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A. POLANOWSKI

TRYPSIN INHIBITOR FROM RYE SEEDS

Department of Biochemistry, University, Wroclaw

1. In aqueous extracts from rye seeds, a trypsin inhibitor of protein nature was found.
2. In the seed extract no proteolytic activity could be demonstrated; it appeared only after
adsorption of the inhibitor at pH 4.5 on cellulose or seed coats. 3. The inhibitory and pro-
teolytic activities were separated by ammonium sulphate fractionation at pH 4.5. 4. During
early germination, a rapid decrease in the activity of the inhibitor was observed.

Seeds of many plants are known to contain, in addition to some proteolytic
enzymes, proteins capable of binding trypsin to form inactive complexes. Seeds
of leguminous plants are especially rich in trypsin inhibitor. Among the cereals,
Shyamala, Kennedy & Lyman (1961) and Learmonth & Wood (1963) found in
wheat grain the trypsin inhibitor which was later purified and characterized by
Shyamala & Lyman (1964). All the trypsin inhibitors obtained from seeds are
proteins with a molecular weight of several thousands. Their role so far remains
unknown; their ability to form inactive complexes with trypsin, an enzyme of animal
origin, may indicate that they have a similar function with respect to analogous
plant proteases.

The aim of the present work was to determine the trypsin inhibitor activity

in aqueous extract from rye seeds and to get some insight into its physiological
role.

MATERIALS AND METHODS

Material. Rye seeds (Secale cereale) variety “Ludowe’ stored at 14 - 18° at
a relative moisture of the air 45 -559% for a period not exceeding one year, were
obtained from the Experimental Agricultural Station of the Higher School of Agri-
culture in Wroclaw. ;

The air-dry seeds (14 - 16 g.) were ground in a coffee-mill five times for 30 sec.,
with 1 -2 min. intervals. The flour was treated with 10 vol. of water for 1 hr. with
constant shaking, then centrifuged for 20 min. at 12 000 rev./min. and the super-
natant collected. For some experiments, the seeds were germinated on soft filter
paper in Petri dishes at 18 - 20°. The germination capacity of the seeds was 98 %.
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390 A. POLANOWSKI 121

For preparation of seed coats, rye bran obtained from the mill “Sutkowice”
(Wroclaw) was passed through analytical sieves. The fraction of the bran which
passed through the sieve with 0.43 mm. mesh, and was retained on 0.3 mm. mesh,
was collected and purified by a stream of air. For experiments the lightest fraction
was used; it was washed successively with water, 0.9%, solution of NaCl and 0.2 9,
solution of NaOH until free of protein, then washed thoroughly with water and
dried at 105° for 3 hr.

Analytical methods. Protein was determined by the turbidimetric tannin micro-
method (Mejbaum-Katzenellenbogen, 1955), the turbidity being measured in Pul-
frich photometer with a S-61 filter. Gelatin (Griibler, Leipzig, Germany) dried
to constant weight in a vacuum desiccator over sulphuric acid and assayed by nitro-
gen determination, was used as standard.

Proteolytic and inhibitor activities were determined according to Mejbaum-
-Katzenellenbogen, Wilusz & Polanowski (1966) by measuring the decrease in total
protein in the incubation mixture. One unit of the proteolytic activity was defined
as the amount of the enzyme which during 5 min. at 30° degraded 20 pg. of casein
to products not reacting with tannin. This corresponded to the activity of 1 pg.
of protein of the trypsin preparation of Merck. One unit of the trypsin inhibitor
activity was defined as the amount of protein which inhibits the activity of 1 pg.
of protein of the trypsin preparation.

Reagents. Trypsin (Merck A. G., Darmstadt, Germany), activity 20 000 Fuld-
-Gross units/g.; white soluble casein (British Drug Houses, Poole, England); tannic
acid (Politechnika Slaska, Gliwice, Poland) commercial preparation was checked
for the content of pentadigalloyloglucose by ethyl acetate extraction according
to Armitage et al. (1961) and by paper electrophoresis according to Mejbaum-
-Katzenellenbogen & Kudrewicz-Hubicka (1966).

RESULTS

The inhibition of trypsin activity by the aqueous extract from rye seeds is shown
in Fig. 1. The rate of casein degradation decreased with the increasing amount
of seed protein in the incubation mixture. With a tenfold excess of extract protein
in relation to trypsin, the rate of the reaction was inhibited by a half. The effect
of the seed extract on the time-course of casein degradation by trypsin is shown
in Fig. 2. During 30 min. of incubation the inhibitory activity of the seed extract
remained unaltered; this indicates that the inhibitor is resistant to digestion by
trypsin.

The trypsin inhibitor from rye seeds was extracted with water, with 0.99, so-
lution of NaCl, and 1% solution of acetic acid. It was not soluble in 5% solution
of trichloroacetic acid or 0.15 M-sulphosalicylic acid (Table 1). The same amounts
of the inhibitor were extracted with water and with sodium chloride, but as the
NaCl extract contained more protein, the activity of the inhibitor per milligram
protein was lower.
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Fig. 1. The effect of concentration of proteins of aqueous extract from rye seeds on the rate of casein
degradation by trypsin. The incubation mixture contained in 1 ml.: 80 pg. of casein in 0.1 M-Na,
K-phosphate buffer, pH 7.6; 1 ug. of trypsin, and increasing amounts of seed extract protein.
After 5 min. at 30° the reaction was stopped by adding 1 ml. of the tannin reagent, which started
the assay of protein.
Fig. 2. Time-course of casein degradation by trypsin: (©), without the inhibitor; (@), with the
inhibitor added. The incubation mixture contained in 1 ml.: 2.5 mg. of casein in 0.1 M-Na,K-phos-
phate buffer, pH 7.6, and 5 pg. of trypsin; in expt. (@), 50 pg. of protein of the aqueous extract
from seeds was present. The incubation was at 30°. The reaction was stopped by adding 9 ml. of
0.3 N-HCI. The results are calculated per 1 ml. of the incubation mixture.
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Fig. 3. Time-course of casein degradation by rye protease. The incubation mixture contained in

1 ml.: 80 pg. of casein in 0.1 M-Na,K-phosphate buffer, pH 7.6, and 1 pg. of protein of the 0.5 - 1.0

ammonium sulphate sat. precipitate. The incubation was at 30°. The reaction was stopped by adding
1 ml. of the tannin reagent.

Fig. 4. Protein in the aqueous extract and trypsin inhibitor activity in rye seeds during imbibition

and early phase of germination. Samples of the seed, 1g., were germinated on soft filter paper

in Petri dishes at 18 - 20°, and after the indicated periods weighed and ground with a tenfold volume

of water for 1 hr. In the extract, (), the content of protein and ( @), the inhibitor activity were
determined. The results are expressed per 100 mg. of air-dry material.
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392 A. POLANOWSKI [4]

Table 1

Extraction of the trypsin inhibitor activity from rye seeds

Samples of ground seeds, 1 g., were extracted for 1 hr. with 10 ml. of the indicated solvent. The
inhibitor activity was determined as described in Methods.

Protein extracted Inhibitor activity

Extraction with from 100 g. of seeds | (units/100 g. | (units/mg.

(g) of seeds) | of protein)
Water 1.36 48 000 35
Sodium chloride, 0.9% 2.45 49 000 20
Acetic acid, 1% 1.00 35000 35
Trichloroacetic acid, 5% 0.42 0 0
Sulphosalicylic acid, 0.15 m 0.47 0 0

Table 2

Adsorption of seed extract proteins on seed coats

Rye seed coats washed free of protein, 1 g., were equilibrated with water or 0.05 M-sodium acetate

buffer of pH 4.5, for 24 hr. After centrifuging, the seed coats were mixed with 3 ml. of aqueous

seed extract, left for 6 hr., then in the supernatant the content of protein, trypsin inhibitor activity
and proteolytic activity toward casein were determined.

) Before adsorption After adsorption
Trypsin | Proteo- Trypsin | Proteo-
Adsorption medium Protein | inhibitor | lytic | proyey | inhibitor | - lytic
(mg.) activity | activity (mg.) activity | activity
s (units/mg.| (units/mg. (units/mg.| (units/mg.
of protein) of protein) of protein) of protein)
Water 3.6 45 0 2.6 0 [ 0
0.05 m-acetate buffer, | !
pH 4.5 3.6 45 0 | 23 0 40

The aqueous extract from 1 g. of air-dry seeds contained 14 - 16 mg. of protein,
possessing inhibitor activity of 35 - 50 units/mg. Heating of the extract at 75° re-
sulted in a gradual coagulation of the protein and loss of inhibitor activity. After
25 min. of heating, about 25% of the protein was precipitated, and the inhibitor
was completely inactivated.

