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LIDIA PUZYNSKA*

TRANSAMINATION OF AROMATIC AMINO ACIDS IN RAT LIVER
AND BRAIN

Department of Biochemistry, Medical School, ul. Banacha I, Warszawa 22, Poland

Separation of the activities towards tyrosine, phenylalanine and tryptophan in rat
liver mitochondria and rat liver and brain 30 000 g supernatants, was not achieved.
However, the presented indirect evidence suggests that distinct enzymic activities might
bz involved. On purification of the enzyme, the activity ratio towards particular
amino acids changed. Different activity ratios towards individual aromatic amino
acids were also observed in the subcellular liver fractions and in brain supsrnatant.
Distinct differences were found in the enzyme-coenzyme binding in respsct to in-
dividual transamination activities and to their subcellular localization in liver mito-
chondria and in liver and brain supsrnatants.

So far, neither specificity of the transamination system of aromatic amino acids
has been definitively elucidated, nor distribution of this enzymic activity in sub-
cellular fractions has been unequivocally established. Canellakis & Cohen (1956),
Jacoby & La Du (1964) and George & Gabay (1968) believe that transamination
of aromatic amino acids is catalysed by a single enzyme showing broad substrate
specificity. On the other hand, Kenney (1959) and Fonnum, Haavaldsen & Tangen
(1964) postulate that distinct enzymes are involved in transamination of different
aromatic amino acids. Kenney (1962) and Litwack, Sears & Diamondstone (1963),
on the basis of experiments on raf liver concluded that tyrosine aminotransferase
is located mainly in the soluble fraction of the cell, whereas Fellman, Vanbellinghen,
Jones & Koler (1969) reported that the activity of this enzyme in mitochondria
was about twice as high as in the supernatant fraction.

It is important to gain better insight into functioning of transamination system
of aromatic amino acids because of its role in metabolism and hormonal control
exerted upon this process in mammals.

In the present work, transamination of tyrosine, phenylalanine, 3,4-dihydro-
xyphenylalanine (DOPA) and tryptophan has been examined in rat liver mito-

* Present address: Institute of Food and Human Nutrition, ul. Powsiniska 61/63, Warszawa 34,

Poland. ) b
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06 L. PUZYNSKA 1972

chondria and in the 30 000 g supernatant of rat liver and brain. An attempt was
made to separate the enzymic activities catalysing transamination of particular
amino acids. Interaction of aminotransferases with coenzyme, as well as the effect
of parenteral administration of amino acids, were also studied.

A preliminary report of this work has been presented (Puzynska & Mochnacka,

1968).
MATERIALS AND METHODS

Material. White male rats weighing about 140 - 160 g, kept on a standard diet,
were used. They were fasted overnight and killed by decapitation, and brain and
liver were isolated. All further steps of the procedure were carried out in the cold
room at 4°C, and centrifugations were performed at 4°C in a cooled MSE centrifuge
with a Super Speed rotor.

The tissue was homogenized in a Potter-type homogenizer with a polyacrylamide
pestle at 600 rev./min in 4 volumes of 0.14 M-KCl, then centrifuged for 40 min at
30 000 g. The sediment was discarded and the supernatant used for the assays of
enzymic activities.

Mitochondria were isolated from the 109, liver homogenate in 0.25 M-sucrose
according to Schneider (1948): the 600 g supernatant was centrifuged at 10 000 g
for 15 min, and the mitochondrial pellet was washed three times with 3 volumes of
0.25 M-sucrose. The mitochondrial fraction corresponding to 1g of tissue was
suspended in 1 ml of 50 mm-Na,K-phosphate buffer, pH 8, gently homogenized
by hand, frozen at -15°C, and on the next day used for activity determinations.

Aminotransferase determination. The activity was assayed by the enol-borate
tautomerase method according to Lin, Pitt, Civen & Knox (1958). The incubation
mixture (2 ml) contained: 0.1 pmol of pyridoxal phosphate (PLP): enzyme source,
1 - 10 mg of protein; one of the following amino acids: L-tyrosine or 3,4-dihydroxy-
phenylalanine (DOPA), 6 pmol; L-tryptophan, 60 pmol; L-phenylalanine, 50 pmol;
and Na,K-phosphate buffer, pH 8, at a final concentration of 0.2 M. After 5 min
of preincubation, the reaction was started by addition of 40 pumol of a-oxoglutarate.
a-Oxoglutarate at this concentration (20 mm) had no inhibitory effect, at variance
with the results of Canellakis & Cohen (1956) and Tangen, Fonnum & Haavaldsen
(1965). The incubation was carried out at 37°C, the mixture was then deproteinized
with 0.5 ml of 20% metaphosphoric acid, and the respective enol-borate tautomers
of the aromatic a-oxoacid formed were determined spectrophotometrically.

The extinction was read at the wavelengths given by Jacoby & La Du (1964):
for p-hydroxyphenylpyruvate at 310 nm, ¢=12 400; for phenylpyruvate at 300 nm,
£=9150; for indolepyruvate at 332 nm, £¢=12700; and for 3,4-dihydroxyphenyl-
pyruvate at 340 nm, &¢=7700.

The control samples in the assay of tyrosine and phenylalanine transamination
contained no amino acid, and those in the assay of tryptophan transamination,
were devoid of a-oxoglutarate. In the blank samples, a-oxoglutarate was added after
deproteinization.

For determination of aminotransferase activity towards tyrosine, the method
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Vol. 19 TRANSAMINATION OF AROMATIC AMINO ACIDS 97

of Diamondstone (1966) was also employed. The results of activity measurements
obtained by this method were practically the same as those obtained by the enol-
borate tautomerase method. However, the method of Diamondstone is twice as
sensitive, and therefore it was used for the assay of the activity in brain, where the
tyrosine transamination reaction is very low. Moreover, this method was used for
the assays carried out in the presence of very large concentration of PLP (500 pm)
as this compound interferes at higher concentrations with determinations by the
tautomerase method (Belzecka, Laskowska & Mochnacka, 1962; Hayashi, Gran-
ner & Tomkins, 1967).

In the method of Diamondstone, the standard incubation mixture contained in
3.2 ml of 0.2 m-Na,K-phosphate buffer, pH 8, 19.2 pumol of L-tyrosine, 0.16 pmol
of PLP and 0.2 - 1.5 mg of protein. After 5 min, 32 pmol of a-oxoglutarate was
added and the mixture was incubated at 37°C. When a fresh enzymic preparation
was used, 0.2ml of aqueous solution of 0.06 M-diethyldithiocarbamate (DDC)
was added to the incubation mixture to inhibit the enzymic degradation of p-hydroxy-
phenylpyruvate. DDC was not added when the enzymic preparation had been
stored frozen for a period longer than 36 h, as the enzymes catalysing this degradation
are known to lose their activity within that period (Litwack, 1957): nor was DDC
added in the assays by the enol-borate tautomerase method.

The reaction was stopped after 15-30 min by adding 0.2 ml of 10 N-NaOH,
with vigorous stirring, and after 30 min at room temperature the extinction of
p-hydroxybenzaldehyde (¢=19 000) was read at 331 nm against a blank sample
prepared by adding NaOH to the incubation mixture prior to the addition of a-
oxoglutarate.

In the assays by both methods the amount of protein and the time of incubation
were chosen in such a way as to assure a linear reaction rate. The activities are
expressed in nmol/min/mg protein.

Administration of amino acids, pyridoxine and hydrazine. The compounds to be
administered were dissolved in physiological saline, neutralized if necessary, and
injected intraperitoneally. A 7Y% solution of the appropriate amino acid was injected
in a single dose corresponding to 0.7 mmol per 100 g body weight. Pyridoxine
hydrochloride, 30, 100 or 200 mg per 100 g, was applied in one or two doses. The
amount of applied hydrazine dihydrochloride was 30 mg per 100 g body weight.

At different time intervals after the injections, up to 4 h, the animals were killed
and the activity of aminotransferases of aromaticamino acids was assayed. The control
animals were injected with physiological saline. It was found in preliminary ex-
periments that administration of saline did not affect the studied enzymic activities.
Also after the injection the animals received no food.

Protein was determined by the tannin micromethod of Mejbaum-Katzenellenbogen-
(1955). In the course of purification of the enzymes, protein was determined also
by the spectrophotometric method of Warburg & Christian (1941).

