PRODUKTY CHEMICZNEJ I ENZYMATYCZNEJ HYDROLIZY CYKLICZNYCH
FOSFORANOW 1-(f-p -GLUKOPYRANOZO)URACYLU

Streszczenie

Zastosowano metody chromatografii bibulowej i kolumnowej do identyfikacji
produktéw kwasowej i enzymatycznej hydrolizy trzech mozliwych cyklicznych
fosforanéw 1(f-p-glukopyranozo)uracylu, tzn. 27:4’-, 37:6'- oraz 4/:6’-fosforanéw.

Hydroliza enzymatyczna (ekstraktem z mézgu krélika) prowadzi do powstania
kolejno 4’-, 6’- i 6’-monoestréw fosforowych. Hydroliza kwasowa daje mieszaning
dwu mozliwych monoestréw z wyrazng przewaga jednego z nich; dla kolejnych
fosforan6w cyklicznych byly to 4’-, 3’- i 4’-fosforany.

Poréwnano wyniki hydrolizy chemicznej i enzymatycznej oraz przedyskutowano
mozliwg specyficzno§é rozpatrywanego enzymu(6w).

Received 4 March 1963.
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The available methods for the estimation of glutamine in biological
material containing also AMP and amino acids are few and rather
inconvenient. The chromatographic methods [16,13] are rather time
consuming, and the methods in which acid or alkaline hydrolysis is
applied [14, 3, 12] prior to ammonia or glutamate estimation, are lacking
in specificity [9]. The same is true for the ninhydrin-gasometric method
of Hamilton [8]. Among the enzymic methods that described by Krebs
[10] is highly specific but Clostridium welchi used in this method is
a very infective material. The Archibald’s method for glutaminase
preparation from dog kidney [1, 2] is troublesome and the enzyme ob-
tained is not very specific, as ammonia is liberated from glutamine and
AMP to the same extent.

In kidney, AMP aminohydrolase is localized in the supernatant frac-
tion [17] and glutaminase in the particulate fraction [7]; therefore it
seemed probable that kidney glutaminase may be separated from AMP
aminohydrolase and from some other aminohydrolases by centrifugation.
This supposition was confirmed. The particulate fraction of rat kidney
homogenate suspended in KCN-phosphate solution can be used as
a specific enzyme preparation for glutamine deamidation. The liberated
ammonia may be estimated directly by microdiffusion if the reaction
is performed in a Conway dish.

MATERIALS AND METHODS

Reagents. Glutamine was T. Schuchardt (Gérlitz, East Germany) and
Fluka (Switzerland) product; 5-AMP, adenosine, p,L-alanine, L-serine,
taurine and L-leucine were L. Light (England) products. Glycine was
obtained from T. Schuchardt (East Germany); r-glutamic acid from
Merck (West Germany); p,L-threonine from Lachema (Czechoslovakia);
L-aspartic acid from Riedel (West Germany); L-asparagine from BDH
(England); p,L-lysine hydrochloride and valine from U.S.S.R.; 3-AMP,
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L-alanine and tris from Fluka (Switzerland). Other chemicals were
purchased from Gliwicka Fabryka Odczynnikéw, Gliwice, Poland.

Enzyme preparation. Albino rats were killed by a blow on the head
and decapitation. The kidneys were removed and homogenized in
a Potter-Elvehjem homogenizer with 0.1 m-KCl solution to make a 10%o
homogenate. The homogenate was centrifuged in cold at 600 g for 3 min,,
the sediment was discarded and the supernatant centrifuged at 24 000 g
for 15 min. The sediment containing amidohydrolase was washed by
suspending it carefully in 0.04 M-KCN solution containing 0.16 M-sodium
phosphate, pH 7.7, and centrifuging for 15 min. at 24 000 g. The sediment
corresponding to 1 gram of kidney was suspended in 3.5 ml. of the
KCN-phosphate solution, and used for the assays. The enzyme was
stable for about 2 weeks when stored at 1°.

Tissue and blood extracts. Not less than 1 g. tissue or 5 g. blood was
dipped into 7ml. of 15% trichloroacetic acid. While working with the
tissues containing glutamine amidohydrolase it was important to put
them into acid as soon after removal from the body as possible. The
tissue was homogenized in a Potter-Elvehjem homogenizer and the
sediment centrifuged off. From the supernatant 5ml. was transferred
into a calibrated test tube, 3ml. of tris buffer, pH 7.7, containing
50 umoles sodium phosphate per ml., was added, the solution brought
to pH 7.7 with diluted NaOH and made up to 10 ml. with glass-distilled,
ammonia-free water.

Glutamine determination. The incubation of the tested sample with
the enzyme preparation may be carried out either in the Conway micro-
diffusion dish [6] or in the microdiffusion bottle described by Brown
et al. [4]. When Conway technique was used, 1 ml. of the tissue extract
was put into a half of the outer chamber, the dish being propped into
a sloping position; then 0.3 ml. of the enzyme suspension was added
and mixed carefully, and care was taken to prevent the other half of
the outer chamber from getting wet.

Next the dish was covered with a dry glass plate and incubated at
room temperature (20 -25°) for 45 min. Then 1 ml. of boric acid with
indicator was poured into the central chamber, 1 ml. of saturated NayCOj3
solution was added to the incubation mixture and ammonia was estimated
by the usual Conway technique with either 0.005 N or 0.01 N-HCI solu-
tion for the titration, depending on the concentration of glutamine.
Enzymic blanks containing water instead of the extract, and substrate
blanks containing KCN-phosphate solution instead of the enzyme
suspension, were carried out simultaneously. The net ammonia content
after both blanks have been subtracted represents the amount of gluta-
mine in 1 ml. sample.
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[3] ENZYMIC DETERMINATION OF GLUTAMINE 295

RESULTS

The amount of ammonia liberated under the influence of the kidney
enzyme preparation, was proportional to the amount of glutamine added
in the range from 0.1 to 3 wmoles glutamine per ml. (Fig. 1).

A
oo
I

A
L=

Fig. 1. The estimation of glutamine in standard
solutions by the enzymic method. Each sample
contained 50 umoles phosphate; 25 pmoles tris,
pH 7.7; 12 umoles KCN, and an amount of enzy-
me preparation corresponding to 80 mg. of kid- 16
ney tissue. Glutamine was added as indicated ¢
in the Figure. Final volume 1.3 ml. The incuba- 08
tion was carried out in the outer chamber of

NHz (umoles)
B

1

I ! { Il |
Conway microdiffusion dish at about 25° for 08. 16 24 32 40 48
45 min. Glutarnine (umoles)

The specificity of the enzyme preparation from rat kidney is demon-
strated in Table 1. No ammonia, or only negligible amounts were libe-
rated from adenine nucleotides, adenosine, and from the amino acids
tested. The only exception was p,L-alanine from which about 40% of
its ammonia content was liberated. As the deamination of L-alanine is

Table 1

The specificity of glutamine amidohydrolase preparation from rat kidney

Each sample contained 0.5 pmole substrate, 50 umoles phosphate, 25 umoles tris,
pH 7.7, 12 pmoles KCN and suspension of the enzyme preparation corresponding
to 80 mg. of tissue in the final volume 1.3 ml. Incubation was carried out in the
outer chamber of Conway dish at 20 -25° for 45 min. The reaction was stopped
by the addition of 1 ml. saturated NasCOgs, which at the same time started ammonia

microdiffusion

Substrate NHj; liberated Substrate NH; liberated

(0.5 pumole) (umoles) (0.5 pmole) (umoles)
L-Glutamine 0.51 L-Serine 0.01
5’-AMP 0.00 D,L-Lysine 0.02
3-AMP 0.00 D,L-Threonine 0.00
Adenosine 0.02 Glycine 0.00
L-Glutamic acid 0.00 L-Valine 0.00
L-Aspartic acid 0.01 L-Tyrosine 0.00
L-Asparagine 0.01 L-Leucine 0.00
D,L-Alanine 0.21 Taurine 0.00
L-Alanine 0.01 D-Glucosamine 0.00
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negligible it is possible that only p-alanine, besides glutamine, was de-
aminated by our enzyme preparation.