When the proteins of the extract were submitted to paper electrophoresis in
0.05 M-sodium acetate buffer, pH 4.5, only 609 could be eluted with 0.2 M-phos-
phate buffer, pH 7.6. In the eluate, no inhibitor activity was detected, but distinct
proteolytic activity was found to appear. Twenty pg. of the protein of the eluate
possessed an activity corresponding to 1 pg. of the trypsin preparation. The same
results were obtained when the extract was treated with Whatman chromatographic
cellulose equilibrated with 0.05 M-sodium acetate buffer, pH 4.5. After 6 hr. about
309% of the protein became adsorbed; the supernatant contained no inhibitory acti-
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151 TRYPSIN INHIBITOR 393

vity, and at the same time proteolytic activity appeared. The attempts at eluting
the inhibitor from the cellulose with different solvents were unsuccessful.

As cellulose is the main constituent of the cell wall and of seed coat, for adsorp-
tion of the inhibitor purified seed coats were applied. The seed extract after treat-
ment with seed coats equilibrated with water, contained neither inhibitory nor
proteolytic activity, whereas after treatment with seed coats equilibrated with
a buffer of pH 4.5, it lost the trypsin inhibitor activity but showed proteolytic acti-
vity (Table 2). Attempts to elute the proteins adsorbed on seed coats were unsuc-
cessful.

The above results indicated that at pH 4.5 the complex of the proteolytic enzyme
with the inhibitor dissociated. Therefore ammonium sulphate fractionation was
performed at pH 4.5 (Table 3). When the extract was brought to pH 4.5, a preci-
pitate appeared which contained about a half of the protein material. From the
protein remaining in the supernatant, 709 was precipitated at 0.5 ammonium
sulphate saturation and it contained the whole trypsin inhibitor activity of the
extract. The proteolytic activity remained in the supernatant. The course of di-
gestion of casein by rye protease is shown in Fig. 3.

Table 3

Separation of the inhibitor and protease from rye seeds

Aqueous extract from ground seeds was brought to pH 4.5 with 0.1 and 0.01 N-HCI, left for
12 - 14 hr. at 4°, then centrifuged for 15 min. at 10 000 rev./min. To the supernatant, heated to
18°, ammonium sulphate in substantia was added gradually to 0.5 saturation. After 2 hr., the preci-
pitated protein was centrifuged and dissolved in 0.9% NaCl solution. The supernatant was saturated
with ammonium sulphate, left for 2 hr., then centrifuged and the protein dissolved in water.

; Protein Trypsin inhibitor Protease
‘ : ‘(‘y of ex- . 3 : &
Preparation (mg./g. 9 (units/g. | (units/mg.| (units/g. | (units/mg.
of seeds) tract?d of seeds) |of protein)| of seeds) |of protein)
} protein)
Aqueous extract 13.1 100 448 37 0 0
pH 4.5 supernatant 6.9 52.5 414 60 0 0
Ppt. at 0.5 ammonium
sulphate sat. 4.8 36.5 439 91 0 0
| Ppt. at 0.5-1.0 ammo-
i nium sulphate sat. 2 15 0 0 414 200

The separated inhibitor was able to react again with the proteolytic enzyme.
On addition of 10 p.g. of the globulin fraction to the incubation mixture containing
1 pg. of the albumin fraction, the activity of protease was completely inhibited.
The inhibitor was resistant to digestion by seed protease as well as by trypsin.

To locate the inhibitor in the seed, the germ, endosperm and seed coat (together
with the aleurone layer) were isolated, ground and assayed. The amounts of protein
extracted with water from the particular parts of the seed, as well as the trypsin
inhibitor activity, are presented in Table 4. The greatest amount of water-soluble
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394 A. POLANOWSKI [6]

proteins was found in the germ and in the aleurone layer. In the endosperm, the
amount of water-soluble proteins per gram was almost the same as in the whole
seed. The trypsin inhibitor was found only in the endosperm.

Table 4

Distribution of the trypsin inhibitor activity in rye seeds

Protein Trypsin inhibitor

Aqueous extract from 3 :
% of dry wt.) |(units/mg. of protein)|

| Whole seed 1.56 45
| Germ 8.60 0
| Seed coat (with aleurone
layer) 2.85 0
: Endosperm 1.45 50 |

Changes in the content of water-soluble protein and of trypsin inhibitor activity
during imbibition of seed and in the early phase of germination, are shown in Fig. 4.
A gradual decrease in the amount of water-soluble protein was accompanied by
a rapid decrease of inhibitor activity. After about 56 hr. of germination, aqueous
extracts exhibited no inhibitor activity. The amount of protein extracted with water
decreased during this time by about 309,. This could by caused by degradation
of protein to products not reacting with tannin, or by loss of protein solubility.

DISCUSSION

In the aqueous extract the protein of rye seeds did not undergo autolysis and
no proteolytic activity toward casein was observed. The extract was found to contain
a trypsin inhibitor of protein character, as judged by its thermolability, insolubility
in 5% trichloroacetic acid and 0.15 M-sulphosalicylic acid, and formation of pre-
cipitate with tannin. The aqueous extract, after treatment with cellulose at pH 4.5,
lost the inhibitor activity, and in the eluate appeared the proteolytic activity. This
indicates the presence in rye seeds of a complex of protease with the inhibitor, which
dissociates at pH 4.5. The affinity of the inhibitor to cellulose, which in plants is
the structural material of cell walls, may indicate the physiological role of cellulose
cell structures in activation of the enzyme-inhibitor complex.

The inhibitor from rye seeds does not require preincubation to form the inactive
complex with trypsin, and it is not digested by trypsin. Similar properties were
observed in the majority of the so far described natural trypsin inhibitors, excepting
ovomucoid (Gorini & Audrain, 1952, 1953) and pancreatic inhibitor of Kazal
(Laskowski & Wu, 1953) which are digested by trypsin and therefore their com-
plexes are unstable, and the pancreatic inhibitor of Kunitz & Northrop (1936)
which requires preincubation to form an inactive complex (Green & Work, 1953).

Engeln & Heins (1947) who studied the distribution of proteolytic enzymes
in cereal seeds, found that the endosperm contained no proteases, or their activity
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71 TRYPSIN INHIBITOR 395

was so low that it could not be detected. The results of the present work explain
to some extent why in the endosperm of the seed the proteolytic activity could
not be detected. The enzyme is bound to the inhibitor, and the proteolytic activity
can be demonstrated only when the complex is dissociated and the two compo-
nents separated. The mechanism of activation may be regulated by physico-chemical
changes occurring during after-ripening of seeds. Mori (1944) observed that during
storage the acidity of the seed increased. In freshly harvested seed the pH was 6.5,
whereas after a period of storage it decreased to about pH 4. Under these conditions,
the enzyme-inhibitor complex present during anabiosis of the seed, dissociates.
Internal translocation of the components may be facilitated by increased water
content during the imbibition phase, and the inhibitor may diffuse toward the
external layers of the seed where it becomes adsorbed on cellulose of the seed coats.

The autor wishes to express his gratitude to Prof. Dr. Wanda Mejbaum-Katze-
nellenbogen for her interest and guidance in this work and help in the preparation
of the manuscript.
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INHIBITOR TRYPSYNY Z ZIARN ZYTA

Streszczenie

1. W biatkach wyciagéw wodnych z ziarn zyta wykazano aktywnos$¢ antytrypsynowa.

2. Bialka wyciagu po adsorpcji na celulozie lub wypreparowanych okrywach nasiennych
w pH 4,5 traca aktywnos$¢ antytrypsynowa, a w eluatach pojawia si¢ aktywnos$¢ proteolityczna,
ktérej nie mozna bylo wykazaé w wyciagach.

3. Aktywnos¢ inhibitorowa i proteolityczna rozdzielono po dysocjacji w pH 4,5 przy pomocy
siarczanu amonu.

4. Pecznienie oraz wczesna faze kielkowania ziarna cechuje gwaltowne obnizanie si¢ aktyw-
nosci antytrypsynowej.

Received 12 January, 1967.
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L. NOWAK and W. SZER

SYNTHETIC POLYRIBONUCLEOTIDE ATTACHMENT
TO BACTERIAL RIBOSOMES

Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Warszawa 12

1. Poly-5,6-dihydrouridylic acid and poly-N-methyluridylic acid which do not form
complexes with poly-adenylic acid and are not active as templates in the RNA-polymerase
system and in the amino acid incorporating system, are capable of binding ribosomes in
a manner similar to poly-uridylic acid. The template inactive polymers and poly-uridylic
acid are attached to the same ribosomal binding sites. 2. Poly-ribothymidylic acid which
forms complexes with poly-adenylic acid and is active as messenger, binds ribosomes at
temperatures above its ordered state - random coil transition. 3. The foregoing testifies
to the non-essentiality of the base in the process of synthetic messenger - ribosomal inter-
action and stresses the significance of polymer conformation.