Reagents. a-Oxoglutaric acid (Politechnika Slaska, Gliwice, Poland); sodium
pyruvate, L-glutamic acid, and hydrazine dihydrochloride (Xenon, £6dz, Poland);
pyridoxine hydrochloride (Krakowskie Zaklady Farmaceutyczne, Krakéw, Poland);
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98 L. PUZYNSKA 1972

L-tyrosine, f-alanine, diethyldithiocarbamate, glutathione (reduced), sodium dodecyl
sulphate, and cethyl trimethyl ammonium bromide (British Drug Houses, Poole,
Dorset, England); pyridoxal phosphate and pr-serine (Fluka A. G., Buchs,
Switzerland); L-phenylalanine (Carlo Erba, Milano, Italy); 3,4-dihydroxyphenyl-
alanine, p-hydroxyphenylpyruvic acid, 2-mercaptoethanol, sodium deoxycholate
(Koch-Light Lab., Colnbrook, Bucks., England); L-cysteine (Schuchardt, Munich,
G.F.R.): L-tryptophan and vr-aspartic acid (Reanal, Budapest, Hungary); DL-a-
alanine and L-histidine (Chemapol, Prague, Czechoslovakia); Triton X-100 (Rohm &
Haas, Philadelphia, Pa., U.S.A.); Sephadex G-100 (Pharmacia, Uppsala, Sweden):
Ecteola-cellulose, ET 11 Whatman column chromedia (Balston, Maidstone, Kent,
England). Hydroxyapatite was prepared as described by Levin (1962).

RESULTS

Distribution of activity, pH optima and K,, values

The aminotransferase activities towards particular aromatic amino acids varied
in the subcellular fractions of rat liver (Table 1). In the 30 000 g supernatant the
activity, calculated per 1 mg of protein, was the highest towards tyrosine and much
lower towards phenylalanine, whereas in the mitochondrial fraction transamination
of phenylalanine was three times higher than that of tyrosine. Transamination of
tryptophan and DOPA was higher in the mitochondrial fraction than in the super-
natant. However, the sum of transamination activity was in these two fractions

practically the same.

Table 1

Transamination activity in the 30000 g supernatant and mitochondrial fraction of
liver, and 30 000 g supernatant of ‘rat brain

Aminotransferase activity was determined by the enol-borate tautomerase method as described
in Methods. The results are mean values of 5 - 8 experiments with liver, and 10 experiments with
brain, limit values being given in parentheses.

Transamination activity
(nmol/mg protein/min)
Bubsts Liver ' Brain
Supernatant | Mitochondria Supernatant
L-Tyrosine (3 mMm) 22.0 ‘ 5.6 0.7*
1 - (18.0 - 27.0) (5.0-6.5) (0.5-0.9)
L-Phenylalanine (25 mm) 3.1 15.0 0.9
(2.5-4.0) (14.0- 16.0) 0.7-1.2)
L-Tryptophan (30 mm) 1.8 8.0 0.8
| (1.3-2.4) (7.0-10.0) (0.7-1.0)
L-DOPA (3 mwm) j 1.4 3.2 —
(1.2-1.5) (2.7-3.6)

* Determination by the method of Diamondstone (1966) in the presence of 6 mMm-tyrosine
and 10 mm-@-oxoglutarate.
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Vol. 19 TRANSAMINATION OF AROMATIC AMINO ACIDS 99

In rat brain supernatant, the transamination activity was much lower than that
observed with liver and it was the same with all three aromatic amino acids.

The stability of the studied enzymic activities was rather high; the liver
preparations on storage at -15°C retained full activity for two weeks. Neither was
the activity in liver and brain supernatants decreased by three or four freezing-and-
thawing cycles.

A broad pH optimum at 7.6-8.3 was observed in the liver mitochondrial pre-
paration with all three studied aminotransferase activities (Fig. 1).

40r-

Activity
8 8
o 4

-
S
T

i

1 1 1 1
6 7 8 9
PH

Fig. 1. Effect of pH on aminotransferase activity towards: @, phenylalanine; O, tryptophan,

and A, tyrosine, in rat liver mitochondria. The activity was determined by the enol-borate tauto-

merase method as described in Methods, and expressed in nmol/min/sample. Protein, 2.5 mg/sample.

In the pH range 6.0 - 8.3, 0.2 m-Na,K-phosphate buffer was used, and for pH 7.5 - 9.0, 0.2 m-tris-HCI
buffer.

Table 2

Michaelis constants for transeminaticn of tyrosine, phenylalanine and tryptophan
in liver supernatant and mitochondria and brain supernatant

The activity was determined by the enol-borate tautomerase method, with 20 mm-a-oxoglutarate.

K (mn) '

Substrate fh Liver i Brain
. Supernatant l Mitochondria | Supernatant |
[ |
L-Tyrosine 13 | 2.0 | 3-5*% |
L-Phenylalanine ‘ 60 - 82 ! 60 - 80 ' 50 - 71 !
L-Tryptophan 33 { 30 | 33 ¥

* Determined by the method of Diamondstone (1966).

K,, values calculated from the Lineweaver-Burk plots are presented in Table 2.
The affinity towards three amino acids was different; the lowest K, values were
found for tyrosine, about 2 mM, fifteen times higher values for tryptophan, and
forty times higher for phenylalanine, but there was practically no difference in the
affinity towards a given substrate in the mitochondrial and supernatant liver pre-
parations and brain supernatant.
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Vol. 19 TRANSAMINATION OF AROMATIC AMINO ACIDS 101

Purification studies

The procedure of purification of liver mitochondrial enzyme is summarized in
Table 3. The aminotransferase activity was tightly bound to the mitochondrial
membrane: freezing of the mitochondrial suspension at -15°C for 12 h resulted in
a release into the 10 000 g or 80 000 g supernatant of about a half only of the total
activity. Treatment with a number of detergents or sonication did not lead to better
solubilization. The best results were obtained by four cycles of freezing in an ethanol-
solid CO, mixture and thawing.

Further stages of purification were carried out in cold room at 4°C, in the
presence of 1 mM-EDTA and | mm-2-mercaptoethanol.

The 80000 ¢ supernatant of the disintegrated mitochondria was fractionated
with ammonium sulphate at pH 8. All three activities were found in the protein
fraction precipitating at 0.4-0.75 ammonium sulphate saturation. This protein
fraction was dissolved in 1 mM-EDTA -1 mMm-2-mercaptoethanol - 5 mm-Na,K-
phosphate buffer, pH 8, which contained 10 mM-a-oxoglutarate. The mixture was
heated for 3 min at 55°C and cooled rapidly. The precipitated protein was centrifuged
off, and the supernatant dialysed against 800 volumes of EDTA - mercaptoethanol
- 5 mM-Na,K-phosphate buffer, pH 8, for 18 h. Then 4 ml of the solution (92 mg
of protein) was submitted to chromatography on Ecteola-cellulose column (Fig. 2).

30

- 1200
10 I = 1000 E
<
= S
£ o8t Hs00 £
S S
(S IS
= s
;% 06+ -1 600 _g,
S >
£ 0 400 E

14 - - =
\\
02 N - 200
B
1 1 1 1 ! T M”"
0 48 16 24 32 40 48 56 64 72 80 88 .96
. Eluate (ml)

Fig. 2. Chromatography on Ecteola-cellulose column of liver mitochondria proteins precipitated

at 0.4 - 0.75 ammonium sulphate saturation. To the column (2 %25 cm) equilibrated with 5 mm-

Na,K-phosphate buffer, pH 8, 92 mg of protein was applied and eluted with the same buffer,

fractions of 4 ml being collected. Protein (-- A --) was determined spectrophotometrically, and

the aminotransferase activity towards @, phenylalanine; O, tryptophan and A, tyrosine, by the
enol-borate tautomerase method.
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102 L. PUZYNSKA 1972

Two protein peaks were obtained, of which the first one contained the amino-
transferase activity towards all three substrates. The active fractions of the eluate
(20 - 32 ml) were pooled and ammonium sulphate was added to 0.75 saturation.
The precipitated protein was dissolved in 3 ml of EDTA - mercaptoethanol - 50 mMm-
-Na,K-phosphate buffer, pH 8, and passed through a Sephadex G-100 column
(Fig. 3). The applied procedure gave a 23-fold purification of the activity towards

14+
12} 1200
10+ {1000
X 0 0005
£ s
(=)
E o8} 800 =
& S
kS &
S =
Sost - 600 £
2
04 + - 400
02} 4 200
R v . e, A [/

0 3 6 9 12 15 18 21 24 27 30 33 36 39
Eluate (ml)

Fig. 3. Sephadex G-100 gel filtration of the active peak from Ecteola-cellulose chromatography
(see Fig. 2). To the column (1.5 %20 cm), 16 mg of protein was applied and eluted with 50 mm-Na,
K-phosphate buffer, pH 8.0, fractions of 3 ml being collected. Other details as in Fig. 2.

tyrosine, 35-fold towards phenylalanine and 45-fold towards tryptophan, the
corresponding yields being 5, 8 and 109,. The three studied activities were not
separated by the applied procedure, nor were they separated on a column of
hydroxyapatite.