The activity of glutamine amidohydrolase was fairly stable in the
preparation stored at 1°, however, it decreased rapidly when the prepa-
ration was frozen and thawed (Table 2). When kept at 1°, the prepara-
tion retained its initial activity for about a fortnight, and then some
loss of activity began. Usually the amount of endogenous ammonia in
the preparation was negligible, however, it increased slightly during
storage.

Table 2

The effect of storage on glutamine amidohydrolase activity in the enzyme
preparation

The suspension of rat kidney particulate fraction was prepared as described in the

text. It was divided into small portions, part of which was stored at 1° and the

other part at -10°. Before use, the suspension was diluted twice with KCN-phosphate

solution (7 ml. of suspension corresponded to 1 g. of tissue), and its activity was

estimated by incubating 0.3 ml. with 10 pmoles glutamine under conditions described
in Fig. 1, except that incubation time was 20 min.

Glutamine decomposed
Days of storage (umole/20 min.)
Enzyme stored at 1° | Enzyme stored at -10°
(1] 2.59 2.59
) 2.24 0.35
8 2.15 0.34
12 2.28 0.39
17 1.01
20 1.01
23 1.13
28 0.87

The extraction procedure did not destroy the glutamine present in
the tissue. This was proved by the recovery of the glutamine added to
the deproteinized blood. A typical experiment of this series is shown
in Table 3.

The determination of glutamine in the whole blood, without prior
extraction or haemolysis, gave lower results; e.g. in two blood samples
0.49 and 0.42 pmoles glutamine per g. could be detected when incubated
directly, and 0.84 and 1.04 wmoles per g. after extraction. This indicates
that the extraction of the blood (or other tissues) forms an essential step
in the procedure.

Reproducibility of the method was tested by performing ten estima-
tions on the same human blood sample. The mean value obtained was
1.33 umoles glutamine per g. with a standard deviation of 0.06. In Table 4
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Table 3
The recovery of glutamine added to the blood

Glutamine was added to the blood deproteinized with trichloroacetic acid. Another
portion of glutamine was diluted with water in the same proportion and glutamine
was estimated in both samples as described in the text

Glutamine
Experiment (umoles)
added | recovered
1 0.47 0.45
11 0.41 0.44
111 0.79 0.85
Table 4

Glutamine concentration in the blood of healthy human subjects
fasted for 12 hr.

Tnitals Glutamine
(emole/1 g. of blood)

J.P! 0.82

L:Z: 0.80

M.Z. 0.69

R.K. 0.88

W.M. 0.77

J.Pr. 0.88

W.Rz. 0.82

A.G. 0.52

J.U. 0.52

oy o 0.99
Average-+S.D. | 0.774-0.15

glutamine concentration in the blood of ten healthy human subjects aged
20 - 40 years fasted for about 12 hr., is shown. The concentration found
is within the limits reported for blood plasma by other authors using
different methods [e.g. 16]. Higher values were obtained when the blood
had been taken after the ingestion of a meal.

DISCUSSION

The quantitative estimation of glutamine is of great interest for phy-
siologists as this compound may constitute as much as 25% of total free
amino acids in the blood and 60°% in some other tissues [14]. Changes
in glutamine concentration in the blood may occur in some pathological
conditions [15, 5]. As already mentioned, few methods of glutamine de-
termination have been described so far.
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In our work advantage was taken of the fact that rat kidney glutamine
amidohydrolase is present in the mitochondrial fraction [7] whereas
AMP aminohydrolase is localized in the supernatant [17]. Using the KCN
solution proposed by Archibald [1] to wash and suspend the mitochond-
rial fraction we were able to obtain a rather specific enzyme preparation.
p-Alanine, which is deaminated by the preparation, does not occur in
animal tissues and therefore could not interfere with the glutamine
estimation. The kidneys of dog and cat could also be used for enzyme
preparation. However, hog and ox kidney mitochondria, showing a high
glutamine amidohydrolase activity, contain also adenosine aminohydro-
lase [11] and are not suitable for glutamine estimation in the presence
of adenosine.

The method described is applicable to the blood and other animal
tissues. Probably it could be also used for glutamine determination in
plant material.

The authors appreciate the skilful technical assistance of Mrs. Regina
Kaczorowska.

SUMMARY

1. A specific glutamine amidohydrolase preparation was obtained
by suspending rat kidney mitochondrial fraction in KCN-phosphate
solution.

2. By using this preparation, and the Conway technique for the
estimation of ammonia, it is possible to determine even 0.1 umole glu-
tamine per ml. of blood or tissue extract.

REFERENCES

[1] Archibald R. M. - J. Biol. Chem. 154, 643, 1944.

[2] Archibald R. M. - J. Biol. Chem. 154, 657, 1944.

[3] Boulanger P. & Orteux R. - Bull. Soc. Chim. Biol. 31, 1290, 1949.

[4] Brown R. H., Duda G. D., Korkes S. & Handler P. - Arch. Biochem. Biophys.
66, 301, 1957.

[5] Caesar J. - Clin. Sci. 22, 33, 1962.

[6] Conway E. J., Microdiffusion Analysis, Crosby Lockwood, London, 1957.

[7] Errera M. & Greenstein J. P. - J. Biol. Chem. 178, 495, 1949.

[8] Hamilton P. B. - J. Biol. Chem. 158, 375, 397, 1945.

[9] Jezewska M. - Acta Biochim. Polon. 1, 149, 1954.

[10] Krebs H. A. - Biochem. J. 43, 51, 1948.

{11] Makarewicz W. & Zydowo M. - Comp. Biochem. Physiol. 6, 269, 1962.

[12] Orstrém A. & Orstréom M. - Acta Med. Scand. 138, 108, 1950.

[13] Peraino C. & Harper A. E. - Arch. Biochem. Biophys. 97, 442, 1962.

http://rcin.org.pl



[N ENZYMIC DETERMINATION OF GLUTAMINE 209

[14] Prescott B. A. & Waelsch H. - J. Biol. Chem. 167, 855, 1947.

[15] Seegmiller J. E., Schwartz R. & Davidson C. S. - J. Clin. Invest. 33, 984, 1954.
[16] Wu C. - J. Biol. Chem. 207, 775, 1954.

[17] Zydowo M. - Acta Biochim. Polon. 7, 215, 1960.

ENZYMATYCZNE OZNACZANIE GLUTAMINY PREPARATEM
Z NERKI SZCZURA

Streszczenie

1. Przez zawieszenie frakcji mitochondrialnej nerek szczura w roztworze KCN
zawierajgcym fosforany, otrzymano swoisty preparat glutaminazy.