The association of 70s ribosomal particles and m-RNA! is a prerequisite of
protein synthesis (Spyrides & Lipmann, 1962). The nature of this binding, forces
responsible for it, and the mechanism of polysome formation are still unclear.
The interaction of extracted ribosomal RNA with synthetic polyribonucleotides
has been shown to depend upon the availability of unbound bases in the
polynucleotide and in the r-RNA, and to proceed through complementary
base-pairing regardless of whether the r-RNA was derived from the 50s or the 30s
subunit (Millar, Cukier & Nirenberg, 1965). The interaction of intact ribosomes
appears to proceed by a different mechanism. Binding occurs at a Mg2+ concen-
tration not less than 51073 M and only the 30s subunit is involved. No enzymic
factor or energy source has been demonstrated to be required. Any kind of de-
viation from a random coil configuration of the synthetic messenger causes strong
inhibition of the association process (Takanami & Okamoto, 1963a). The use of
intact ribosomes in the study of m-RNA - ribosome interaction seems to offer
a more promising approach than the use of ribosomal RNA since it avoids the
possibility of random complex formation between the two interacting RNA species.

1 Abbreviations used in this text: m-RNA, messenger RNA ; r-RNA, ribosomal RNA ; poly-U,
poly-uridylic acid; poly-N-MeU, poly-3-methyluridylic acid; poly-DHU, poly-5,6-dihydro-uridylic
acid; poly-DHU-U(7 : 3), a copolymer containing 5,6-dihydrouridylic acid and uridylic acid in
the proportion indicated; poly-rT, poly-ribothymidylic acid; poly-A, poly-adenylic acid; Tm,
midpoint of temperature profile.
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398 L. NOWAK and W. SZBER [2]

An attempt was made to investigate this problem employing model poly-ribo-
nucleotides, analogues of poly-U, with a priori well defined self-pairing, comple-
mentary base-pairing and template properties, and to correlate the above properties
with the ability to interact with ribosomal particles. The following 4C-labelled
polynucleotides were synthesized: poly-N-MeU, poly-DHU and its copolymers
with poly-U, and poly-rT. Their interaction with E. coli 70s ribosomes was investi-
gated by means of sucrose gradient centrifugation. The analogues chosen, along
with [14C]poly-U, represent a set of polymers which, while chemically closely related,
differ among themselves in their structural properties and functional behaviour.
Both poly-DHU and poly-N-MeU possess a random coil configuration under any
conditions, do not form complexes with poly-A (although each for different reasons)
and do not promote the incorporation of phenylalanine into acid-insoluble products
in the cell-free system (Cerutti, Miles & Frazier, 1966; Szer & Shugar, 1961; Rot-
man & Cerutti, 1966; Wahba et al., 1963). Also, poly-N-MeU does not serve as
a template for poly-A synthesis in the RNA-polymerase system (Krakow & Ochoa,
1963). Yet, both poly-DHU and poly-N-MeU when mixed with ribosomes give
optical density - radioactivity distribution patterns along the gradient similar to
those of poly-U, the latter’s interaction with ribosome being used as a reference
system. Neither the attachment to 70s particles, nor the formation of heavier poly-
somal particles are affected despite the changes in the base moiety. In contrast
to the former polymers, poly-rT attains a rigid, double helix-like ordered state with
a sharp, temperature induced transition at 34° in 1073 M-Mg2*; it forms a complex
with poly-A with a T, about 20° higher than that formed by poly-U with poly-A
(Szer, Swierkowski & Shugar, 1963) and is capable of promoting the synthesis
of polyphenylalanine in the cell-free system above about 30° (Szer & Ochoa, 1964).
Poly-rT is active as a template in the RNA-polymerase system (Krakow, Szer &
Ochoa, unpublished results). The binding of [4C]poly-rT to ribosomes was
found to be temperature dependent, i.e. the polymer becomes attached above a cri-
tical temperature consistently with its ordered state - random coil transition.

A single-stranded helix type of structure, e.g. that currently believed to occur
in the neutral form of poly-A (Leng & Felsenfeld, 1966) and likely to be encompassed
in part in m-RNA, is not represented by any of the polymers tested. Other obvious
limitations of the employed approach concern the model nature of the polymers
and, particularly, the absence of specific initial attachment sites, which presumably
occur in natural m-RNA at the starting point of the translation process (Takanami,
Yan & Jukes, 1965).

MATERIALS AND METHODS

E. coli strain B was grown in a medium containing 0.5% glucose, 0.5%, yeast
extract (Difco, Detroit, Mich.) 0.5% Casamino acids (Difco), 0.12 M-Na,HPOy,
0.12 M-KH,POy4, pH 7.0. Cells were harvested during early logarithmic phase and the
S-30 fraction was isolated and preincubated according to Nirenberg & Matthaei (1961).
The ribosomal fraction was then prepared and washed twice after Lengyel, Speyer
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3] POLYRIBONUCLEOTIDE ATTACHMENT TO RIBOSOMES 399

& Ochoa (1961). The ribosomal pellet was resuspended in 0.01 M-tris, pH 7.6,
containing 0.25 mM-magnesium acetate - 6 mM-mercaptoethanol and dialysed against
this buffer for 12 hr. at 4°. The magnesium acetate concentration was raised to
5 mMm and dialysis was continued for another 12 hr. Thus prepared ribosomes were
divided into portions and stored on solid CO, for up to three weeks. Protein con-
centration was estimated by the method of Lowry, Rosebrough, Farr & Randall
(1951). Each fresh batch of ribosomes was tested for its ability to associate with
[14C]poly-U prior to experiments with the artificial polymecs.

14C-Labelled 5’-nucleoside pyrophosphates were synthesized by the following
methods. 5’-rTDP was prepared from commercial [14C]ribosethymine (Calbiochem,
Luzerna, Switzerland). 50 pyc of ribosethymine (17 mc/m-mole) was diluted to sp.
act. 0.02 with unlabelled ribosethymine (Calbiochem.) and a stepwise synthesis
was carried out through the 2’,3'-isopropylidene derivative, and the 5’-monophos-
phate as described in detail for non-radioactive 5-rTDP (Szer et al., 1963). 14C-La-
belled 5'-N-MeUDP was obtained starting from commercial [14Cluridine (Amersham
Centre, Buckinghamshire, England). 100 pc of uridine (243 mc/m-mole) was diluted
to sp. act. 0.02 with unlabelled uridine (Light Co., Colnbrook, England) and a step-
wise synthesis was carried out through the 2’,3'-isopropylidene derivative, the
N-methyl derivative and the 5’-monophosphate as described earlier for unlabel-
led 5-N-MeUDP (Szer & Shugar, 1961). [4C]JUDP (7.78 mc/m-mole) was
a commercial product (Schwartz Bioresearch, Orangeburg, N.Y.). It was
diluted prior to polymerization with unlabelled UDP (Calbiochem.) to sp.
act. 0.02. Labelled nucleoside 5’-pyrophosphates were polymerized with Azoto-
bacter vinelandii polynucleotide phosphorylase under standard conditions (Ba-
silio & Ochoa, 1963) and isolated as described elsewhere (Szer & Ochoa, 1964).
Poly-DHU and a copolymer containing DHU-U residues at a ratio of 7 : 3 were
obtained by photochemical reduction of [4C]poly-U as first described for the
unlabelled polymer by Cerutti, Ikeda & Witkop (1965). In order to remove possible
short fragments, polymers were dissolved prior to use in 2 M-KCI at a concentration
of about 3 -5 mg./ml. and precipitated with one-third volume of ethanol at -15°
After two washings with 909, ethanol the precipitate was dissolved in minimum
water and dialysed twice for 3 hr. against glass-distilled water. Thus prepared po-
lymers were stored in solution at -60° in small portions. The concentrations of
polymer solutions were estimated spectrophotometrically. The distribution pattern
of [14C]poly-U alone along the gradient is shown in Fig. 1d. All the other polymers
gave similar patterns, first traces of radioactivity making their appearance in the
17th - 18th tube, near the meniscus. A low background (less than 2 counts/min.)
Nuclear-Chicago gas-flow counting system was used.