Interaction with coenzyme

In expzriments in vitro it has been found (Table 4) that in the supernatant from
rat liver the aminotransferase system was not saturated with coenzyme. Addition
of PLP to a concentration of 50 puM in the reaction mixture, led to a fourfold increase
of the enzyme activity towards tyrosine and threefold towards phenylalanine and
tryptophan. On the other hand, in liver mitochondria (both fresh and frozen) or
brain supernatant, the addition of PLP, even at a concentration of 500 pM, had no
effect (in the latter case the determinations were made by the method of Diamondstone
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Vol. 19 TRANSAMINATION OF AROMATIC AMINO ACIDS 103

in view of the high concentration of PLP). This indicates that the aminotransferases
of liver mitochondria and brain supernatant were saturated with coenzyme.

To remove PLP from the enzyme in vitro, the procedure used by Klein & Sagers
(1966) for studying the glycine decarboxylation system, was applied; it consists
in incubating the enzyme preparation with cysteine and prolonged dialysis. In
liver supernatant, this treatment caused a considerable decrease in enzyme activity
towards tyrosine but had no effect on transamination of phenylalanine or tryptophan.
The addition of PLP enhanced the activity, especially towards tyrosine, but it did
not lead to values as high as those obtained before treatment with cysteine.

When brain supernatant was treated with cysteine and dialysed, dissociation of
coenzyme from the enzymic protein was not observed; this suggests very tight
binding of coenzyme by the brain enzyme(s).

To remove the coenzyme in vivo, rats were injected intraperitoneally with
hydrazine (Killam & Bain, 1957). Hydrazine, 30 mg/100 g, after 70 min lowered
the activity in liver supernatant and mitochondria but did not affect the activity
in brain supernatant (Table 4).

The effect of hydrazine administration may indicate that, although both in brain
supernatant and in liver mitochondria the enzymes are saturated with coenzyme,
the bond with PLP in the mitochondria is more labile. This assumption was
supported by the fact that severalfold freezing and thawing of the liver mitochondrial
fraction led to some decrease in transamination activity, which could be restored
by the addition of PLP. Severalfold freezing of the brain supernatant did not result
in dissociation of coenzyme.

Parenteral administration to rats of a single dose of 30 mg of pyridoxine had
no effect on the transamination activity in liver supernatant but higher doses,
150 - 200 mg, were effective. Administration of 2x 100 mg caused after 4 hours
a marked increase of the activity towards tyrosine in comparison with the control
value, both in the presence and absence of added PLP (Table 4). Simultaneously
an increase of the enzyme activity towards phenylalanine and tryptophan was
observed, which was enhanced by the addition of PLP although to a lesser extent
than the activity towards tyrosine.

These results show that administration of pyridoxine leads both to a greater
saturation of the enzyme with coenzyme in liver supernatant, and to an increase
of the population of enzymic protein molecules, the enzyme still being “unsaturated”
with coenzyme.

In liver mitochondria and in brain supernatant administration of pyridoxine
had no effect on the aminotransferase activities assayed either with or without the
addition of PLP. Nor did parenteral administration of 10 mg of PLP alter the
activity of brain supernatant assayed after 90 min. These results are in agreement
with those obtained in vitro and show that in liver mitochondria and brain super-
natant the enzymic proteins are saturated with coenzyme.
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Vol. 19 TRANSAMINATION OF AROMATIC AMINO ACIDS 105

Effect of parenteral administration of amino acids

The transamination activity in the 30 000 g supernatant of rat liver after
administration of various amino acids, is presented in Table 5. The aromatic amino
acids, aspartate and glutamate, as well as serine and alanine, induced to a greater
or lesser extent transamination of aromatic amino acids, administration of histidine
had no effect, whereas f-alanine enhanced only transamination of tyrosine and
DOPA without influencing that of phenylalanine or tryptophan.

The increase in aminotransferase activity towards tyrosine and DOPA was the
greatest, and similar in magnitude. Four hours after administration of an aromatic
or acidic amino acid, the activity increased six- to tenfold. The activity towards
phenylalanine increased after administration of various amino acids only two- to
threefold, and towards tryptophan, two- to fourfold. This last activity was sevenfold
specifically stimulated by administration of tryptophan. The effect of tyrosine and
phenylalanine administration was determined after 2 and 4 hours. On tyrosine
administration, an increase with time was observed, whereas no such effect was
noted " with phenylalanine.

In liver mitochondria and brain supernatant, no changes in transamination
activity were observed after administration of amino acids.

DISCUSSION

The attempt to separate the enzymes catalysing transamination of individual
aromatic amino acids in rat liver mitochondria, was unsuccessful. Similarly, Jacoby &
La Du (1964) have not separated the activities in the 16 000 g supernatant of rat
liver. On the other hand, Tangen et al. (1965) reported separation of tyrosine - a-
axoglutarate aminotransferase from tryptophan - oxaloacetate aminotransferase
in rat brain supernatant.

Despite the failure in separating the discussed activities, some indirect evidence
obtained indicates that different enzymes are involved in transamination of particular
aromatic amino acids. Changes in the activity ratios towards amino acid substrates
on purification of the enzymic preparation provide one of these indications. In the
crude extract from liver mitochondria, the activity ratio towards tyrosine and phenyl-
alanine was 1:2.8, and in the about 20-fold purified preparation, 1:4.4; the corres-
ponding values for tyrosine and tryptophan were 1:1.5 in crude extract and 1:3.0
after purification. '

Another indirect indication of the occurrence of three separate enzymes comes
from the demonstrated differences in the degree of saturation and binding of enzymic
protein with coenzyme when specific transamination reactions are assayed. In liver
supernatant the activity towards tyrosine was more stimulated by addition of PLP
to the reaction mixture, and considerably more by administration of pyridoxine
in vivo, than the activity towards phenylalanine or tryptophan. This may indicate
that the enzyme(s) active with phenylalanine and tryptophan is more saturated with
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PLP. The effect of cysteine in vitro and hydrazine in vivo shows that these differences
involve also strength of protein-to-coenzyme binding. The applied treatments
removing PLP from the enzymic protein, had no effect on the activity towards
phenylalanine and tryptophan but diminished considerably the activity towards
tyrosine. Different response of the individual transamination activities has also been
demonstrated in liver supernatant on intraperitoneal administration of amino acids
Distinctly higher activity towards tyrosine as compared with the other activities,
implies the existence of individual enzymic proteins.

A further proof for this supposition is the demonstration of the different activity
ratios towards aromatic amino acids in subcellular liver fractions and brain
supernatant, K,, values for a given aromatic amino acid being, however, practically
the same. In the 30 000 g liver supernatant, this activity ratio towards tyrosine and
phenylalanine was 1:0.14, in liver mitochondria 1:2.7, and in brain supernatant
1:1.3. These ratios for tyrosine and tryptophan were, respectively, 1:0.08, 1:1.4 and
1:1.14.

Differences in the enzyme-coenzyme binding are also observed on examination
of the enzymes from individual subcellular fractions. Aminotransferases of liver
mitochondria and brain supernatant, at variance with the enzyme(s) present in liver
supernatant, were found to be saturated with coenzyme, and their activity was.not
enhanced by addition of PLP, nor was it affected by intraperitoneal administration
of pyridoxine. Similarly, no stimulation by PLP of aromatic amino acid trans-
amination has been observed by Miller & Litwack (1969) in rat brain mitochondria,
by Mark, Pugge & Mandel (1970) in rat brain homogenate, and by George & Gabay
(1968) in 900-fold purified preparation of phenylalanine - a-oxoglutarate amino-
transferase from pig brain.