2. Uzywajac tego preparatu dla uwolnienia amoniaku i mikrodyfuzji Conwaya
dla jego oznaczenia, mozna bylo oznaczyé 0,1 umola lub wiecej glutaminy w 1 ml
ekstraktu krwi lub tkanki.

Received 9 March 1963.
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IN HOMOGENATES OF WHEAT SEEDLINGS
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In the years preceding the discovery of polynucleotide phosphorylase,
DNA polymerase and RNA polymerase, two different conceptions con-
cerning the mechanism of the synthesis of polynucleotides were deve-
loped. According to one of them the nucleic acid molecule is formed
by gradual binding of phosphates, carbohydrates and bases to a macro-
molecular acceptor. The other conception assumed the possibility of po-
lymerization of activated mononucleotides (see Brown & Roll [3]).

It is now generally accepted that nucleosidediphosphates and nucleo-
sidetriphosphates are the direct precursors of each nucleotide unit of the
polynucleotide chain in animal tissues and in microorganisms as well
as in higher plants [4, 2, 1, 8]. However, Reifer and co-workers [6, 7] in
their studies on the anabolism of pyrimidines in higher plants in vivo
made some observations which seem to indicate that mononucleotides
may be not the only precursors of nucleic acids. First, no correlation
was observed between the specific activities of both 5-UMP and 5-CMP
and the corresponding 2’(3")-mononucleotides obtained on hydrolysis of
nucleic acids [6]. Then it was found that feeding of the plants with
0.05 mm solution of [2-%4C]Juracil led to the incorporation of radioactivity
into uridine and the polynucleotides, while 5-UMP and 5-CMP re-
mained free of the radioactive carbon [7]. These observations suggested
the possibility of direct incorporation of uracil or uridine into a fraction
of polynucleotides, with the omission of the mononucleotide stage. In
this paper, the corresponding results obtained in vitro on homogenates
of plant material are reported.

MATERIALS AND METHODS

Homogenates. These were prepared in a cold-room at 6°; 20 g. sam-
ples of 5 days old wheat seedlings (Dankowska 40 variety) were ground
in a porcelain mortar with 20 ml. of ice-cold 0.2 mM-saccharose solution
containing 0.2 pmole of ATP per ml. The pulp was then passed through
four layers of gauze and the liquid directly used in the preparation of
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the incubation mixtures. Total protein content in the homogenate was
5 mg./ml.

Incubation. [2-14%C]Uracil (0.01 umole in 0.5 ml. of 0.2 M-saccharose)
with the specific activity of 20 uc/umole was added to 2 ml. of the
homogenate, made up to 3 ml. with 0.2m-saccharose and incubated at 17°.
The reaction was stopped by addition of 20 ml. of ice-cold 0.3 N-HCIO,.
In the control sample, perchloric acid was added simultaneously with
the radioactive uracil. After addition of perchloric acid the incubation
mixtures were separated by centrifugation into two fractions: acid-so-
luble (supernatant) and acid-insoluble (precipitate).

Analytical procedures. The precipitate containing the polynucleotide
was washed 10 times with 20 ml. portions of an ice-cold 0.1 mM-solution
of non-radioactive uracil in 0.3 N-HCIO,, and hydrolysed in 1 N-HCl
at 100° for 1 hr. After cooling, the hydrolysate was filtered and the
solution either used for the determinations of total radioactivity of the
polynucleotide fraction or subjected to further fractionation as described
earlier [6].

The supernatant, i.e. the acid-soluble fraction, was heated for 10 min.
on a boiling water bath in order to hydrolyse UDP and UTP into 5-UMP,
then cooled and the acid-soluble pyrimidine derivatives were separated
according to the previously described procedure [6, 5].

Quantitative determinations and measurements of radioactivity were
performed as before [6]. The particular pyrimidine derivatives were
identified spectrophotometrically [10].

Chemicals. 2(3')-UMP was prepared from RNA according to the pro-
cedure described earlier [6]. Other reagents were obtained from com-
mercial sources: [2-14Cluracil, Radiochemical Centre, Amersham, En-
gland; ATP-Na,; and ribose-5-phosphate (R-5-P), A. G. Fluka, Switzer-
land; glutathione, T. Schuchardt, Miinchen; potassium phosphates,
E. Merck, Darmstadt; uridine, California Corp. for Biochemical Re-
search; RNA, Nutritional Biochemicals Co. The solutions for preparing
the incubation mixture were made up with double-distilled water.

RESULTS

The use of a saccharose solution containing ATP, a factor preventing
heat denaturation of proteins [9], enabled to obtain a homogenate of
wheat seedlings catalysing the incorporation of [2-!“C]Juracil into the
polynucleotides (Table 1). The homogenate prepared in this way showed
no increase in activity on further addition of ATP, MgCl,, R-5-P and
glutathione. In homogenates prepared in 0.2 M-saccharose without ATP,
[2-14C]Juracil was incorporated into the polynucleotides only in traces,
the subsequent addition of ATP, MgCl,, R-5-P or of all these compounds
together to the incubation mixture remaining without effect (Table 1).
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Table 1

Incorporation of [2-1%CJuracil into the polynucleotide fraction in the
homogenates of wheat seedlings

Conditions: 2 ml. samples of homogenates were incubated for 1 hr. at 17° with

0.01 pmole of [2-"*CJuracil (20 pc/umole). ATP, R-5-P, MgCl, and glutathione were

added in amounts given in the Table. The incubation mixtures were made up to
3 ml. with 0.2 Mm-saccharose.

Mean values = S.D. are given. In parentheses the number of experiments. The

Y
standard deviation was calculated from the equation: S.D. = l/ﬂ%
n—
Activity
Homogenate Additions (zmoles) of polynu'cleoude
fraction
(counts/min.)
I 0.2 M-saccharose None 303 + 1.6 (5)
with 0.2 mM-ATP | ATP (0.4) 289 +23 (3)
MgCl, (1.0) 30.7 1.8 (3)
R-5-P (0.4) 312 +13 (3)
ATP (0.4) + MgCl, (1.0) + R-5-P (0.4) 30.1 1.0 (3)
Glutathione (2.0) 220+19 (3)
0.2 M-saccharose None 09 +05 (6)
ATP (0.4) 1.0+ 0.6 (6)
MgCl, (1.0) 1.0 +-04 (6)
R-5-P (0.4) 0.7 +0.5 (6)
ATP (0.4) + MgCl, (1.0) + R-5-P (0.4) 1.1 0.8 (6)
! Glutathione (2.0) 0.3 +03 (6)
Table 2

Effect of pH on the incorporation of [2-14CJuracil

Conditions: 2 ml. samples of homogenates in ATP-saccharose solution were incubated
for 1 hr. at 17° with 0.01 umole of [2-1Cluracil (20 pc/umole). The pH of the
incubation mixture was adjusted by adding 40 umoles of appropriate potassium
phosphate buffer. The final volume of the incubation mixture was 3 ml. Mean
values * S.D. are given; in parentheses the number of experiments;

} pH Activity of polynucleotide fraction
i (counts/min.)
|
i 6.5 (without phosphate) 29.2+1.1 (5)
l 5.5 37.74+0.7 (3)
6.0 45.8+1.3 (3)
| 65 434408 (5)
’ 7.0 34.64-2.5 (3)
| TS 29.54+2.6 (3) !
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The addition of potassium phosphate to the incubation mixtures
showed that its presence as well as changes of pH values influence
essentially the intensity of uracil incorporation into the polynucleotides
(Table 2). The highest radioactivity in this fraction was observed at
pH 6. The total radioactivity of polynucleotides after 1 hr. of incubation
amounted in this case to 0.25% of [2-14C]uracil used.