Sucrose gradient centrifugation, fractionation and analysis of the fractions for
absorption and radioactivity distribution were performed by routine methods
(e.g. Takanami & Okamoto, 1963a). Twenty three fractions were usually collected.
A 5 to 209 linear gradient was used throughout in 0.01 M-tris, pH 7.6, containing
5 mM-magnesium acetate. Centrifugation was carried out for 2hr. at 100000 g
using Spinco rotor SW39 at rotor temperature about 5°, unless otherwise specified
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in the text. A 0.2ml. sample containing from 0.25 to 1.0 mg. of ribosomes and
an appropriate amount of polymer was preincubated 10 min. at 20°, unless otherwise
described in legends to Figures, and was layered on the top of a prechilled gradient.
Several mixing ratios of polymer : ribosome from 1 : 30 to 1 : 200 (by weight) were
tested. Decreasing the proportion of polymer relative to ribosomes shifted somewhat
the distribution of radioactivity toward the polysomal region, as observed earlier
by Takanami & Okamoto (1963a); in none of our experiments, however, did we
find a shift of two-thirds of the ribosomes to the “heavy’’ region, amounting to an
almost total disappearance of the principal 70s and 100s peaks, as observed by these
authors. A significant change in the distribution pattern of ribosomes manifested
in the 260 my. absorption profile of the gradient would greatly facilitate the expe-
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Fig. 1. Sedimentation analysis of ribosomes and polymers in a sucrose gradient (5 - 20%). a, Ri-
bosomes (0.25 mg.) after dissociation into subunits (at 0.25 mm-Mg2+); centrifugation for 3 hr.
at 35000 rev./min. b, Reformed ribosomes (0.25 mg., at 5 mM-Mg2+); centrifugation as in a.
¢, Reformed ribosomes (0.20 mg., at 5 mm-Mg2*); centrifugation for 2 hr. at 30 000 rev./min.
Centrifugation of mixtures of polymers and ribosomes (cf. Figs. 2, 3 and 5) was carried out under
these conditions. d, [14C]Poly-U (30 pg., 0.02 mc/m-mole); centrifugation for 2 hr. at 30 000 rev./min.
All other [14C]polymers employed were run alone in the gradient and gave the same patterns.
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rimental procedure since the employment of radioactive polymers might have
been avoided in some instances. We therefore attempted to obtain such a system
varying the conditions of bacterial growth by impoverishing the medium, prolonging
preincubation periods of the S-30 fraction to remove endogenous m-RNA, and
increasing the time of dissociation and recombination of ribosomal subunits. In
all instances the distribution of radioactivity and absorption along the gradient
were similar to the results obtained by Spyrides & Lipmann (1962) and Baron-
des & Nirenberg (1962). Experiments described in the next paragraph were performed
at a polymer : ribosomes mixing ratio of 1 : 30 by weight. The patterns of ribosomes
alone in 0.25 mmM-Mg2* and 5 mM-Mg2* are shown in Fig. 1a and 1b, respectively.
Other details are given in legends to Figures. Incorporation of [l14Clamino acids
into the insoluble fraction was assayed by described methods (e.g. Szer & Ochoa,
1964). 14C-Labelled phenylalanine, leucine, valine, serine, tyrosine and alanine
(Schwartz, Orangeburg, N.Y.) of specific radioactivity (mc/m-mole) 2.5, 2.0, 2.5,
10.0, 10.0, 2.5, respectively, were used.

RESULTS

The interaction of m-RNA, natural or synthetic, with ribosomes is conveniently
studied by sucrose density gradient technique. The distribution of radioactivity
along the gradient is indicative of the synthetic polymer attachment to the 70s - 100s
ribosomes, as well as of the formation of heavier polysomal particles. The pre-
incubation procedure (Nirenberg & Matthaei, 1961) and the dissoeiation of 70s
particles into 50s and 30s subunits with subsequent recombination, serve to remove
residual pieces of endogenous m-RNA still attached to ribosomes (Takanami &
Okamoto, 1963a) and to facilitate the binding of exogenous messenger. Fig. 2a
presents the interaction of [!4CJpoly-U with ribosomes. Poly-U is widely used as
a reference polymer in binding studies. Its interaction with ribosomes is much stronger
than that of other polyribonucleotides, and it easily forms polysomes within a tem-
perature range from 8° to 37° (Moore, 1966a; Logan & Whitmore, 1966). Fig. 2b
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Fig. 2. Sedimentation analysis of mixtures of ribosomes and polymers, as indicated in the drawings.
Centrifugation as in Fig. lc. For details see Materials and Methods.
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and 2c show representative examples of poly-DHU-U(7 : 3) and poly-DHU binding
to ribosomes. It will be seen that the general pattern of absorption and radio-
activity distribution along the gradient is similar to that in Fig. 2a. In several binding
experiments, however, in which different batches of ribosomes were employed,
we have repeatedly observed a somewhat diminished binding capacity of the hydro-
genated polymers as compared to poly-U. The amount of radioactivity found near
the bottom, i.e. in the polysomal region, was reduced. The decrease in polysome
forming capacity may possibly be attributed to a decrease in the polymer chain
length due to the hydrogenation procedure. It is recalled that a single ribosome
binds strongly, and renders ribonuclease-resistant, a poly-U fragment containing
an average of 25 to 30 nucleotides (Takanami & Zubay, 1964). Alternative expla-
nations of the diminished polysome forming capacity are possible, but in view
of the exchange experiments described below, it does not seem likely that the base
modification is essential.

The positive outcome of binding experiments with hydrogenated polymers
raised the question whether poly-U and poly-DHU are attached to the same ribo-
somal binding sites. Moore (1966a) has demonstrated that the association of poly-U
and poly-C with ribosomes is mutually exclusive, and that the two polymers com-
pete for the same binding sites. Poly-U is very effective in binding and can displace
a part of bound poly-C. We have performed displacement experiments using sub-
sequently non-labelled poly-DHU-U(7 :3) plus [“C]poly-U, and non-labelled
poly-U plus [4Clpoly-DHU-U(7 : 3). Ribosomes were first preincubated with an
excess of non-labelled poly-DHU-U(7 : 3); under these conditions all available
binding sites were saturated and the formation of complexes containing no more
than one or very few ribosomes per polymer molecule (monosomes) was favoured.
Ribosomes preincubated in this way were indeed not capable of polysome formation
upon subsequent addition of small amounts of [14C]poly-U (Fig. 3a). It is also
clear from Fig. 3a that the [14C]poly-U added was hardly capable of displacing the

100
a 1 1
04}

0 o)
2 [~
2 ¢
8 S
W02 =

=1

3

Tube no

Fig. 3. Competition between poly-U and poly-DHU-U(7 : 3) for ribosomal binding. a, Ribosomes

(0.2 mg.) were preincubated 10 min. at 20° with unlabelled poly-DHU-U(7: 3) (14 pg.), [14C]poly-U

(6 pg.) was added and incubation continued for 10 min. Centrifugation as in Fig. 1c. b, Ribosomes

(0.2 mg.) were preincubated with unlabelled poly-U (28 pg.), and [14Clpoly-DHU-U(7 : 3) (6 p.g.)
was added. Other details as in a.
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hydrogenated polymer. Only a trace of radioactivity (cf. Fig. 2a) is seen in the mono-
somal region of the gradient, indicating some exchange between the two polymers.
The same experiment was then repeated using an excess of unlabelled poly-U for
preincubation with the subsequent addition of a small amount of [14Clpoly-DHU-U
(7 : 3); it will be seen from Fig. 3b that nearly the same pattern was obtained. We
therefore conclude that the two polymers are attached to the same binding sites.
Moreover, since neither polymer can displace the other one from the complex, their
affinity for binding ribosomes is presumably of the same order, quite unlike that
of poly-U versus poly-C.

Kinetic experiments on amino acid incorporation in a cell-free system have been
also employed to demonstrate that the ribosome has the same binding site for
various polymers. Haselkorn & Fried (1964) have shown that if poly-U and poly-C
are present in the same system, phenylalanine is incorporated in preference to pro-
line. This is most plausibly explained in terms of a ribosomal preference for binding
poly-U. Poly-DHU lacks messenger activity and, although the binding properties
of both polymers appear to be similar, one may anticipate that the addition of
s-RNA and the supernatant fraction will considerably enhance the affinity of poly-U
to ribosomes (Hatfield, 1965; Suzuka, Kaji & Kaji, 1966) but not that of poly-DHU.
We have, however, carefully examined the initial period of phenylalanine incor-
poration in the presence of poly-DHU-U(7 : 3). In four consecutive experiments
we have found the initial rate of poly-U directed phenylalanine incorporation
somewhat diminished in the presence of poly-DHU-U(7 : 3) relative to controls
without the hydrogenated polymer (Fig. 4). The inhibition was observed only
during the first 2 to 5 min.; it ranged from 25 to 65% and was more pronounced
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Fig. 4. Time-course of poly-U dependent phenylalanine incorporation: (©), in the presence of

poly-DHU-U(7 : 3); (@), control without poly-DHU-U(7 : 3). 0.75ml. of the standard incor-

porating mixture (containing 1.5 mg. ribosomal protein) was incubated for 5 min. at 37° with 12 pg.

poly-DHU-U(7 : 3) prior to the addition of 66 pg. poly-U. A control was preincubated without

poly-DHU-U(7 : 3). 0.2 ml. samples were withdrawn at time intervals indicated 'and assayed for
phenylalanine incorporation.
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with old (4-5 weeks stored) than with freshly isolated ribosomal preparations.
Unexpectedly, a higher level of total incorporation (after 15 - 20 min.) was obtained
in all cases when poly-DHU-U(7 : 3) was present in the system. No immediate
explanation for this phenomenon is forthcoming. It is possible that the life-time
of poly-U is somewhat prolonged in the presence of an additional substrate available
for nucleolytic enzymes.