In our experiments, the aminotransferases present in liver mitochondria and
brain supernatant were not affected by cysteine treatment in vitro or hydrazine
administration in vivo, which indicates tight binding of coenzyme to enzyme protein
in these preparations.

The results of the present work support the view that transamination of tyrosine,
phenylalanine and tryptophan is catalysed by three distinct enzymes.

The author wishes to express her gratitude to Prof. Dr. Irena Mochnacka
for her guidance, continued interest and help in the preparation of the manu-
script.

REFERENCES

Belzecka K., Laskowska T.& Mochnacka 1. (1962). Acta Biochim. Polon. 9, 55.

Canellakis Z. N. & Cohen P. P. (1956). J. Biol. Chem. 222, 63.

Diamondstone T. 1. (1966). Analyt. Biochem. 16, 395.

Fellman J. H., Vanbellinghen P.J., Jones R.T. & Koler R. D. (1969). Biochemistry 8, 615.
Fonnum F., Haavaldsen R. & Tangen O. (1964). J. Neurochem. 11, 109.

George H. & Gabay S. (1968). Biochim. Biophys. Acta 167, 555.

Hayashi S., Granner D.K. & Tomkins G. M. (1967). J. Biol. Chem. 242, 3998.

http://rcin.org.pl



108 L. PU2YNSKA 1972

Jacoby G. A. & La Du B. N. (1964). J. Biol. Chem. 239, 419.

Kenney F.T. (1959). J. Biol. Chem. 234, 2707.

Kenney F.T. (1962). J. Biol. Chem. 237, 1610.

Killam K.F. & Bain J. A. (1957). J. Pharmacol. Exp. Ther. 119, 255.

Klein M. S. & Sagers R. D. (1966). J. Biol. Chem. 241, 206.

Levin O. (1962). In Methods in Enzymology (S.P. Colowick & N. O. Kaplan, eds.) vol. §, p. 27.
Academic Press, New York.

Lin E., Pitt B., Civen M. & Knox E. (1958). J. Biol. Chem. 233, 668.

Litwack G. (1957). J. Biol. Chem. 228, 823.

Litwack G., Sears M. L. & Diamondstone T. 1. (1963). J. Biol. Chem. 238, 302.

Mark J., Pugge H. & Mandel P. (1970). J. Neurochem. 17, 1393.

Mejbaum-Katzenellenbogen W. (1955). Acta Biochim. Polon. 2, 279.

Miller J. E. & Litwack G. (1969). Arch. Biochem. Biophys. 134, 149.

Puzynska L. & Mochnacka 1. (1968). VI Zjazd Polskiego Tow. Bioch., Olsztyn, Abstr. Comm. p. 53.

Schneider W. C. (1948). J. Biol. Chem. 176, 259.

Tangen O., Fonnum F. & Haavaldsen R. (1965). Biochim. Biophys. Acta 96, 82.

Warburg O. & Christian W. (1941). Biochem. Z. 310, 384.

TRANSAMINACJA AMINOKWASOW AROMATYCZNYCH W WATROBIE I MOZGU
SZCZURA

Streszczenie

Badano aktywno$¢ aminotransferaz aminokwaséw aromatycznych w mitochondriach watroby
oraz w 30 000 g supernatancie watroby i mozgu szczura. Proby rozdzielenia aktywnos$ci wzgledem
tyrozyny, feniloalaniny i tryptofanu nie powiodly si¢. Otrzymano jednak posrednie dowody, ze moga
to by¢ rézne enzymy. Przy oczyszczaniu enzymu zmienia si¢ stosunek aktywnosci wzgledem poszcze-
g6Inych aminokwas6w; rowniez wplyw fosforanu pirydoksalu in vitro i pirydoksyny in vive jest
rézny. Ponadto wykazano roznice pomigdzy frakcjami subkomoérkowymi i pomigdzy tkankami
w nasyceniu bialka enzymatycznego koenzymem i w sile wigzania koenzymu.
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1. As representative arginases of plants, ureotelic and uricotelic animals, lupin, ox
liver and chicken liver enzymes were studied. 2. The different effect of thiol group
reagents on the enzymes may suggest that free thiol groups are essential for the
activity of lupin arginase, and are not involved in the activity of ox liver arginase.
Chicken liver enzyme was inhibited by these reagents only at their higher concentra-
tions. 3. Approximate molecular weight of lupin arginase was found to be 150 000
as compared with 119 000 and 252 000, respectively, for ox liver and chicken liver
enzymes. 4. The K, values of the three arginases increased with increasing molecular
weight.

Arginases obtained from liver of ureotelic and uricotelic animals show different
capacity to hydrolyse L-arginine, different molecular weight (Mora, Tarrab,
Martuscelli & Soberén, 1965b) and different types of inhibition by basic amino
acids (Mora, Tarrab & Bojalil, 1966). It has also been demonstrated that the natural
inhibitor of arginase isolated from sunflower seeds (nitrogen derivative of chlorogenic
acid) is much more active towards arginase from bitter lupin seedlings than towards
the enzyme from ox liver (Muszynska & Reifer, 1968).

In the present paper a comparison is made of some properties of arginases from
plants of bitter lupin, ox liver and chicken liver, as representatives, respectively,
of plant, ureotelic and uricotelic organisms.

MATERIAL AND METHODS

Reagents. Inhibitor of plant arginase, the nitrogen derivative of chlorogenic
acid, was prepared from sunflower seeds as described by Muszyniska & Reifer
(1970); L- and p-arginine were purchased from Reanal (Budapest, Hungary),

* Permanent address: Institute of Microbiology, U.S.S.R. Academy of Sciences, Profsoyusnaya 7,
Moscow B-133, U.S.S.R.
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chlorogenic acid and L-canavanine sulphate from Koch-Light Lab. (Colnbrook,
Bucks., England), r-lysine and reduced glutathione from Schuchardt GmbH
(Munich, G.F.R.), L-ornithine hydrochloride from E. Merck A.G. (Darmstadt,
G.F.R.), N-ethylmaleimide and 2-mercaptoethanol from Sigma Chem. Co. (St.
Louis, Mo., U.S.A.), Sephadex G-200 from Pharmacia (Uppsala, Sweden),
y-guanidinobutyrate, L-homoarginine hydrochloride and a-amino-f-guaniding-
propionate hydrochloride from Calbiochem (Los Angeles, Calif., U.S.A.); a-amino-
f-guanidinopropionate was a kind gift of dr. Zofia Porembska (Dept. of Biochemistry,
Medical School, Warszawa). All other reagents were purchased from Fabryka Od-
czynnikow Chemicznych (Gliwice, Poland).

Enzyme preparations. Arginase from seven-day-old plants of blue bitter lupin
was prepared as described by Ber, Muszyniska & Kleczkowski (1971). Arginase
from chicken liver was prepared according to the method of Mora et al. (1965b),
up to step 6 (precipitate at 50 - 60 %, ammonium sulphate saturation). Bovine liver
arginase, 20 units/mg, was a preparation of Koch-Light Lab.

Arginase activity assay. Arginase preparation, 20 pl, in 0.02 M-Na,K-phosphate
buffer, pH 7.2, was preincubated at 38°C with 25 ul of 0.01 M-MnCl, solution,
pH 6.8 - 7.0. The amount of enzyme protein was 3 pg of lupin, 2.4 pug of ox liver,
or 52 ug of chicken liver preparation. After preincubation for the time indicated
below, 25 pl of 0.5 M-L-arginine solution (pH 10) and bidistilled water or TEA' buffer
up to 150 pl was added (final pH 10) and the incubation was carried out at 38°C.
The reaction was stopped by adding 50 pl of conc. HCIO,, the sample diluted with
water to 2 ml and the urea formed deteimined by the method of Archibald as
modified by Ratner (1955).

The arginase activity was studied under the optimum conditions of incubation
and preincubation for each enzyme preparation. The time of preincubation was
60 min for lupin, 15 min for ox liver, and 10 min for chicken liver arginase. With
the applied amount of enzyme protein and 83 mwm-arginine, the reaction was linear
with time up to 60 min for lupin arginase, and up to 120 min for the liver enzymes;
the incubation time chosen for assays was 30 min for lupin, and 60 min for the
liver enzymes.