In the subsequent experiments homogenates prepared in saccharose
solution containing ATP were used, and their pH was adjusted before
incubation to 6 with phosphate buffer.

The relation between the radioactivity of the polynucleotide fraction
and the time of incubation is shown in Fig. 1. There was no incorporation

St X
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£
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8 X
-
>
=20 O
S
<
10}
| | a IS
0 30 50 %0
Time (min.)

Fig. 1. Increase of activity of the polynucleotide fraction during incubation. Condi-

tions: 2ml. of homogenate in ATP-saccharose solution, 0.01 pmole of [2-'*C]uracil

(20 pc/umole), 40 umoles potassium phosphate, 0.2 M-saccharose to 3 ml.; pH 6.0;
temp. 17°. Results from three experiments.

of 1C into the polynucleotides in the control sample. Already after
1 min. of incubation the activity appeared in the polynucleotide fraction
and the linear increase of the activity was maintained for the first
30 min. Later the rate of uracil incorporation was distinctly lower.

The results of measurements of the content and activities of some
pyrimidine derivatives in the homogenates incubated with [2-14C]uracil
during various periods, are presented in Table 3. In uridine and uridine
mononucleotides only insignificant amounts of !C were found, irres-
pective of the incubation time. Considerable activity was, however, found
after 90 min. of incubation in the hydrolysis products of polynucleotides
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Table 3

Content and total activity of some pyrimidine derivatives in homogenates
of wheat seedlings incubated with [2-1%CJuracil

Conditions: 2 ml. samples of homogenates in ATP-saccharose solution were in-
cubated with 0,01 umole of [2-C]uracil (20 pc/umole), 40 pmoles of potassium
phosphate, and 0.2 M-saccharose up to 3 ml.; pH 6.0; temp. 17°. Time of incubation
as indicated in the Table. Mean values from three experiments * S.D. are given

Time of incubation (min.)

| T

! 0 1 10 90
! Pyrimidine (Control)
{ compounds WL
pmole | counts/ |umole| counts/ |umole| counts/ |uxmole| counts/
min. min. min. min.
‘ ‘ l
| Acid-soluble frac- l | ’ | ‘ I‘
{ tion \ ! ‘ ; ‘
|  Uracil | 0.06 |17020+30| 0.06 | 17040430/ 0.08 17010430 0.07 | 1688030
Uridine | 0.13 | 1.0£03 | 0.12 | 1.240.9 | 0.12 ‘ 1.4+0.8 | 0.14 | 0.9+0.2
’ 5-UMP+ !
+UDP+UTP | 0.10 | 0.840.4 | 0.11 | 1.3+0.5 | 0.13 1.3+0.4 | 0.13 | 1.0+0.5
| Acid-insoluble frac- ] :
tion ’ ‘
2'(3)-UMP ‘ 0.46 | 0.2+0.3 | 046 | 1.3+0.2 | 047 | 5.6+1.3 | 0.43 (49.8+2.4
Uridine ‘ 0.05 | 0.3+0.3 | 004 | 1.2+1.6 | 0.05 | 2.6+-0.9 | 0.05 |15441.3

namely in 2°(3")-UMP and uridine. Presumably the homogenates did not
catalyse the degradation of [2-1%Cluracil, for its loss during incubation
was very slight. The content of the particular pyrimidine derivatives did
not undergo any considerable changes in the course of the incubation.

DISCUSSION

The presented data show that in the homogenates of wheat seedlings
incubated with [2-1%Cluracil, considerable activity appears in the hydro-
lysis products of the acid-insoluble fraction. The lack of incorporation
of 1“C in the control, as well as in homogenates prepared without ATP
indicates the enzymic character of this process. The observed dependence
of uracil incorporation on the pH value and on the incubation time
is also typical for enzymic reactions.

The presence of radioactive 2'(3)-UMP and uridine in the products
of hydrolysis of the acid-insoluble fraction suggests that the observed
incorporation of [2-14Cluracil is connected with the biosynthesis of poly-
nucleotides. Although the information so far obtained is inadequate to
elucidate the mechanism of this biosynthetic process, yet it is possible
to draw some tentative conclusions. First, the relatively high radioacti-
vity of uridine formed on hydrolysis of polynucleotides in comparison
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with the activity of 2(3")-UMP indicates that a considerable part of the
incorporated uracil results from the terminal addition. Secondly, the
attention is called to the lack of %C in the uracil derivatives of the
acid-soluble fraction, namely in uridine and uridine mononucleotides.
These observations would indicate that uracil can be incorporated di-
rectly into the respective fraction of polynucleotides with the omission
of uridine and of mononucleotides. In other words, the incorporation of
radioactivity into the nucleic acids occurring under the described expe-
rimental conditions seems to result from direct binding of [2-!*Cluracil
by a polynucleotide acceptor rather than from the polymerization of
mononucleotides.

The possibility of anabolic reactions of uracil in plants was recently
suggested on the basis of experiments in vivo [7]. The results obtained
in vitro support this finding.

The author wishes to express his gratitude to Professor I. Reifer for
valuable suggestions during the course of this work.

SUMMARY

Homogenates of wheat seedlings were incubated with [2-!%Cluracil.
A high rate of incorporation of !C into the acid-insoluble fraction was
observed. On hydrolysis, two radioactive products were identified, na-
mely 2/(3)-UMP and uridine. In the acid-soluble fraction no products
of metabolism of [2-14CJuracil were found. These results suggest a pos-
sible direct path of incorporation of uracil into polynucleotides, with
the omission of the mononucleotide stage.
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WEACZANIE [2-“C]JURACYLU DO POLINUKLEOTYDOW W HOMOGENATACH
KIEEKOW PSZENICY

Streszczenie

Homogenaty kietk6éw pszenicy inkubowano z [2-“Cluracylem. Stwierdzono szyb-
kie wigczanie #C do frakcji kwasonierozpuszczalnej. Po hydrolizie otrzymano dwa
radioaktywne zwigzki: 2(3")-UMP i urydyne. We frakcji kwasorozpuszczalnej nie
znaleziono zadnych produktéw przemian [2-CJuracylu. Wyniki sugeruja mozliwosé
bezposredniego wlgczania uracylu do polinukleotydéw a nie poprzez mononu-
kleotydy.

Received 12 March 1963.
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In an earlier paper [1] we have stated an accumulation of uric acid,
xanthine and guanine in the nephridia of hibernating Helix pomatia.
In spring, when the snails resumed their activity, a great part of these
purine compounds was eliminated but a considerable proportion re-
mained stored in nephridium. During this investigation extending till
July almost the whole of nitrogen substances in nephridium and nephri-
dial excreta consisted of the same purines only with changes in their
mutual proportion. In contrast with the accepted view that Helix pomatia
is uricotelic during hibernation but ureotelic during the feeding period,
our conclusion was that H. pomatia is uricotelic throughout the whole
year.

The present investigation was carried out from August till March
completing the former observation so as to cover the whole year cycle.