Parallel to the binding studies with the hydrogenated polymers we have tested
their ability to promote phenylalanine incorporation in the cell-free system. We
have also assayed a number of other amino acids, including those containing two
U’s in their respective codons. Neither phenylalanine, nor any of the amino acids
tested were incorporated. During the course of this investigation several papers
appeared dealing with the same problem (Rotman & Cerutti, 1966, Smrt, Skoda,
Lisy & Sorm, 1966) and it was convincingly demonstrated that 5,6-dihydrouracil
does not replace uracil or any other base in coding. We will therefore not repeat
the details of our experiments, since they fully confirm the results of the foregoing
authors.

The interaction of poly-N-MeU with ribosomes is shown in Fig. 5c; it is evident
that N-methylation does not affect the ribosome-binding and polysome-forming
capacity of the polymer. The interaction of poly-rT with ribosomes proved to be
temperature-dependent (Fig. 5a and 5b). At 37° poly-rT exhibited a good ribosome-
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Fig. 5. Sedimentation analysis of mixtures of ribosomes and polymers, as indicated in the drawings.

For details see Materials and Methods. Centrifugation for 2 hr. at 30 000 rev./min., except for b

where preincubation was carried out at 37° for 10 min. and centrifugation for 1 hr. at 30 000 rev./min.,
rotor temperature 26°.

-binding and polysome-forming capacity; at lower temperatures when the polymer
becomes ordered, its ability to bind ribosomes is sharply reduced. Some radio-
activity still present in the 70s - 100s region (cf. Fig. 5a) can be possibly explained
by the presence of short, unstructured fragments. Such fragments may be present
in the rather polydisperse polymer preparation, or may result from degradation
by ribosomal nucleases during the experiment. The lack of messenger activity ex-
hibited by poly-rT below 30° (Szer & Ochoa, 1964) should be apparently attributed
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to the interference of its ordered state with ribosomal attachment whereas the total
lack of messenger activity of poly-N-MeU (Wahba et al., 1963) is a result of later
events, conceivably the lack of interaction at the codon-anticodon level.

DISCUSSION

Some remarks with respect to polymers containing non-complementary bases,
N-methyluracil and 5,6-dihydrouracil, may be pertinent to this discussion. Poly-
-N-MeU does not form an ordered state under any conditions, nor is it capable
of entering the twin stranded complex with poly-A. Steric hindrance of the N-methyl
group is the most probable reason preventing any interaction in both instances.
The inability of poly-DHU to complex with poly-A should be explained in quite
different terms. It may be assumed that lack of aromaticity affects stacking of bases
and weakens short range forces between them. Nevertheless, the two polymers form
complexes with ribosomes at a minimum Mg2" concentration required for the
binding of poly-U. Displacement and kinetic experiments described in the preceding
paragraph demonstrate that polymers, both active and inactive as templates, occupy
the same ribosomal binding sites. This indicates clearly that the base moiety does
not have any direct role in polynucleotide attachment to ribosomes and, hence,
complementary base pairing as a source of this interaction is ruled out. This limits
the number of alternatives but gives no positive indication as to what might be
responsible for binding. Several investigators have proposed cationic bridges holding
together phosphate groups on different molecules (for review see Watson, 1965).
Moore (1966a) observed recently that the difference in size between such cations
as Mg2* and spermidine, both active in binding, makes this idea doubtful. On the
other hand, if it is assumed that cations serve in this interaction only to neutralize
the backbone charges, then they would permit close approach of the ribosome
and m-RNA, but not binding. Yet, the reversibility of the binary m-RNA - ribosome
complex upon divalent cation concentration changes in bacterial systems, suggests
the involvement of secondary, cation-dependent forces and, thus, the participation
of the phosphate groups, one way or another, is obligatory. Intermolecular hydrogen
bonding derived from the 2’-OH group has been advanced recently by Arnott
et al. (1966) as a possible factor. It should be recalled, however, that single-stranded
DNA is also capable of association with ribosomes (Takanami & Okamoto, 1963b).
Since neither the base nor sugar moieties appear to matter, the phosphate group
remains as the most plausible site of interaction.

On the ribosomal side, the mere fact that the 30s subunit is active while the 50s
is not, indicates that some features of ribosomal tertiary structure are involved.
From the point of ribosomal groups essential for binding at least two possibilities
are to be considered: amino groups of basic ribosomal protein or ribosomal RNA
amino groups. A number of basic proteins, natural and synthetic, have been shown
in model investigations to bind effectively polynucleotide phosphate and to render
the bound fragment less susceptible to ribonuclease digestion (cf. Sober, Schlossman,
Yaron, Latt & Rushizky, 1966). The affinity of a polyvalent cation for binding
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polynucleotide phosphate increases with an increase in the number of positively
charged groups per molecule (Felsenfeld, 1962; Szer, 1966). For instance, polylysine
is known to displace quantitatively divalent metal ions from polynucleotides (Fel-
senfeld, 1962). While this appears an attractive idea, recent experimental evidence
points rather to r-RNA amino groups as being responsible for the interaction with
m-RNA. Moore (1966b) investigated the effect of selective chemical pretreatment
of ribosomes on their binding activity. He demonstrated that reagents affecting
r-RNA amino groups destroy the binding capacity whereas dinitrofluorobenzen,
an amine reagent assumed to react only with ribosomal protein, has no effect.
This undoubtedly constitutes important evidence but it appears to us that chemical
pretreatment might also affect some unknown features of ribosomal structure.
An unambiguous identification of binding sites and chemical groups directly involved
in binding m-RNA requires further clarification of the structure of ribosomes and
their subunits.

Experiments on the temperature-dependent binding of poly-rT to ribosomes
give strong support to the already expressed view that polymer configuration is
a factor of primary importance in this interaction (Takanami & Okamoto, 1963).
Above 35° poly-rT behaves as a random coil while below its Ty, it exhibits properties
typical of a double helix-like structure (Szer, 1966) and is almost inactive in binding.
It has been shown elsewhere (Szer & Ochoa, 1964) that poly-rT replaces poly-U
in promoting polyphenylalanine synthesis but profound differences between the
behaviour of the two polymers in the E. coli system have been found. For instance,
poly-U remains a fairly active messenger on decreasing temperature to 20° while
the activity of poly-rT ceases below 30°. It is now apparent that no interaction occurs
between the ribosome and the polymer until the latter exists in the ordered state.

While the base does not appear to play any direct role in binding, it nonetheless
determines secondary structure properties of a polymer, and they, in turn, consti-
tute the key factor in determining the affinity of a given polymer for binding ribo-
somes. When the base is involved in a hydrogen bonded structure, as in poly-(A+U)
or in poly-rT, no association takes place. Poly-C, which is currently believed to
form a single stranded helix with stacked bases at neutral pH, has been recently
shown to interact with ribosomes less effectively than poly-U. It presumably binds
one ribosome per polymer molecule and is hardly capable of polysome formation
(Moore, 1966a). Taking into account that (i) the availability of the base for direct
interaction does not matter, (ii) the phosphate residue is exposed outside the helix
and is therefore available for interaction even in the ordered state, it may be con-
cluded that the main feature preventing entirely ribosomal binding is the existence
of the ordered state. By virtue of its rigid shape it cannot be accommodated on the
ribosomal surface. A single stranded helix with a less restricted configuration is
capable of forming monosomes while polymers exhibiting a random coil configu-
ration easily form polysomes regardless of the properties of their constituent bases.
The lack of mutual displacement ability by poly-U and poly-DHU supports the
view that the affinity of polynucleotides for ribosomes is closely related to con-
figurational factors.
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In conclusion, the reported results suggest strongly that the interaction of the
synthetic messenger and the ribosomal particle is unspecific in the sense that it is
not predetermined by any particular base, or base sequence.

We are indebted to Mr. A. Rabczenko for assistance with the preparation of
hydrogenated poly-U’s. This investigation has been aided by a grant from The
Jane Coffin Childs Memorial Fund for Medical Research.
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PRZYLACZANIE SYNTETYCZNYCH POLIRYBONUKLEOTYDOW
DO BAKTERYIJNYCH RYBOSOMOW ;

Streszczenie

1. Kwasy poli-5,6-dwuhydrourydylowy i poli-N-metylourydylowy, ktére nie tworza komplek-
s6w z kwasem poli-adenylowym i sa nieaktywne jako matryce w ukladzie polimerazy RNA oraz
w ukladzie syntezy bialka in virro, maja zdolno$¢ wiazania rybosoméw bakteryjnych. Obydwa
polimery przylaczaja si¢ do rybosoméw w sposéb podobny do kwasu poli-urydylowego i zajmuja
na rybosomie te same miejsca wigzace.

2. Kwas poli-5-metylourydylowy, ktéry tworzy kompleksy z kwasem poli-adenilowym i po-
siada wlasnosci matrycowe, wiaze si¢ z rybosomami w temperaturach powyzej swego przejscia
ze stanu uporzadkowanego w stan bezladnego kigbka.

3. Dane te $§wiadcza o tym, ze zasada nie bierze bezposredniego udzialu w procesie wspoél-
dzialania syntetycznego informacyjnego RNA z rybosomem; uwypuklaja one znaczenie konfor-
macji polimeru w tym procesie.