The specific activities of the preparations under the above conditions, expressed
as pmol of urea formed/mg protein/min, were 9 for lupin, 12 for ox liver and 0.4
for chicken liver arginase.

Molecular weight determination. The approximate molecular weights of arginases
were estimated according to the method of Whitaker (1963). A Sephadex G-200
column (2.6 x 50 cm) was calibrated with bovine plasma albumin, grade A (Calbio-
chem), fumarase from pig heart, xanthine oxidase from milk (Koch-Light Lab.)
and urease (Merck). The void volume of the column was established with Dextran
blue 2000. About 10 mg of each protein in 1 ml of 0.05 m-tris buffer, pH 7.4, was

1 Abbreviations used: pCMB, p-chloromercuribenzoate; NEM, N-ethylmaleimide; TEA,
triethanolamine.
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applied on the top of the column equilibrated previously with the same buffer,
and 1.7 ml fractions were collected, the rate of flow being 1 ml/200 sec. Protein
in the eluate was estimated according to Lowry ez al. (1951) and simultaneously
the enzymic activities were determined.

RESULTS

The lupin arginase preparation was found to be less stable than the two liver
arginases. The enzyme was completely inactivated by 7 h dialysis against 0.05 M-
tris buffer, pH 7.4, in the presence of 1 mM-EDTA at 4 - 5°C, and could not be
reactivated by the addition of Mn?* ion to the incubation mixture. The presence
of 5 mm-2-mercaptoethanol protected the enzyme during dialysis only partially,
as Mn?*, Ni?*, Fe?* or Fe3* restored not more than 509 of the initial activity.
The preparations of liver enzymes after dialysis against tris buffer containing only
EDTA were fully reactivated by Mn?* ion. Ni** and Co?* ions had a smaller
effect, whereas cadmium activated only ox liver arginase (Table 1).

Table 1

The effect of various ions on the activity of arginase preparations dialysed in the
presence of EDTA

Lupin, ox liver or chicken liver preparation, 2 mg, was dissolved in 0.5 ml of 50 mm-tris-HCI buffer,
pH 7.4, containing 1 mM-EDTA, and dialysed for 7 h at 4 - 5°C against 100 ml of the same buffer
with EDTA, with constant stirring of the external fluid. The buffer was changed five times at intervals
of 70 min. The metal ions were added as chlorides. The assays were carried out as described in
Methods. The results are expressed as percentages of the activity before dialysis, taken as 100.

Enzyme preparation Addition en Al s Son
k) lupin* ox liver chicken liver

Before dialysis Mn?+, 1.67 100 100 ! 100
After dialysis None 13 25 16

‘ Mn2+, 1.67 57 100 86
Ni?+, 1.67 ‘ 41 31 35

Co*+, 1.67 | 12 ‘ 45 31

X EL 67~ ol "V i e 8T Ml iR

Fe3t, 1.67 42 30 14

Cd*+, 1.67 9 [ 39 8

; ; Cd?+, 3.34 ‘ 9 [ 43 8
[ Cd?+, 6.68 ‘ 9 1 74 i 8

* The preparation was dialysed with the addition of 5 mm-mercaptoethanol.

K, values for L-arginine, calculated from the Lineweaver-Burk plots (Fig. 1)
were 55, 29 and 200 mMm, respectively, for the lupin, ox liver and chicken liver
arginases. The findings with liver arginases were in good agreement with the results
of Mora, Martuscelli, Ortiz-Pineda & Soberén (1965a). All three enzymes were
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Fig. 1. Lineweaver-Burk plots for arginine hydrolysis by a, lupin, b, ox liver and ¢, chicken liver

arginase preparations. @, Uninhibited reaction; reaction with A, lysine, and ®, ornithine. The

assays were performed as described in Methods with 25 mM-TEA buffer, pH 10; the final volume

of the incubation mixture was 0.2 ml and arginine concentration 25 - 75 mm or 12.5 - 50 mm. The

basic amino acids were used at the following concentrations: for lupin enzyme, 12.5 mm; for ox

liver enzyme, 50 mMm, and for chicken liver enzyme, 25 mm. The velocity, v, is expressed in pmol
of urea formed/mg protein/min.

inhibited by lysine and ornithine. The experiments on the effect of various concentra-
tions of basic amino acids (from 10 to 150 mm) showed that lupin arginase was
affected to the greatest extent. The inhibition of lupin arginase by either of the two
basic amino acids was of mixed type (Fig. 1a). In agreement with Mora et al. (1966),
inhibition of chicken enzyme by these amino acids was of competitive type (Fig.
1b); with ox liver enzyme, lysine was a competitive inhibitor whereas inhibition
by ornithine was of mixed type (Fig. lc).

The effect of thiol group reagents on the three enzyme preparations is presented
in Fig. 2. pCMB was found to be a very potent inhibitor of lupin arginase, as at

a b
100
—
NS
N—
>
S 60+
S
<
1 L 1 1 X | 1 1 1 el 04 l 1 1 1 1 1 e
0 20 40 60 0 20 40 0 20 40 60
pCMB concn. (M) NEM concn. (um) N-Derivative of CGA concn. (g/ml)

Fig. 2. The effect of a, p-chloromercuribenzoate, b, N-ethylmaleimide, and ¢, N-derivative of
chlorogenic acid, on the activity of arginases from [J, lupin; O, ox liver; and A, chicken liver.
The indicated amounts of the inhibitor were preincubated with the enzyme preparation.
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15 pM concentration it caused a decrease in activity of 859%. This concentration of
pCMB had no effect on chicken liver enzyme, but a concentration of 55 pm resulted
in its complete inhibition. Ox liver arginase was not affected by the applied concent-
rations of pCMB (Fig. 2a), in agreement with the results of Mora et al. (1966) who
demonstrated that 1 mM-pCMB had no effect on the activity of rat liver arginase
and completely inhibited the activity of chicken liver arginase. NEM, similarly
as pCMB, had no effect on the activity of ox liver arginase, whereas it inhibited both
lupin and chicken liver arginases (Fig. 2b). N-Derivative of chlorogenic acid, the
natural arginase inhibitor from sunflower seeds, practically did not change the
activity of ox liver enzyme, inhibited to some extent the chicken liver enzyme, and
had the greatest effect on lupin arginase (Fig. 2c). The inhibition of the chicken
liver enzyme by the N-derivative of chlorogenic acid was of non-competitive type,
similarly as it has been demonstrated for lupin enzyme by Muszyniska & Reifer (1970).

Chlorogenic acid at concentrations from 0.05 to 0.4 mMm caused a decrease in the
activities of all three arginases, but it had the smallest effect on ox liver enzyme
(Fig. 3a). lodoacetate at concentrations of 1-70 mm inhibited all three enzymes
to a similar extent (Fig. 3b).

100

Activity (%)

1 | 1 ] ]
0 01 02 03 04 0 10 30 50 70
Chlorogenic acid concn. (mm) Todoacetate concn. (mm)

Fig. 3. The effect of a, chlorogenic acid, and b, iodoacetate on the activity of arginase from [J,
lupin; O, ox liver; and A, chicken liver. The indicated amounts of the inhibitor were preincubated
with the enzyme preparation.

The lupin arginase preparation was active also towards L-homoarginine and
to some extent towards D-arginine (Table 2). Ox liver preparation had a very small
activity towards D-arginine and L-homoarginine. Other guanidino compounds
assayed were not hydrolysed in detectable amounts by these two preparations.
Chicken liver preparation, in agreement with the results of Mora et al. (1965b),
hydrolysed p-arginine and p-guanidinobutyrate more efficiently than rL-arginine.
It showed also a slight activity towards L-homoarginine and L-canavanine.

The K, values for the guanidino compounds hydrolysed by the arginase
preparation :are shown in Table 3.

The approximate molecular weights determined by Sephadex gel filtration
(Fig. 4) were 150 000 for lupin arginase, 119 000 for ox liver, and 252 000 for
chicken liver arginases.
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Table 2

Hydrolysis of guanidino compounds by lupin, ox liver and chicken liver arginase
preparations

Conditions of assay as described in Methods, with 25 mM-TEA buffer, pH 10. The results are
expressed as percentages of hydrolysis of L-arginine, taken as 100. BLD, below limits of detection.