Fully grown snails were collected and kept under the same con-
ditions as described previously [1]. The first series of experiments was
made in September and the beginning of October when the snails were
feeding very actively. During the next period, from October 15th to
November 15th, the feeding was quite irregular and in many specimens
the closing of shell by epiphragma was observed. Some of them, howe-
ver, resumed their activity and feeding. Therefore in this series our
material was inhomogeneous. Beginning with the second half of Novem-
ber all through the winter till March the snails remained in shells closed
with solid epiphragma.

The methods applied were the same as in [1]. The total nitrogen
was estimated in isolated nephridia and in nephridial excreta. From
chromatograms the spots of uric acid, guanine, xanthine and of an
unidentified substance were eluted, and the nitrogen content of the three
last compounds was estimated. The uric acid was estimated colorime-
trically and its nitrogen content was calculated. Table 1 presents the
results together with those from the earlier paper. The nitrogen of purine
compounds is also expressed as percentage of total nitrogen. In Table
l a the same results are expressed in umoles and the difference for each
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13] EXCRETION OF N IN H. POMATIA 311

Table 1la

Purines in nephridia and nephridial excreta of the snail Helix pomatia

The values represent the amount of purines in pmoles per 1 nephridium or per
100 mg. of excreta. The average for the whole year and the differences between
the found values and the year’s average (d.y.a.) are also given. The figures for the
periods marked with an asterisk are taken from the previous paper [1]. For
November, December and February, the results for snails in which guanine was
present are included in the set A, and for those without guanine, in the set B

Sum

) Uric acid Xanthine Guanine for xanthine
| Material Period and guanine
{ (months)
| £ 8
1 (mo- |y a.)| BMO= |y y o )| (BMO- (g ¢ o 5] (BMO-14 v 2 )

les) les) les) les)
) Nephridium ‘
! during hiberna- |
! tion | XI-XII A | 157 —87.6| 119 | —35.3| 4 +11.8| 320 |—111.1
; B [162 |—826/178 |+23.7| 0 |—322|340 | —91L1
| I 347 |+102.4| 237 +82.7‘ 0 —32.2| 584 |[+152.9
: 1T A | 352 |(+107.4| 200 +45.7, 67 +34.8| 619 |+187.9
B | 389 |+144.4 145 —93( 0 —32.2| 534 |[+102.9

I end of
| IT- 111 * 559 |+314.4 107 | —47.3| 80 +47.8| 746 |+314.9
| during the feed-

ing period IV-15.VII * | 135 |—109.6| 127 |—27.3| 62 +29.8| 324 |—107.1
IX-X 60 |—184.6/ 110 | —44.3| 35 +2.8| 205 |—226.1
| | X-XI A |163 | —81.6 131 |—23.3| 34 +1.8| 328 |—103.1
i B | 122 |—122.6| 189 +347| 0 —32.2| 311 |[—120.1
|

Year’s aver-

age 244.6 154.3 322 431.1
Excreta
first after hiber-
nation ' * | 389 226 0 615
during the feeding
period IV-15.VII * | 261 176 86 l 523
BG-X 177 285 56 | 518

period from the average for the whole year is calculated. The results
for guanine in November and December, and again in February were
highly variable within the series of experiments. In some snails guanine
was not to be detected at all, in many others the amount of this base
was rather remarkable. We were inclined to refer these findings to the
already mentioned differences in behaviour of snails in the period at the
onset and towards the end of hibernation. Therefore in the Tables the
results were pooled into two sets, A and B, B representing the experi-
ments in which no guanine could be detected. The seasonal fluctuations
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212 M. M. JEZEWSKA, B. GORZKOWSKI and J. HELLER

0

of the content of purine substances in nephridia are graphically presented
in Fig. 1 giving the amount in wmoles throughout the year.

The total nitrogen in nephridium varied markedly throughout the
year exhibiting a minimum towards the end of the feeding period. Soon
afterwards the epiphragma was formed and the excreta could not be
eliminated. This is reflected by a rise of nitrogen compounds in nephri-
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Fig. 1. Changes in the content of purines in nephridia of H, pomatia throughout
the year. (A), Uric acid; (O), xanthine; (@), guanine. The results for November,
December and February are averages of the results for the sets A and B of Table la

dia proceeding gradually till the end of hibernation, the value for the
maximum being three times that for the minimum. After awakening,
the snails deposited the excreta, and the nitrogen content in nephridia
fell down rapidly to a half of the maximum value. Then the decrease
proceeded slowly during the feeding period reaching the minimum in
autumn.

The composition of nephridial excreta remained unchanged through-
out the whole feeding period. In nephridia during the whole year over
90%o of total nitrogen consisted of purine derivatives. During hibernation
uric acid formed the greatest part of total N. The amount of uric
acid increased tenfold over this period, and towards the end of hiber-
nation almost 65% of total N consisted of this compound.
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(5] EXCRETION OF N IN H. POMATIA 313

The rapid augmentation of uric acid towards the end of hibernation
is clearly expressed in Fig. 1. The excreta eliminated just after awakening
contained predominantly uric acid, and that resulted in a rapid decrease
of this compound in nephridia leaving only one third of the maximum
value. During the feeding period the level of uric acid in nephridia
fluctuated but slightly, decreasing slowly during autumn, Just before
the onset of hibernation the uric acid was at its minimum contributing
as little as 25% to total nitrogen. Reciprocally, in the excreta deposited
just after awakening the uric acid constituted as much as 60%% of total N,
and during the feeding period only 30%b.

The percent contribution of xanthine to total N was at its maximum
just before the onset of hibernation when it constituted 47 -58% of
total N. In early stages of hibernation the absolute content of xanthine
rose until January when it reached its maximum but the percent con-
tribution fell at the same time being overtaken by the more rapid rise
of uric acid. At its maximum, the absolute content of xanthine was
twice that at the onset of hibernation. In February and March the level
of xanthine in nephridia was falling, reaching its minimum just before
the snail resumed in spring its activity. At this moment the nitrogen
of xanthine furnished only 12% of total N which is the relative minimum
throughout the year. During the feeding period the level of xanthine
fluctuated but slightly almost parallelly to changes in uric acid.

In excreta, the xanthine nitrogen contributed throughout the feeding
period 30% of the total N. This value rose markedly towards the end
of the active period reaching 51% of total N. After snails’ awakening,
the xanthine made 37% of the excreted nitrogen.

Guanine is the least soluble of the three purine compounds. Its con-
tent diminished gradually during the feeding period and during the
first half of hibernation. In January this base was absent from the ne-
phridia of all snails examined. In November, December and February
the same was true for many of the specimens examined but at the same
time in other specimens the content of guanine was quite conspicuous,
sometimes reaching the same values as during the feeding period. We
have already discussed this bifurcation when speaking about the results
presented in Table 1.

The maximum of guanine was to be found in March simultaneously
with the maximum for uric acid and the minimum for xanthine content.
After snails’ awakening, a gradual fall of guanine content began and
was maintained through the feeding period. Guanine was not observed
in the excreta of snails just after awakening. During the feeding period
this base made about 18% in spring and summer, and about 13% in
autumn, of the total N of the excreta.

In Fig. 1 the curves for xanthine and guanine are somewhat reciprocal
so that in nephridium the sum of both would vary but slightly throughout

http://rcin.org.pl



314 M. M. JEZEWSKA, B. GORZKOWSKI and J. HELLER (6]

the year. In consequence, the great variations in the storage of nitrogen
throughout the year are due mainly to storage or elimination of uric acid.