Received 20 February, 1967.
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1. Diketopiperazines and pyroglutamic acid were found to be present in the hydroly-
sates obtained by in vitro digestion of egg-white, casein and soluble soya-bean protein with
pancreatic enzymes. 2. The quantities of these compounds, as well as the structure of dike-
topiperazines depend on the kind of protein used and may account for differences observed
in the degree of utilization (after intravenous infusion) of bound amino acids of the hydro-
lysates of different proteins.

It has previously been shown that about 50% of bound amino acids of enzymic
bovine blood protein hydrolysate (used for intravenous infusion) is found in the
form of diketopiperazines and pyroglutamic acid (Bulhak & Chmielewska, 1964;
Chmielewska, Buthak & Toczko, 1966). It has been also established that these
compounds constitute the main part of so-called non-assimilable peptides of the
preparation (Chmielewska, Toczko & Szumiel, 1964). It seemed interesting to find
out to what extent the presence of this type of compounds can be related to the
reactions which accompany the hydrolysis of the protein with pancreatic enzymes,
and to what degree their quantity and composition depend on the kind of protein
used. Egg-white, casein and water-soluble soya-bean protein were chosen for the
experiments, because they are most frequently used as starting materials in pro-
duction of preparations for parenteral amino acid feeding.

EXPERIMENTAL

A sample of about 40 g. of dry denatured protein (egg-white, or casein, or so-
luble soya-bean protein), equivalent to 6 g. of nitrogen, was ground with 600 ml.
of water saturated with toluene. The suspension was adjusted to pH 7.0 and after
addition of 9 g. of minced and activated fresh porcine pancreas and about 50 ml.
of toluene left to stand for 5 days at 37°. Two further samples of 9 g. of pancreas
were added to the suspension on the second and third day of incubation. The pH
was maintained between 6.5 and 7.0. After five days the hydrolysate was adjusted
to pH 4.5, heated for 15 min. at 90°, cooled, filtered, and the solution freeze-dried.
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The hydrolysate of 27 g. of porcine pancreas in 600 ml. of water was prepared in
the same way to evaluate autodigestive processes.

The non-ampholytic amino acid derivatives (fraction I) of the hydrolysate were
isolated on an Amberlite IR-120 (H*) column and were further separated into
three subfractions: neutral, acidic and strongly-acidic (¢, b and ¢, respectively)
on Dowex 2X8 (acetate form) column, as described previously (Chmielewska et al.,
1966).

The complete acid hydrolysis was carried out in sealed ampoules in 6 N-HCI
for 20 - 24 hr. at 105 - 110°.

The alkaline hydrolysis was performed in 0.1 N-NaOH for 17 hr. at 37°. The
sample was then applied on an Amberlite TR-120 (H*) column. After washing
the column with water (effluent) the peptides were eluted with 4 N-ammonia (eluate).
The effluent and eluate were concentrated in a rotatory evaporator at 30 - 35° and
analysed.

The effluent was hydrolysed in acid and the resulting hydrolysate was used
for amino acid analysis. The peptides from the eluate were separated by high-voltage
electrophoresis in pyridine - acetic acid - water buffer, pH 6.2, as described pre-
viously (Chmielewska et al., 1966).

Amino acids in the hydrolysates of individual dipeptides were identified by
electrochromatography. The molar ratios of amino acids were determined by the
DNP-method of Levy, as described by Toczko, Szumiel & Manicki (1965).

Total nitrogen was determined by the Kjeldahl semimicromethod. Determina-
tions of amino nitrogen were carried out by the manometric ninhydrin - CO, method
of Van Slyke, MacFayden & Hamilton (1943) with the use of Thomas-Van Slyke
manometric apparatus.

Results are expressed in g. or mg. of nitrogen per 10 g. of total (sum of free
and bound) amino nitrogen of hydrolysate.

RESULTS AND DISCUSSION

In conditions of enzymic hydrolysis applied in these experiments, the egg-white
protein was digested in 929, casein in 86%, and the soya-bean protein in 77Y%,.

The quantities of different nitrogen forms in each enzymic hydrolysate and the
amino nitrogen content in subfractions a, b and ¢ are given in Table 1.

The amino nitrogen in fraction / (sum of subfractions a, b and ¢) from the hydro-
lysate of egg-white amounts to 22%, of casein to 26% and of soya-bean protein
to 139 of total bound amino nitrogen, the rest of it being found in true peptides.
The quantity of bound amino nitrogen originating from pancreas selfdigestion
amounted to not more than 2 - 49 of amino nitrogen of fraction /. This indicated
that the N-substituted amino acids, which were found in the hydrolysates, derived
from the investigated proteins.

It has been established earlier (Chmielewska et al., 1966) that under the above
described conditions of hydrolysate fractionation the subfraction a contains neutral
compounds, including all neutral diketopiperazines, whereas subfraction 5 the
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Table 1

Nitrogen forms in protein digest
For details see text.

_ } Egg-white | Casein | Soya-bean
Form of nitrogen ‘ protein

? Nitrogen (g./10g. of total amino N)
Total N 11.77 11.96 12.37
Amino N of amino acids 7.97 6.21 6.84
Bound amino N 2.03 3.79 3.16
In fraction / 0.41 1.07 0.40
In subfraction a . 0.13 0.07 0.01
In subfraction b 0.25 0.67 0.35
In subfraction ¢ 0.03 0.33 0.04

Table 2

Diketopiperazines and pyroglutamic acid in protein digest
For details see text.

|

| . " Soya-bean
Egg-whit. Casein
Subfraction Compound l o g protein

Nitrogen (mg./10 g. of total amino N)

a Neutral diketopiperazines 31 74 9
b Acidic diketopiperazines | 155 320 ‘ 120
Pyroglutamic acid j 94 352 [ 230

acidic compounds, such as pyroglutamic acid and all acidic diketopiperazines.
For that reason compounds of subfraction ¢ were not examined.

For further study, subfractions @ and b were submitted to alkaline hydrolysis,
during which diketopiperazines were split to dipeptides, and in much lesser degree
to amino acids, whereas pyroglutamic acid was not decomposed. The compounds
were then analysed and identified. The results of this analysis showed that the di-
ketopiperazines were the only components of subfraction @ of both casein and soya-
-bean protein hydrolysates, whereas the diketopiperazines in the corresponding
subfraction from egg-white accounted for only 259 of amino nitrogen of this sub-
fraction.

Subfraction b of each of the three hydrolysates proved to contain only acidic
diketopiperazines and pyroglutamic acid (Table 2). The quantities of pyroglutamic
acid and diketopiperazines in the hydrolysates varied greatly, depending on the
protein used. The ratio of amino nitrogen of diketopiperazines to the amino nitro-
gen of pyroglutamic acid was equal to 2 : 1 for egg-white, 1 : 1 for casein, and 1 : 2
for soya-bean protein. In each preparation the acidic diketopiperazines were pre-
vailing over the neutral ones.
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Proline was the main amino acid among those found in neutral diketopipera-
zines, especially in casein hydrolysate. In acidic diketopiperazines, in addition to
dicarboxylic amino acids, appreciable quantities of following amino acids were
found: serine and glycine in egg-white hydrolysate, proline and serine in the casein
hydrolysate, and glycine and proline in the soya-bean protein hydrolysate.

The structure of the main diketopiperazines from the investigated hydrolysates
is given in Scheme 1.

H,C—CH; H,C——CH,
H,C CH HC CH
\,
N Nc=0 \T/\ceo
0=C N =C ILH
NN N
CH CH; CH
1 |
i R
H,C—CH;
Compound I Compound II: R=—H

IV: R=—CH;CH,COOH

CH,O0H R,
| |
CH CH
o=c—N" \c=0 HN” \c=0
oy e |
' 0—C NH 0=C NH
N N
H,C ——CH CH
|
1
Compound 11T Compound V: Rj=—CH;COOH; R;=—CH,OH

VI: R;=—CH,CH,COOH; R;=—CH,OH
Vil: R;=—CH;CH,COOH; R,=—H
VIII: R;=—CH,CH,COOH; R,=—CHOHCH3;

Scheme 1. Structure of identified diketopiperazines.

The content of respective compounds in subfractions a, and b, as well as their
percent contribution to a given subfraction are shown in Table 3.