Substrate ‘ Arginase from

(83 mm) | lupin | ox liver | chicken liver
L-Arginine [ 100 100 100
D-Arginine 10 7 | 191
L-Homoarginine 26 6 12 ‘
y-Guanidinobutyrate BLD ’ BLD 305
a-Amino-f-guanidinopropionate BLD BLD BLD
L-Canavanine [ BLD BLD 9 ‘

Table 3

Michaelis constants of lupin, ox liver and chicken liver arginases for different guanidino
compounds

Conditions of assay as described in Methods, with 25 mm-TEA buffer, pH 10; substrate concentra-
tion 25 - 250 mM, final volume 0.2 ml.

Sikitate | K., (mm) of arginase from
stra —
iz | lupin | ox liver | chicken liver
| | [
L-Arginine ‘ 55 . 29 200
D-Arginine ‘ = — 42 :
L-Homoarginine ‘ 151 “ — o
y-Guanidinobutyrate — | — 62
140 [-
— 1805}
5 120
3
> 110 +
kS
5 100
oy
90 +
80 +
1 1 ]
45 50 55 6.0

log (mol.wt.)

Fig. 4. Determination of approximate molecular weight of arginases from [J, lupin; O, ox liver;

and A, chicken liver, by Sephadex G-200 gel filtration. Marker proteins: /, bovine serum albumin

(mol. wt. 67 000); 2, fumarase (mol. wt. 194 000); 3, xanthine oxidase (mol. wt. 290 000); 4, urease
(mol. wt. 483 000). For details see Methods.
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DISCUSSION

In the present work, some differences were found to exist between a plant
arginase and animal ‘““ureotelic’” and *“‘uricotelic” arginases. Lupin arginase appeared
to be very unstable and removal of metal ions by dialysis in the presence of EDTA
resulted in its complete inactivation. Partial protection of the enzyme during dialysis
could be obtained by the addition of 2-mercaptoethanol. On the other hand, ox
liver and chicken liver arginase activities after dialysis in the presence of EDTA were
completely reactivated by addition of Mn?* ions.

The lupin arginase, in contrast to the enzymes from ox liver and chicken liver,
is characterized by a marked susceptibility to thiol group reagents, even when applied
at very low concentrations. Muszynska & Reifer (1970) have demonstrated that
thiol compounds protect lupin arginase against inactivation by N-derivative of
chlorogenic acid. These results may indicate that in lupin arginase thiol groups
are essential for the enzyme activity. The arginase from chicken liver is inhibited
by the thiol-group binding reagents to a much smaller extent than lupin arginase.
The arginase from ox liver is not affected by these reagents. Thus thiol groups seem
not to be involved in its activity.

Iodoacetate at high concentrations inhibited the activity of the three arginases
to the same extent. Carboxymethylation of proteins by iodoacetate is not a specific
reaction for detection of thiol groups, but this compound may combine with reactive
groups of histidine, lysine and methionine over the pH range from 7 to 10 (Gurd,
1967). Therefore it seems possible to conclude that one of these amino acids is
present in the active centre of all three studied arginases.

The molecular weight of lupin arginase was found to be 150 000. The correspond-
ing values for the “ureotelic”” enzyme are 138 000 (rat liver; Mora et al., 1965b)
and 119 000 (ox liver; present experiments), and for the “uricotelic” enzyme from
chicken liver 276 000 (Mora et al., 1965b) and 250 000 (present work). Hirsch-Kolb &
Greenberg (1968) have demonstrated that rat liver arginase of molecular weight
118 000 is composed of four subunits, each with molecular weight of 30 000. Reddy &
Campbell (1968) reported the occurrence in earthworm gut of an arginase with
a molecular weight of about 27 000.

If we assume that other arginases are also composed of 27 000 or 30 000 mol.
wt. subunits, then lupin arginase would be composed of 5 or 6 subunits, and
“uricotelic” arginase of 8 - 10 subunits. As the “ureotelic” arginase has a higher
affinity to arginine, it may be concluded that the structure consisting of 4 subunits
is optimal for enzyme activity. The lower affinity to arginine of the “uricotelic”
and plant arginases may be related to their higher molecular weight.

The authors are grateful to Professor Dr. K. Kleczkowski for the benefit of his
advice throughout the work and for valuable criticism on the manuscript.
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CHARAKTERYSTYKA ARGINAZY ROSLINNEJ
ORAZ ARGINAZ Z ORGANIZMOW UREOTELICZNYCH I URIKOTELICZNYCH

Streszczenie

1. Badano wlasciwosci arginazy z siewek lubinu, arginazy z watroby wolu i watroby kurczecia
jako przedstawicieli arginaz: ro§linnej i zwierzat ureo- i urikotelicznych.

2. Réznice we wplywie zwiazkow blokujacych grupy SH wskazuja, ze grupy te sa konieczne
dla aktywnosci arginazy roSlinnej, a nie sa tak istotne dla obu arginaz watrobowych.

3. Arginaza z lubinu ma cigzar czasteczkowy okolo 150 000, natomiast arginaza z watroby wohu
i kurczecia odpowiednio 119 000 i 252 000.

4. Wartosci K, badanych arginaz wzrastaja wraz ze zwigkszajacym si¢ ci¢zarem czasteczkowym.

Received 7 July, 1971.
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Sucrose gradient analysis proved that histones inhibit the activity of the cell-free
protein biosynthetic system isolated from rat liver, by association with polysomes.
Polysomes can be released without any apparent change from such associates by
trypsin treatment. Histone f/ has different affinity to polysomes than the remaining
histones.

Histones are regarded as important factors involved in regulation of biosynthesis
of nucleic acids and proteins within the cell nuclei (Huang & Bonner, 1962; Allfrey,
Littau & Mirsky, 1963; Sluyser, Thung & Emnelot, 1965; Wang, 1966). There is
also evidence that histones play a role in inhibition of protein biosynthesis in
ribosomal systems in vitro. This effect has been demonstrated in systems isolated
from rat liver (Berlinguet & Normand, 1968), rabbit reticulocytes (Kruh & Labie,
1968) and pea seedlings (Toczko, Sieliwanowicz & Jachymczyk, 1969). Several
investigators have demonstrated that in the cell cytoplasm molecules of mRNA
can exist as inactive ribonucleoprotein particles (Spirin, 1966, 1969; Henshaw,
1968) which can be activated by trypsin treatment (Monroy, Maggio & Rinaldi,
1965; Ostner & Hultin, 1968; Jachymczyk, Zawierucha & Sieliwanowicz, 1971).
These results suggested that in cytoplasm basic proteins may be involved in the
regulation of protein biosynthesis.

Recently Jachymczyk & Sieliwanowicz (1971) have shown that the inhibitory
effect of histones on the rat liver ribosomal fraction could be reversed almost
completely by short treatment with trypsin. It was also found that addition of exo-
genous mRNA (or poly U) to the system containing the ribosomal fraction blocked
by histones, resulted in an increase of the incorporation of radioactive amino acids
into protein, whereas ribosomal RNA, with no template activity, had no such effect.
Thus it could be supposed that histones cause inactivation of polysomes without
affecting the activity of free ribosomes.

In the present experiments, the linear sucrose gradient analysis was performed
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to obtain more data concerning the above-mentioned suggestion. The specificity
of particular histones in their ability to associate with rat liver ribosomal preparations
were also studied.

MATERIALS AND METHODS

Reagents. All reagents were of analytical grade. ATP, GTP, creatine phospho-
kinase and trypsin (2 xcryst.) were purchased from Sigma Chemical Co. (St. Louis,
Mo., U.S.A.). Difco protein hydrolysate (vitamin-free casamino acids) from Difco
Laboratories Inc. (Detroit, Mich., U.S.A.); creatine phosphate from Calbiochem
(Los Angeles, Calif., U.S.A.); L-[U-'*C]leucine (spec. activity 311 mCi/mmol)
and a mixture of '#C-labelled amino acids (spec. act. 52 mCi/milliatom of carbon)
from the Radiochemical Centre (Amersham, Bucks., England). Reagents for poly-
acrylamide gel electrophoresis were from Serva (Heidelberg, G.F.R.).