The unidentified compound absorbing in UV accumulated in nephridia
only during the feeding period, being at its maximum early in spring
(almost 9% of total N). It was absent from excreta deposited after
awakening and made 4.5% and 3.3% of the total N of excreta during
summer and autumn, respectively. It seems to be some constituent of
the ingested food.

Our present investigation substantiated the suggestion that Helix
pomatia is uricotelic throughout the year.

SUMMARY

The nitrogen compounds in nephridia and nephridial excreta of Helix
pomatia were examined throughout the year. It was found that in all
seasons H. pomatia is uricotelic, as over 90% of N-wastes consists of
purine compounds. In spring, the nephridia contain almost equal amounts
of xanthine and uric acid, in autumn xanthine prevails both in nephridia
and in excreta. During the first half of hibernation there is a parallel
rise in xanthine and uric acid, in the second half, uric acid is still rising
but xanthine is diminishing being substituted by guanine.

REFERENCE

111 M. M. Jezewska, B. Gorzkowski & J. Heller - Acta Biochim. Polon. 10, 55, 1963.

ROCZNY CYKL WYDALANIA ZWIAZKOW AZOTOWYCH U HELIX POMATIA

Streszczenie

Przebadano wydalanie zwiazkéw azotowych przez Helix pomatia w ciggu roku.
Stwierdzono, ze przez caly rok $limak winniczek jest urikoteliczny. Ponad 90%0
wydalin azotowych stanowig puryny. Nefridium zerujgcych $limakéw zawiera na
wiosne prawie réwne cze$ci ksantyny i kwasu moczowego, na jesieni przewaza
ksantyna zaré6wno w nefridium jak i w jego wydalinach. W pierwszej polowie
okresu hibernacji wzrost kwasu moczowego i jego prekursora, ksantyny, jest prawie
réwnolegly, natomiast w drugiej polowie ilo§¢ ksantyny zmniejsza sie i nefridium
zawiera gléwnie slabo rozpuszczalne w wodzie puryny, guaning i kwas moczowy.

Received 19 March, 1963.
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W. RZECZYCKI, ALICJA BARDON, M. HILLAR and J. WOJCIECHOWSKI

SIALIC ACID AND OTHER PROTEIN-BOUND CARBOHYDRATES
IN EHRLICH MOUSE ASCITES TUMOUR FLUID *

Department of Biochemistry, Medical School, Gdansk

Ehrlich ascites tumour seems to be a suitable object for studying the
biosynthesis of sialic acid in vitro. Wallach & Eylar [12] in 1961 found
about 11 mg. sialic acid per 100 ml. of packed ascites tumour cells. In the
present work about 80 mg. sialic acid per 100 ml. of ascites fluid was
found.

In various animal species and in various tissues different sialic acid
derivatives are present, e.g. N-acetylneuraminic acid in human serum,
N-glycollylneuraminic acid in hog submaxillary gland, and a mixture
of various sialic acids comprising a great amount of N,0O-diacetylneura-
minic acid in bovine submaxillary gland [5]. The present paper describes
an attempt to determine which derivatives of neuraminic acid are
present in ascites fluid. Also the amount of protein-bound carbohydrates
was assayed in ascites fluid and in blood sera of normal and of tumour-
-bearing mice.

METHODS

Ehrlich ascites tumour cells were obtained from the Department of
Pathological Anatomy of the Medical School in Gdansk. Ten days after
intraperitoneal inoculation of white mice with Ehrlich ascites tumour
cells, the ascites fluid was withdrawn from the peritoneal cavity. The
fluid from individual mice was centrifuged; the supernatants were com-
bined, and used for further experiments.

The serum was obtained from pooled blood of 15 decapitated normal
mice and from pooled blood of 15 tumour-bearing mice decapitated
10 days after the inoculation.

Sialic acid was determined by the method of Svennerholm [11] using
as a standard N-glycollylneuraminic acid kindly given by Professor
G. Blix. The sialic acid-protein complex was hydrolysed by the method
of Martensson et al. [9]. The protein was precipitated with ethanol
from 100 ml. of cell-free ascites fluid and hydrolysed twice with

* This study was partially supported by a grant from the Committee of Bio-
chemistry and Biophysics of the Polish Academy of Sciences.
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316 W. RZECZYCKI and OTHERS (21

0.03 n-sulphuric acid for 1 hr. at 80°. From the combined hydrolysates
sulphuric acid was removed with barium hydroxide and the clear solu-
tion was freeze-dried. The obtained material was dissolved in 3 ml. of
water and placed on several sheets (15 X 45 cm.) of Whatman no. 1 paper.
The chromatography was carried out in n-butanol - pyridine - water
(6:4:3, by vol.) with the descending technique [2]. From the central part
of each sheet, a strip 1 cm. wide, parallel to the direction of solvent
migration was cut out, the spots were localized with orcinol in trichloro-
acetic acid [3], and compared with the spot of standard N-glycollylneura-
minic acid. The areas corresponding to the most intensive spot were cut
out from the non-stained chromatograms and eluted with water; the
combined eluates were filtered through a hard, washed with water, filter
paper, and freeze-dried. In this material dissolved in 10 ml. of water, the
sialic acid [11], O-acyl [8] and N-glycollyl [6] residues were determined.

In the protein precipitated with ethanol, hexose was determined with
orcinol [13], hexosamine by the Elson-Morgan method after Blix [1] and
fucose with the cysteine reagent [13]. The amount of protein was deter-
mined by the biuret method [7].

RESULTS

The protein-bound sialic acids present in ascites fluid were separated
on chromatography into 3 spots (Fig. 1). The first spot with a mobility
of standard N-glycollylneuraminic acid constituted the main component,
whereas two other spots formed a much smaller fraction. The compound

x 5 X |Start

0
0
!

Fig. 1. Paper chromatography of sialic acid sepa-
rated from Ehrlich ascites fluid protein. Descending
technique in n-butanol - pyridine - water (6:4:3,
by vol.). (a), Standard N-glycollylneuraminic acid;
(b), mixture of sialic acids from ascites with
N-glycollylneuraminic acid; (c), sialic acids from
a b ¢ ascites.

[ cmam (R = 1

{ e P meme

corresponding to the first spot was eluted from chromatograms with
water. In the eluate, per 1 mole sialic acid nearly 1 mole of N-glycollyl
residues was found, and no O-acyl residues could be detected (Table 1).

http://rcin.org.pl



13 SIALIC ACID IN ASCITES FLUID 317

Table 1
N-Glycollyl and O-acyl residues of sialic acid isolated from Ehrlich
ascites fluid protein

Sialic acid eluted from the chromatogram (spot.1 in Fig. 1) was tested for
N-glycollyl and O-acyl residues

‘ Expt. ‘N-Glycollyl residue |  O-Acyl residue

no. (mole per mole sialic acid)

g ] 0.81 ‘ 0.0 E
it 0.73 0.0 \
2 ‘ 0.90 0.0 l
Wi T 0.81 0.0 ?
i Mean ‘

] value 0.81 +0.11 0.0

| Lsm|

The above data indicate that in Ehrlich ascites tumour fluid the main
protein-bound neuraminic acid derivative is N-glycollylneuraminic acid.