The egg-white hydrolysate contains considerable amounts of diketopiperazines
composed of serine and aspartic acid (compounds III and V) and of glycine and
glutamic acid (compound VII). The compounds III and V are the most charac-
teristic feature of this preparation, and are not found in the two other hydrolysates.
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5] DIKETCPIPERAZINES IN PROTEIN HYDROLYSATES 413

Table 3

Diketopiperazines in protein digest
For details see text. The results are expressed in mg. of nitrogen per 10 g. of total amino N and
as percentages of the total amino N of diketopiperazines of the respective subfraction.

| | |

| Sub- | : : : Compound |  Egg-white Casein Soya-b.ean

| frac- | Diketopiperazine | 1o * ; | protein
tion | | ) [ o) | me) | (%) | (me) | (%)

a | Total 310 | 1000 | 740 | 100.0
- Pro-Pro ‘ 1 | 54 | 174 | 414 | 559
Pro-Gly 11 [ 505" 8161 62 | 84
| Ser-Asp 11 86 | 219 ;

b | Total \ | 1550 | 1000 | 3200 | 1000 | 1200 | 100.0
Pro-Glu ‘ v | 292 188 | 1738 | 54.3 37.4 31.2
Ser-Asp [ ' H4d 28.6 ‘ {

Ser-Glu VI | 484 | 15.1 18.0 15.0
Gly-Glu VIl 462 | 298 | 172 | 54 | 430 35.8
| Thre-Glu | v 6.4 410 [ 2060 0127 | L1380 |V TS

* See Scheme 1.

Predominance of neutral and acidic diketopiperazines containing proline (compounds
I, II and IV) is a peculiarity of the casein hydrolysate. Amino nitrogen of these
compounds amounts to 629% of the total amino nitrogen of all diketopiperazines
present in this preparation. In the soya-bean protein hydrolysate the diketopipe-
razines composed of glycine and glutamic acid (compound VII) and of proline
and glutamic acid (compound IV) are prevailing.

The above presented results indicate that diketopiperazines and pyroglutamic
acid are regular components of hydrolysates obtained by in vitro digestion of protein
with pancreatic enzymes, and consequently they are present also in preparations
for intravenous infusion, produced in this way. It is likely, therefore, that the degree
of utilization of bound amino acids of a given preparation can be related to the
kind of the protein used for its production.

Our thanks are due to Mr. Jan Kanabus for the amino nitrogen determination.
This work was supported partly by the Department of Medical Sciences of the
Polish Academy of Sciences.
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DWUKETOPIPERAZYNY, NIEPRZYSWAJALNE SK{ADNIKI
ENZYMATYCZNYCH HYDROLIZATOW BIALKOWYCH
DO WLEWAN DOZYLNYCH

Streszczenie

1. Stwierdzono wyst¢powanie dwuketopiperazyn i kwasu piroglutaminowego w hydrolizatach,
otrzymanych w wyniku trawienia in vitro bialka jaja, kazeiny i rozpuszczalnych w wodzie bialek
soi enzymami trzustki.

2. Ilos¢ tych zwiazkéw, jak réwniez budowa dwuketopiperazyn zalezy od rodzaju biatka
uzytego do hydrolizy i moze by¢ przyczyna roznic w stopniu wykorzystania aminokwasoéw zwig-
zanych hydrolizatéw réznych bialek, stosowanych do wlewan dozylnych.

Received 10 March, 1967.
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1. Analysis of the product synthesized in the E. coli cell-free system under the influence
of RNA from the middle portion of silkglands of the silkworm Bombyx mori showed that
the product newly synthesized under these conditions is not sericin, a silk protein. 2. This
product was compared with those synthesized in the same system under the influence of
E. coli RNA and with no RNA added. The addition of heterologous as well as homologous
RNA to the E. coli cell-free system prompted the synthesis of proteins which, when compared
by autoradiography of tryptic peptide fingerprints, appeared to be similar to the protein
newly formed in the E. coli system. 3. It was shown by immunoprecipitation, however, that
the de novo formed proteins are immunologically different. 4. The overall findings point -
to differences between translation in vive and in vitro, and indicate that the translation in
vitro can be disturbed by addition of heterologous RNA or even of homologous RNA
to the E. coli cell-free system.

Experiments with synthetic polynucleotides as templates have led to the con-
clusion that ribosomes are non-specific structures which can synthesize protein
directed by messenger RNA (mRNA) they contain at a given moment. This idea
has been supported by investigations on the messenger role of the viral RNA in
cell-free systems. It has been demonstrated that f2 group of RNA coliphages such
as f2, R17, MS2 stimulate the synthesis of phage protein in the bacterial extracts
(Nathans, Notani, Schwartz & Zinder, 1962; Nathans, 1965; Yamazaki & Kaesberg,
1966; Capecchi, 1966; Nathans, Oeschger, Eggen & Shimura, 1966). Directed
synthesis of f2 phage coat was also reported in Euglena gracilis cell-free system
(Schwartz, Eisenstadt, Brawerman & Zinder, 1965).

Positive results were also obtained with systems from higher organisms. Arn-
stein, Cox & Hunt (1964) demonstrated that the ribosomes from rabbit reticulocytes
synthesize in vitro rabbit haemoglobin under the influence of homologous RNA.
Similar results were published by Kruh, Dreyfus & Schapira (1964) and Ganoza,
Williams & Lipmann (1965). However, many controversial results exist. The expe-
riments of Schaeffer, Favelukes & Schweet (1964) on directed haemoglobin synthesis
in the E. coli cell-free system have led to contradictory conclusions. Drach & Lingrel
(1966) proved that although one fraction of reticulocyte RNA does stimulate protein
synthesis in E. coli extracts, the de novo synthesized protein is not a globin, but
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is rather similar to the E. coli protein. Negative results were also obtained with to-
bacco mosaic virus (TMV) RNA-directed protein synthesis in E. coli system as
shown by Aach, Funatsu, Nirenberg & Fraenkel-Conrat (1964), who did not detect
the synthesis of viral coat. The experiments of Schapira, Padieu, Maleknia, Kruh &
Dreyfus (1966) also speak in favour of the limited non-specificity of ribosomes.
The authors have shown that the ribosomes of rabbit and guinea pig reticulocytes
in cross experiments with ribosome-free supernatants, synthesize two kinds of
haemoglobin: one specific for the organism the ribosomes derived from and the
other one specific for the organism the supernatant derived from.

In the work presented here, analysis of the protein synthesized in the E. coli
cell-free system under the influence of RNA from the middle portion of the silkgland
of the silkworm Bombyx mori L., is described. The analysed products have been
compared with those synthesized in the E. coli cell-free system in the presence of
homologous RNA. A part of this work has been reported at the International
Symposium on Biochemistry of Ribosomes and Messenger-RNA is Schloss Rein-
hardsbrunn, Germany, May 23 - 26, 1967.

EXPERIMENTAL

Reagents. All the chemicals used were commercial products: sodium adenosine
triphosphate (ATP), sodium guanosine triphosphate (GTP), pyruvate kinase, sodium
dodecyl sulphate (SDS) of Sigma (St. Louis, Mo., U.S.A.); deoxyribonuclease
of Worthington Biochemical Corporation (Freehold, N.J., U.S.A.); 2-mercapto-
ethanol, pL-valine, DL-tyrosine of British Drug Houses (Poole, England); pr-ala-
nine, L-arginine, glycine, DL-histidine, DL-isoleucine, L-lysine, DL-methionine,
DL-tryptophan of Merck (Darmstadt, Germany); L-glutamic acid, pr-leucine of
Fluka (Buchs, Switzerland); L-aspartic acid, L-cysteine, L-hydroxyproline, L-phenyl-
alanine, prL-proline of Light (Colnbrook, England); DL-serine and DL-threonine
of Chemapol (Prague, Czechoslovakia); 1-phenyl,2-thiourea of Eastman Organic
Chemicals (Rochester, N.Y., U.S.A.); albumin bovine plasma cryst. A grade of
Calbiochem (Los Angeles, Calif., U.S.A.) and millipore filters of VCHZ Synthesia
(Uhfinéves, Czechoslovakia), DEAE-cellulose of Whatman (England). Sodium
phosphoenolpyruvate (PEP) was prepared from barium salt obtained from Reanal
(Budapest, Hungary). Trypsin, commercial product of Nutritional Biochemical
Corporation (Cleveland, Ohio, U.S.A.) was purified by 2-day dialysis against
0.001 N-HCI at 4°; the insoluble residue was discarded by centrifugation and the
supernatant was freeze-dried and stored at -20°.

The following uniformly 14C-labelled amino acids were used (the activity in
mc/m-mole is indicated in parentheses): glycine (2.2 and 67), L-leucine (0.59),
L-lysine (4.76), L-phenylalanine (9.8), L-serine (11), DL-tryptophan (9.17), L-tyrosine
(13.73), L-valine (4.8) products of the Radiochemical Centre (Amersham, England);
L-arginine (4.38), L-glutamic acid (40.8) products of Nuclear Chicago Corporation
(Chicago, U.S.A.); vr-alanine (65.5), L-aspartic acid (2.6), glycine (22.7), L-serine
(24 and 61) products of the Institute for Research, Production and Utilization of

http://rcin.org.pl



3] TRANSLATION IN E. COLI CELL-FREE SYSTEM 417

Radioizotopes (Prague, Czechoslovakia). [2(ring)-14C]L-Histidine (2.62 mc/m-mole)
was a product of California Corporation for Biochemical Research (Los Angeles,
Calif., U.S.A.).