Preparation of histones. Total histones were prepared from calf thymus as
described by Johns, Phillips, Simpson & Butler (1961). Histone preparations were
analysed by the polyacrylamide disc electrophoresis technique (Johns, 1967, modified
by Toczko, 1969) before being used in the experiments.

Preparation of ribosomal fraction and 105 000 g supernatant. These were prepared
from liver of Wistar rats as described by Jachymczyk & Sieliwanowicz (1971).
The concentration of ribosomes was determined by the method of Tester & Dure
(1966) assuming E,s,=12 to be equivalent to 1 mg of ribosomes.

The ribosomal preparation used for experiments contained 10 mg of ribosomes
in 1 ml of 0.25 M-sucrose - 5 mM-MgCl, - 0.01 M-KHCO; - 0.025 M-tris-HCI buffer,
pH 7.6.

Linear sucrose gradient analysis. A 0.2 ml sample containing a known quantity
of ribosomes (usually 1- 1.5 mg), native or treated with histones, was layered on
a linear sucrose gradient from 10% to 34 % (Jachymeczyk & Cherry, 1968) containing
0.01 M-MgCl,, 0.02 M-KCl, 0.01 M-tris-HCI buffer, pH 7.6, and 0.001 M-spermidine,
and centrifuged at 35 000 rev./min in a Spinco SW 39 rotor for 60 min. To determine
the distribution of ribosomes in the gradient, 45 - 50 fractions, 8 drops each, were
collected from the bottom to the top of the gradient; samples were adjusted with
water to a volume of 1.1 ml and extinction at 260 nm was read in Zeiss VSU-1
spectrophotometer (Jena, G.D.R.).

Assay of amino acid incorporation. The conditions for the incorporation of
14C-labelled L-leucine were the same as described by Jachymczyk & Sieliwanowicz
(1971).

Association of histones with ribosomal fraction. The ribosomal preparation,
0.1 ml (1 mg of ribosomes) was mixed with 1 ml of histone solution in 0.025 M-tris-HCI
buffer, pH 7.4, and the mixture was made up to 2 ml with the 0.25m-
sucrose - 5 mM-MgCl, - 0.01 M-KHCO; - 0.025 m-tris-HCI solution of pH 7.6.

The obtained mixture was incubated with continuous stirring at 0°C for 10 min
and centrifuged at 165000g for 60 min using Beckman ultracentrifuge model
Spinco L-50. As a control, a parallel sample of ribosomes not treated with histones,

http://rcin.org.pl



Vol. 19 INTERACTION OF HISTONES WITH POLYSOMES 119

was centrifuged under the same conditions. The obtained pellets were analysed both
for protein and RNA contents and the supernatant only for protein. RNA was
determined according to Munro & Fleck (1966), proteins according to Lowry et al.
(1951) using bovine serum albumin (Michrome, Gurr, London, England) as standard.

The protein in the supernatant was analysed also by polyacrylamide gel electro-
phoresis. The protein bands in gels were scanned using Zeiss densitometer ERJ-65
adapted for gel scanning.

RESULTS AND DISCUSSION

Effect of histones on ribosomal profiles. 1t has been observed that inhibition of
the incorporation of radioactive L-amino acids into protein in rat liver ribosomal
preparations by histones from pig renal cortex was dependent on the quantity of
added histones (Jachymczyk & Sieliwanowicz, 1971). The same effect was found
with calf thymus histones (Table 1). The addition of 100, 200 or 300 pg of histones
per 1 mg of ribosomal fraction decreased the incorporation of amino acids into
protein to 55 %, 38% and 14 %, respectively. When this effect of histones on ribosomal
fraction was investigated by linear sucrose gradient analysis (Fig. 1), it was found

A |
A :

T

£260

d \
5 \]
R Yz D D ]
10 20 30 40
Fraction no. Fraction no.

Fig. 1 Fig. 2

Fig. 1. Effect of histones on the sucrose density gradient profiles of rat liver ribosome preparation.
1, Intact ribosomes; ribosomes treated: 2, with 100 pg histones/1 mg ribosomes; 3, with 200 pg
histones/1 mg ribosomes, and 4, with 300 pg histones/1 mg ribosomes.

Fig. 2. Effect of trypsin on the restoration of polysomes. Sucrose gradient profiles of ribosomes:

1, intact; 2, treated with 300 pg histones/1 mg ribosomés; and 3, treated with 300 pg histones and

incubated with 2.7 pg of trypsin. Conditions for the trypsin incubation were the same as described
in the legend to Table 1.

that histones reacted first with polysomes, forming with them complexes which
precipitated and were spun down to the bottom of the tube (marked with arrow in
Figs. 1 and 2). The addition of 100 pg of histones per 1 mg of ribosomes reduced
the amount of polysomes by about 70 % of that observed for the non-treated (control)
ribosomal fraction. Under these conditions the amount of free ribosomes decreased
only insignificantly. The addition of 200 or 300 pg of histones caused almost complete
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precipitation of polysomes, whereas at least 509, of free ribosomes still remained
in solution. Complete precipitation of free ribosomes occurred at much higher
concentrations of histones ranging from 900 to 1000 pg per 1 mg of ribosomal
fraction.

Table 1

The activity of rat liver ribosomes treated with histones, and the effect of trypsin

Ribosomes (1 mg in 0.1 ml) were mixed with histones dissolved previously in the same medium
as ribosomes, made up to a final volume of 1 ml, kept at 0°C for 10 min, centrifuged, and used for
the amino acid incorporation studies. In the experiment with trypsin, to the histone-ribosome
mixture 0.05 ml of trypsin solution was added, and after 3 min at 37°C the reaction was stopped
by cooling to 0°C and the mixture centrifuged at 165000 ¢ for 1 h.
The standard amino acid incorporation system (Jachymczyk & Sieliwanowicz, 1971) contained
in 1 ml : 0.8 mg of 105000 g supernatant protein (enzymic fraction), 0.4 mg of ribosomal fraction,
and 0.5 pCi of L-["*C]Jleucine. The data are the results of a typical experiment.

Addition ' .'

(ug/mg ribosomes) Incorporation I Activity
N BTN I - c.p.m. ribosomes ‘ (% ‘
Histones ' Trypsin (€.p g LRGP ) l
i |
None (control) — 17 900 [ 100 |

100 — 9 845 | 55

200 — 6807 ’ 38 ‘
300 — 2 550 14 |
300 il 27l 14 300 80 |

These observations confirmed the previous suggestion that inhibition of protein
biosynthesis by histones is related to their action on polysomes.

Release of polysomes by trypsin. The inhibition of amino acid incorporation by
300 pg of histone was reversed on addition of 2.7 pg of trypsin, the activity being
restored to 80 % of the control value (Table 1). When the effect of trypsin was studied
by sucrose gradient analysis (Fig. 2) it was found that trypsin released polysomes
from the association with histones, as the profile of ribosomes treated with histones
and then with trypsin resembled closely that of the native ribosomal preparation.
The precipitate found at the bottom of the gradient disappeared after trypsin
treatment, and the amount of polysomes in solution was even slightly higher than
in the control. .

It is thus evident that the inhibitory effect of histones cannot be connected with
degradation of mRNA in polysomes, as in this case the release of polysomes by
trypsin would not be possible. The previously observed influence of exogenous mRNA
or poly U on the activity of histone-blocked ribosomal fraction (Jachymczyk &
Sieliwanowicz, 1971) may be explained by low affinity of free ribosomes to histones.
In fact, sucrose gradient analysis (cf. Fig. 1 and 2) showed that at least 50 % of free
ribosomes remained unchanged even after the addition of as much as 300 pg of
histones per 1 mg of ribosomal fraction. These ribosomes should be able to form
new polysomes.
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The interaction of particular histones with the ribosomal fraction. The ribosomal
fraction was incubated with various amounts of total histone preparation, and after
centrifugation the non-bound histones in the supernatant were analysed by disc
electrophoresis. The electrophoretograms of the supernatant obtained from the
non-treated ribosomal fraction (Fig. 3A) and total histones from calf thymus (Fig.
3B) served as controls. When 300 pg of histones was added per 1 mg of ribosomal
fraction, that is the amount of histones which inhibited almost completely the
activity of the ribosomal fraction, no histones were found in the supernatant (Fig.
3C). Addition of 500 pg of histones resulted in the appearance in the supernatant

= + - +
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| A | B P
‘ : £3+f2b

———
C D
£1
|
TR SIS f
E F R
‘ f1.
F1 £3+£2b

-f2a2

f3+f2b ’ £2a1

f2a2

Fig. 3. The densitometer scans of gel electrophoretograms: A, supernatant of intact ribosomes;
B, total histones; C, D, E and F, supernatants from ribosomes treated by, respectively, 300, 500,
700 and 1000 pg of total histones per 1 mg of ribosomes.

of histone f7 (Fig. 3D), 700 pg, in the appearance also of histones f3-/2b and f2a2
(Fig. 3E), and 1000 pg, of all kinds of histones. Thus, with the increasing amounts
of histones, the differences in the affinity of particular histones to polysomes become
clearly visible. This difference was especially notable with lysine-rich histone f7,
and it could be due to the extended shape of this histone molecule (Haydon &
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Peacocke, 1968), while other histones may form a more compact structure (Sluyser,
1969).