In Table 2 are presented the results of determinations of protein-
-bound carbohydrate components, and of sialic acid, in mouse ascites
fluid. It should be noted that the standard deviation for the determina-
tions of carbohydrate per gram of protein was very small. The average
amount of sialic acid, 85 mg. per 100 ml. ascites fluid, was much higher
than that in tumour cells which was found by Wallach & Eylar [12]
to be 11 mg. per 100 ml. cells.

In Table 3 the amounts of individual carbohydrate components in
ascites fluid are compared with those for the serum of normal and

Table 2

Protein-bound carbohydrate components in Ehrlich ascites tumour fluid
} Expt. Protein | Hexose | HeXos- | Sialic | o e Hexos- Sialic
| 50 amine acid amine acid
' (g./100ml.) (mg./100 ml.) (mg./g. protein)
|
| 1 2.5 82 71 81 33 28 32
‘ 2 24 79 253 82 32 22 33
i 3 2.7 97 72 103 39 26 38

4 2.7 89 80 93 33 29 34
} 5 27 84 63 80 31 23 30
{ 6 23 82 60 80 35 26 35
| 7 24 84 58 80 35 26 35

Mean values
+ S. D. 2.5+0.06 | 85.24+-2.2| 65.24+-3.5 | 85.54-3.4 | 34.04-1.0 |25.74+-0.89| 33.8-+-0.9
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318 W. RZECZYCKI and OTHERS [4]

Table 3

Protein-bound carbohydrate components in sera of normal and
tumour-bearing mice and in Ehrlich ascites fluid

Material ’ Protein Hexose Hexosamine ‘ Sialic acid Fucose
| (2/100 ml) | (mg./100 ml.)
Serum of normal | | .
mouse | 7.0 114 95 130 4.8
Serum of tumour- ‘ ‘
-bearing mouse | 7.0 160 150 120 4.4
Ascites fluid ’ 25 0| 85 e 85 =
’ (mg./g. protein)
Serum of normal mouse| 16.3 \ 14 18 0.7
Serum of tumour- l
bearing mouse | 23 21 17 0.6
Ascites fluid | 34 26 | 34 —_

tumour-bearing mice. In the protein of the tumour-bearing mouse
serum, the content of hexose and hexosamine was higher than in the
serum of normal mice, whereas the amounts of sialic acid and fucose
were not changed. In the protein of ascites fluid about twice as much
carbohydrates was found as in the serum of normal mice. The amount of
sialic acid per 1 g. protein was twice as high in ascites fluid as in the
serum of normal or tumour-bearing mice.

The amounts of fucose in ascites fluid were much smaller than in
the serum and could not be determined with the cysteine reagent.

DISCUSSION

In mouse ascites fluid, three sialic acid derivatives were found by
paper chromatography. The main one is probably N-glycollylneuraminic
acid. Although this compound was not obtained in pure crystallized
form, the Ry value, and the analysis of N-glycollyl and O-acyl groups
strongly support this suggestion. The two other sialic acids could be
O-acetyl derivatives (spots 2 and 3 in Fig. 1). They were not identified
but there is a marked similarity between our chromatogram and that
of Blix [2] obtained with O-acetyl derivatives.

Higher content of sialic acid in ascites fluid protein than in the
protein of normal and tumour-bearing mouse serum, can be explained
by the assumption that the proteins containing acid polysaccharides are
produced by tumour cells or by the peritoneal membrane, and cannot
pass into the blood. Other glycoproteins synthesized by tumour cells
or by the peritoneal membrane may penetrate into the blood causing
the increase of hexose and hexosamine contents in the serum of tumour-
-bearing mice.

http://rcin.org.pl



[5] SIALIC ACID IN ASCITES FLUID 319

On the other hand, it cannot be excluded that in tumour-bearing
mouse the increase of protein-bound hexose and hexosamine first
occurs in the serum, from which these compounds would pass to the
peritoneal cavity. The greater amount of sialic acid in the ascites fluid
than in the serum could be accounted for by active accumulation against
the concentration gradient.

The high rate of protein synthesis in Ehrlich ascites tumour cells
was demonstrated by Le Page [10]. He found that the incorporation of
[2-1“C]glycine by these cells was 50 times greater than by mouse liver
cells. Christensen & Riggs [4] showed in vitro an assimilation of amino
acids from the medium. Glycine gradients of 60 mm per liter were
observed between the cells and the suspending fluids.

SUMMARY

.

N-Glycollylneuraminic acid was found to be the main component
of the sialic acids in the protein of Ehrlich mouse ascites fluid. In the
serum of the tumour-bearing mouse an increase of protein-bound
hexose and hexosamine in relation to normal mouse serum was observed;
however, no differences in sialic acid content in the sera were found.
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320 W. RZECZYCKI and OTHERS [6]

KWAS SJALOWY ORAZ INNE KOMPONENTY WEGLOWODANOWE W PLYNIE
ASCITES EHRLICHA U MYSZY

Streszczenie

Stwierdzono, ze kwas N-glikoliloneuraminowy stanowi giéwng komponente
kwaséw sjalowych bialek otrzewnowego plynu nowotworowego myszek z guzem
Ehrlicha. Poréwnano zawarto§é skladnikéw weglowodanowych bialek plynu
otrzewnowego i surowicy myszek zdrowych i nowotworowych. Zawarto$¢ heksozy
i heksozaminy w surowicy myszek nowotworowych byla wyzsza okolo pét raza,
a w plynie otrzewnowym okolo dwa razy w przeliczeniu na 1g bialka w poréw-
naniu z ich zawarto§cia w surowicy myszek zdrowych. Poziom kwasu sjalowego
w przeliczeniu na 1g biatka w surowicy myszek zdrowych i nowotworowych byt
jednakowy, lecz dwukrotnie nizszy niz w plynie otrzewnowym.

Received 25 March 1963.
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RECENZJE KSIAZEK

Christopher Carruthers: BIOCHEMISTRY OF SKIN IN HEALTH
AND DISEASE. Charles C. Thomas Publ., Springfield, Illinois, U.S.A. 1962. Str. 263,
rys. 41, tabl. 130.

Omawiana ksigzka jest kolejng pozycjg serii “American Lectures in Living
Chemistry” pod redakcjg I. M. Kugelmassa, ktory jq poprzedzil wstepem. Ksigzka
podzielona jest na 9 rozdzialow. W pierwszym z nich Autor podaje, gléwnie na
podstawie prac C. C. Selby (1955), G. F. Odlanda (1958) oraz M. S. C. Birbecka
i E. H, Mercera (1957), szczeg6ly ultrastruktury skory ujawnione przez mikroskopig
elektronowg. W drugim rozdziale Autor omawia krotko bialka skoéry oraz proces
keratynizacji, przyjmujgc teorie Flescha, wedle ktérej keratynizacja przebiega
w dwoéch etapach: w pierwszym tworzy si¢ widknisty bialkowy prekursor zawiera-
jacy najwyzej §lady siarki, w drugim etapie ten prekursor 1gczy si¢ z biatkami
bogatymi w siarke lub produktami rozpadu takich bialek wytwarzajac keratyne.
Trzeci rozdzial po$wieca Autor pigmentacji, omawiajgc melanogeneze i wplyw
promieni pozafiolkowych. W czwartym rozdziale zbiera dane dotyczace rodzaju
i zawarto$§ci substancji tluszczowych. Rozdzial piaty poswigcony jest enzymom
wystepujgeym w skorze. W rozdziale szostym omoéwiono skoére jako magazyn wody
oraz chlorku i innych skladnikéw mineralnych, oraz przedstawiono dane dotyczgce
pH i potu. W rozdziale sidmym Autor omawia tkanke lgczng, poswigcajac osobny
ustep zagadnieniu gojenia ran. Rozdzial 6smy zajmuje si¢ wlosami. Ostatni, dzie-
wigty, rozdzial po§wiecony jest chorobom skéry. Autor omawia najpierw zmiany
zachodzgce przy luszezycy, nastepnie dyskutuje ogélnie zaburzenia metabolizmu
w roznych chorobach skérnych, a dalej zmiany zachodzace w skladzie surowicy
krwi w poszczeg6lnych chorobach.

Kazdy rozdzial konczy sie¢ zestawieniem literatury (do 1961 r.) zawierajgcym
kilkadziesigt pozycji; stanowig one cenne zrédlo informacji. Rozdzialy o ultra-
strukturze, tluszczach, enzymach, o wodzie itd. oraz rozdzial o chorobach skory
dotyczq gléwnie skoéry ludzkiej, natomiast cztery pozostale rozdzialy opierajg sig
na znacznie szerszej podstawie i cze$ciowo na pracach eksperymentalnych wyko-
nanych na zwierzetach.

Wklad Autora w opracowanie i przedstawienie danych zebranych z pi$mien-
nictwa nie jest rOwnomierny. Recenzent z przyjemno$cig przeczytal doskonale
opracowany i uporzadkowany rozdzial o melanogenezie, natomiast rozdzial o enzy-
mach skoéry, ktéorymi Autor sam eksperymentalnie sie zajmuje, zredagowany jest
znacznie slabiej. W sumie ksigzke czyta si¢ z przyjemnos$cig; stanowi ona cenny
zbioér informacji dla dermatologéw i biologéw, ktérzy badaja procesy biochemiczne
i biofizyczne zwigzane ze skoérg. Z zainteresowaniem przeczyta te ksigzke kazdy
biolog zyskujac wlasciwy poglad na ten organ, ktéry w pod$§wiadomosci wielu
biologobw rysuje si¢ jeszcze jako bierna powloka odgraniczajgca ustréj od $wiata
zewnetrznego. Do tych ostatnich czytelnikéw skierowana jest przedmowa redak-
tora serii monografii. Przypomina on, ze kazdy cm? skéry zawiera 3000000 komo-
rek, 15 gruczoléw lojowych, 10 wloskéw, okolo 1 metra biezgcego naczyn krwio-
no$nych, 100 gruczoléw potowych, 300 receptoréw czuciowych z 4 metrami nerwéw,
w tym 25 receptoréw reagujacych na ci$nienie mechaniczne, 200 generujacych
uczucie bélu, 12 wrazliwych na cieplo, 2 na zimno. Nawet najbardziej zewnetrzna
warstewka grubo$ci 0.03 mm, ktérg kiedy§ uwazano za martwg, wykazuje fizyko-
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chemiczne uklady wspéldzialajace w mechanizmach utrzymania temperatury ciala,
pH powierzchni, obrony przed bakteriami i grzybkami, w transporcie wody i in.
Skére mozna wiec uwazaé za zlozony gruczol wydzielajacy keratyne, melanine,
sebum, pot, heparyn¢ i histamine. Zastuguje ona niewatpliwie na wigksze zaintere-
sowanie biologéw.

Jézef Heller

Hess B.: ENZYME IM BLUTPLASMA. (Biochemie und Klinik — Monogra-
phien in zwangloser Folge. Herausgeber: G. Weitzel, Tiibingen; N. Zoéllner,
Miinchen). Georg Thieme Verlag. Stuttgart. 1962: 142 str., DM 29,90.

Zwigzle monograficzne opracowanie doc. dr Hessa pt. Enzymy w Osoczu Krwi
nalezy do zamierzonej serii wydawnictw pod ogélnym tytulem Biochemia i Klinika.
Seria ta, wedlug jej wydawcoéw, ma na celu krytyczne przedstawienie tych dzia-
16w biochemii, ktére majg znaczenie dla medycyny wewnetrznej. Ksigzka zostala
podzielona na dwie cze$ci, biochemiczng i kliniczng. Pierwsza cze$¢, stanowigca
prawie polowe objetosci, zawiera wyczerpujacy opis rodzajow i wlasnosci enzymow
krwi, a takze podaje nowoczesne zapatrywania na pochodzenie enzymow
krwi, ich synteze i eliminacje wzglednie rozpad. Przy opisie enzymoéw autor powo-
luje sie na terminologie i klasyfikacje zaakceptowang przez Miedzynarodowa Unie
Biochemiczng, mimo to uzywa w wielu przypadkach dawnych nazw, chociaz
zostaly one zdyskwalifikowane (np. DPN zamiast NAD, enolaza zamiast hydra-
taza fosfopirogronianowa, transaminaza glutaminowo-szczawiowooctowa zamiast
aminotransferaza asparaginianowa itd.). Chociaz dotychczasowe nazwy nie moga
byé jeszcze zupelnie pominigte, nowe jednak powinny by¢ stosowane coraz szerzej.
Zagadnienie izoenzyméw zostalo przez autora obszernie i krytycznie przedstawione
i to zaré6wno z punktu widzenia teoretycznego jak i praktycznego. Opierajgc sig
glownie na wynikach szkoly Biichera autor przedstawil nowoczesne poglady na
znaczenie wzajemnego iloSciowego stosunku enzyméw w réznych tkankach,
uwzglednit przy tym znaczenie filogenezy dla ,zestaw6w* enzymoéw. Biochemiczna
cze$¢ zawiera na koncu opis stanu dzisiejszej wiedzy na temat korelacji miedzy
aktywnos$ciami charakterystycznymi dla poszczegélnych rodzajow enzymoOw w su-
rowicy i stopniem zmian patologicznych. Cz¢§¢ kliniczna ksigzki zostala usystema-
tyzowana wedlug podzialu klinicznego, przy czym najwiecej miejsca poswigcono
chorobom serca, watroby i trzustki. Omoéwiono przy tym oddzielnie patogeneze¢
i diagnostyke schorzen tych organéw. Sposob przedstawienia umozliwia czytelni-
kowi ocene stopnia wazno$ci wynikow oznaczania aktywnosci enzymatycznych
poszczegblnych enzyméw. Autor poréwnal takze wyniki oznaczen aktywnosci
enzymowej z wynikami réznych prob diagnostycznych. Z innych chorob poswie-
cono wiecej miejsca sprawom nowotworowym. Ksigzke zamyka rozdzial, w kto6-
rym podano jasno i krotko podstawowe definicje enzymologii ogélnej. Dla jedno-
stki enzymatycznej przyjeto zalecenia Komisji Enzymowej Migdzynarodowej Unii
Biochemicznej. Cenna jest tabela umozliwiajgca przeliczanie dotychczasowych
r6éznych jednostek na jednolity sposéb przyjety na terenie miedzynarodowym.
Literatura przedmiotu obejmuje prawie sze$¢set pozycji. Szkoda, ze nie zastoso-
wano przy tym klucza alfabetycznego.

Ksigzke mozna polecié wszystkim, ktérzy interesujq si¢ zagadnieniami enzy-
mologii klinicznej.

Tadeusz Korzybski
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