The capacity of polysomes to bind histones in much greater amount than it is
necessary for complete inhibition of their activity suggests that the inhibition of
protein biosynthesis caused by histones is connected with the blocking of only some
specific places within polysomes. The presented data seem to contribute to the
understanding of the mechanism of the inhibition by histones of protein biosynthesis
in an in vitro system. It is very likely that basic proteins can participate in the
regulation of translation in living cells by a mechanism similar to that observed
in the cell-free system. ‘

This work was supported by the Polish Academy of Sciences within the project
09.3.1. The authors are deeply grateful to Professor Irena Chmielewska for her
encouragement and continued interest in this work and for comments on the
manuscript.
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WPLYW BIALEK ZASADOWYCH NA POLISOMY.
WZAJEMNE ODDZIALYWANIE HISTONOW I POLISOMOW WATROBY SZCZURA

Streszczenie

Za pomoca analizy w liniowym gradiencie stezenn sacharozy wykazano, ze histony hamuja
aktywnos$¢ bezkomoérkowego ukladu do biosyntezy biatka poprzez blokowanie polisoméw. Po-
lisomy moga by¢ uwalniane z polaczen z histonami pod wplywem trypsyny. Uwolnione polisomy,
w liniowym gradiencie stg¢zen sacharozy nie réznia si¢ od polisoméw natywnych. Stwierdzono,
ze histon f1 w porownaniu do pozostalych histonéw wykazuje odmienna zdolno$¢ do laczenia sig
z frakcja rybosomalna.

Received 15 October, 1971.
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Isolation of the trypsin inhibitor from posterior lobe of bovine pituitary gland is
presented. The inhibitor was purified by means of ammonium sulphate fractionation,
DEAE- and CM-Sephadex chromatography and column electrophoresis. The isolated
inhibitor was highly specific to trypsin and stable up to 60°C and at pH values 4 - 10.
Optimum activity was at pH 6 - 10. The inhibitor reacts with trypsin at molar ratio
210 : 1 in the presence of a protein substrate, and 471 : 1 in the presence of p-tosyl-L-
arginine methyl ester (TAME).

Studies carried out within the last ten years showed that proteolytic inhibitors
are present in many animal tissues. In addition to the well-known pancreatic in-
hibitors, other proteolytic inhibitors were also found in brain, lungs and testicles
(Fritz, Trautschold, Haendle & Werle, 1968; Sawaryn, 1969). Isolation of these
compounds was facilitated by the recently introduced use of chromatographic
columns filled with insoluble trypsin; this makes possible preparation of a highly
purified inhibitor in one step.

The protein inhibitors, mainly trypsin inhibitors, inhibit specifically proteolytic
activity by binding with the enzymes at 1 : 1 molar ratio. Only exceptionally other
proportions have been found (Wagner & Riehm, 1967; Frattali & Steiner, 1968).

In the present paper, preparation and properties of trypsin inhibitor from
posterior lobe of bovine pituitary is described. The isolated inhibitor is characterized
by the unusually high molar excess with respect to trypsin.

MATERIALS AND METHODS

Chemicals. Sephadex G-25 (coarse), G-50 (fine), G-100, DEAE-Sephadex A-50,
CM-Sephadex C-50 and Blue Dextran were purchased from Pharmacia Fine
Chemicals (Uppsala, Sweden). Trypsin, from bovine pancreas, 2 Xcrystallized,
dialysed and lyophilized; pepsin, 2 Xcrystallized and lyophilized; papain from
Papaya Latex, 2 Xcrystallized; sodium acetate suspension; ribonuclease A from
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bovine pancreas, 5 crystallized; a-casein and bovine serum albumin, crystallized
and lyophilized; p-tosyl-L-arginine methyl ester (TAME), dithiothreitol and 2-
mercaptoethanol were purchased from Sigma (St. Louis, Mo., U.S.A.). Chymotrypsin
A, from bovine pancreas, crystallized, was obtained from Reanal (Budapest,
Hungary). Pronase P, lyophilized, was purchased from Serva (Heidelberg, G.F.R.).
All the other reagents used were analytical grade products. Whatman 3 MM
chromatography paper was obtained from H. Reeve, Angel and Co. Ltd. (London,
England), and visking dialysing tubing from Serva.

Determination of inhibitor activity: 1) Spectrophotometrically with casein as
a trypsin substrate. To 0.2 ml of properly diluted inhibitor solution, 0.4 ml of
0.1 m-borate buffer, pH 8.0, containing 5 mM-CaCl,, and 0.4 ml of trypsin were
added (4 mg of trypsin was dissolved in 2 ml of 0.04 M-NaCl containing 0.02 M-
CaCl,; for the assay, 0.2 ml of this solution was diluted to 3 ml with borate buffer).
After 10 min incubation at 37°C, 1 ml of casein (1% in borate buffer) was added
and the reaction was carried out for 20 min. The reaction was stopped by the addition
of 3 ml of 5 % trichloroacetic acid. After 20 min the sample was filtered and extinction
at 280 nm was measured.

2) Potentiometrically with casein as a trypsin substrate: 0.2ml of trypsin
solution (0.02% in 1 mm-HCI) and 0.1 ml of properly diluted inhibitor were added
to 3.7 ml of 0.15m-NaCl. After 10 min incubation at room temperature, 1 ml of
casein (1%) was added and the reaction was measured with a pH-stat.

3) Potentiometrically with tosylarginine methyl ester (TAME) as a trypsin
substrate: 0.1 ml of trypsin solution (0.029; in 1 mM-HCI) and 0.1 ml of properly
diluted inhibitor were added to 3.8 ml of 0.15 M-NaCl. After 10 min incubation at
room temperature, 1 ml of TAME solution (163 mg of TAME was dissolved in
2 ml of ethanol and adjusted to 5ml with 0.04 M-NaCl containing 0.02 M-CaCl,)
was added, and the reaction was measured with a pH-stat.

The activity of inhibitor was expressed in terms of percentage of trypsin inhibition.
One unit of inhibitor is defined as that amount of protein which under the test
conditions inhibits 109 of trypsin activity.

Molecular weight was determined by gel filtration through Sephadex G-100
in 0.15 M-NaCl. To the column (1 x 100 cm), the mixture of Blue Dextran and 4-mg
portions of inhibitor, albumin, pepsin and ribonuclease was applied and the elution
was carried out with 0.15 M-NaCl. The elution volumes of standards and of the
inhibitor were measured and molecular weight of the inhibitor was calculated from
the graph: V[V, versus log molecular weight.

High-voltage electrophoresis was carried out for 20 min in pyridine - acetic
acid - water (10 : 0.4 : 89.6, by vol.) at pH 6.5 on Whatman 3 MM (10x 57 cm)
paper at 3.5 kV and 70 mA. After electrophoresis the paper was air-dried and sprayed
with ninhydrin solution.

Preparation of insoluble trypsin. Insoluble trypsin was obtained in the reaction
of the enzyme with the styrene - maleic anhydride interpolymer, in a way analogous
to that used by Levin, Pecht, Goldstein & Katchalski (1964) for preparation of
insoluble trypsin with ethylene - maleic anhydride copolymer.
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Protein determination. Protein concentration in chromatographic fractions
was monitored spectrophotometrically at 280 nm. Specific activity of