Methods. Protein was determined by the method of Lowry, Rosebrough, Farr &
Randall (1951). Ribonucleic acid was estimated spectrophotometrically, assuming
that the extinction at 260 my. of 1 mg. of RNA is 24. Radioactivity was measured
with a liquid scintillation counter type SE-2.

Ribonucleic acid. Silkworm Bombyx mori L. RNA and E. coli RNA were used
for the incorporation experiments. Silkworm RNA was prepared from the middle
portion of the silkgland at the fifth instar, 7 -5 days before spinning. The glands
were homogenized in three volumes of 0.01 m-sodium acetate buffer, pH 5.1, con-
taining 0.5 9%, SDS and 0.089%, 1-phenyl,2-thiourea, kindly given by Dr. J. Ilan from
the Rockefeller University. RNA was isolated according to the SDS-phenol method
of Scherrer & Darnell (1962). The sedimentation coefficients, calculated from the
centrifugation in Spinco model E analytical ultracentrifuge, were found to be within
the range 4s - 14s. E. coli RNA freed of sSRNA with 1.5 M-NaCl was prepared by
the same method and kindly given to us by Dr. S. Perzynski from our Institute.

Sericin. Silkworm cocoons were boiled for 1hr. in 1% sodium deoxycholate
solution and insoluble fibroin was discarded by centrifugation. To the supernatant
equal volume of 109 trichloroacetic acid (TCA) was added, the precipitate of
sericin centrifuged, washed with ethanol and ether and stored at 4°. For experiments,
dry sericin was dissolved in boiling water to the required concentration.

The Escherichia coli incorporating system. E. coli B. cells were grown on the
glucose medium according to Baldwin & Shooter (1963) and harvested at the lo-
garithmic phase. The cells were washed with cold 0.2 M-KCl, then 0.01 M-MgCl, -
- 0.005 M-mercaptoethanol - 0.01 M-tris-HCl buffer, pH 7.8. The centrifuged pellet
was suspended in three volumes of 0.01 M-MgCl, - 0.06 M-KCl - 0.006 M-mercapto-
ethanol - 0.01 m-tris-HCI buffer, pH 7.8, frozen in solid CO, and disrupted in an
Eaton press (Eaton, 1962). The suspension of the disrupted cells was adjusted to
pH 7.5 and 1 pg. of deoxyribonuclease added per 1 ml. The suspension was centri-
fuged for 10 min. at 16 000 g at 4°, cell debris was discarded and the supernatant
centrifuged for 5 min. at 30 000 g. The supernatant (S-30), containing usually 10 -
- 17 mg. of protein per ml., was used on the same day.

For the incorporation experiments the S-30 supernatant was preincubated for
2 hr. at 37° in a mixture containing in 1 ml. the following components (in pmoles):
KCl, 80; MgCl,, 6; NH4CI, 80; ATP, 6; tris buffer pH 7.8, 40; 2-mercaptoethanol,
12; each of 19 non-radioactive amino acids, 0.2; 0.7 ml. of S-30 supernatant (7 -
- 12 mg. protein). The preincubated S-30 supernatant was dialysed overnight at 4°
against 0.01 M-MgCl, - 0.06 M-KCl - 0.006 M-mercaptoethanol - 0.01 m-tris-HCI buf-
fer, pH 7.8, and centrifuged for 5 min. at 30000 g at 4°. The incorporation was
performed for 30 min. at 37° in a system containing in 1 ml. the following compo-
nents (in pmoles): KCl, 38; MgCl,, 3.4; NH,Cl, 30; ATP, 0.7; GTP, 0.17; tris
buffer pH 7.8, 14; 2-mercaptoethanol, 4.3; PEP, 4.7; pyruvate kinase, 20 p.g.; each
of 18 non-radioactive amino acids, 0.11; one 14C-labelled amino acid, 0.04 - 0.1;
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silkworm or E. coli RNA, 860 pg., and 0.7 ml. of preincubated S-30 supernatant
from E. coli (5 -8.5 mg. protein).

To the sample of the incubation mixture, an equal volume of 10% TCA was
added, the precipitated protein was washed (Szafranski, Lutowicz & Puzynska,
1964) and radioactivity measured.

The stimulatory effect of the silkworm RNA on the incorporation of 14C-la-
belled serine into E. coli protein is shown in Fig. 1. To solubilize the newly synthe-
sized radioactive proteins, ultrasonic disintegration was applied.

8

8

5 R )

8 8

2

Radioactivity ( counls /min.)

02 04 05 08 10 12 7
RNA added (mg./ml.)

Fig. 1. Stimulation of 14C-serine incorporation into protein in the E. coli cell-free system by RNA
from the middle portion of silkglands of the silkworm. One ml. of the incubation mixture contained
0.057 ymole of [U-14C]serine (spec. act. 24 mc/m-mole).

Ultrasonic disintegration. The incubation mixture after the incorporation of
amino acids was disintegrated in the MSE 100 watt ultrasonic disintegrator for
10 min. in an ice bath. The suspension was freed of ribosomes by centrifugation
for 1 hr. in the MSE “Superspeed 40” ultracentrifuge at 105000 g and the super-
natant (DS-105) used for the immunological assays.

Preparation of rabbit antisera. The rabbits were immunized according to Simkin,
Skinner & Seshadri (1964) either with sericin obtained from Bombyx mori cocoons
or with E. coli S-30 supernatant. The antisera were heated at 56° for 30 min. and
the sediments were discarded by centrifugation at 40 000 g for 10 min. The presence
of antibody in the serum was shown by agar double diffusion analysis, based on
the technique of Ouchterlony (1953). The optimum amount of antibody versus an-
tigen was established in the usual way (Kabat & Mayer, 1964).

Immunological assays for sericin. To 1 ml. of the radioactive 105000 g super-
natant obtained after disintegration (DS-105), 100 pg. of sericin and 1 ml. of the
antisericin rabbit serum were added and allowed to stand overnight at 4°. The
antigen-antibody precipitate was collected by centrifugation, washed three times
with 0.9% NaCl in 0.01 M-tris buffer, pH 7.4, and dissolved in 1 N-NaOH con-
taining non-radioactive serine and glycine. The protein was precipitated with TCA,
dried with ethanol, ether, dissolved in concentrated formic acid and the radio-
activity was measured.
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The results presented in Table 1 show that in the case of protein synthesis
stimulated by silkworm RNA as well as E. coli RNA, immunoprecipitates contained
only a small part of radioactivity present in whole DS-105 supernatant. This in-
dicates that the protein newly synthesized under the influence of silkworm RNA
might be not a sericin. Further evidence in favour of this supposition was provided
by fractionation of radioactive proteins on DEAE-cellulose and isolation of the
fraction corresponding to sericin.

Table 1

Comparison of radioactivity of synthesized protein with that present in immunopre-
cipitates specific for sericin
The incorporation of 14C-labelled amino acids into protein was performed in 1.4 ml. with E. coli
preincubated S-30 fraction. In the first experiment [!4Clserine (11 mc/m-mole) and [14C]glycine
(22.7 me/m-mole), in the second experiment [14Clglycine (22.7 mc/m-mole), in the third experiment
[14C]glycine (67 mc/m-mole) were used, each in amount 0.05 pmole/ml. of the incubation mixture.
The samples of S-30 after incorporation of amino acids and DS-105 containing proteins solubilized
by sonication were withdrawn, protein precipitated with trichloroacetic acid, washed and its radio-
activity measured (see The E. coli incorporating system). The remaining part of DC-105 was used
for immunological precipitation (see Immunological assays for sericin).

5 | Radioactivity | Radioactivity |  Radioactivity
; of S-30 proteins } of DS-105 proteins | of immunoprecipitates
Expt. I (counts/min./ml.) , (counts/min./ml.) | (counts/min./ml.)
no. s | | s ] ' s
foe | Bk Lo ol ’ R o 1 Nl ‘E. coli
RNA | gland | RNA ! gland RNA RNA { gland | RNA
| added | RNA | | added j RNA | | added | RNA |
i 1 l 860 I 1890 5970 600 ‘ 1391 ‘ 4210 127 ‘ 118 { 270
| 2 495 ] 1640 4000 260 | 1376 2940 65 ‘ 70 | 138
3 | 875 | 2600 8450 | 664 | 2175 | 6668 106 103 | 263

Fractionation of sonicated 105000 g supernatant (DS-105) on DEAE-cellulose.
Radioactive DS-105 proteins freed of amino acids on Sephadex G-25 column
(1 cm. X 15 ¢cm.) with 0.005 m-tris-HCI buffer, pH 7.4, were fractionated on DEAE-
-cellulose column with the linear NaCl gradient concentration from 0 to 2M in
0.05 m-ammonium acetate buffer, pH 5.8. Fractions of 4 ml. were collected. Two
drops of 0.5% aqueous solution of bovine plasma albumin were added to each
fraction, the protein was precipitated with TCA and collected on millipore filters.
The radioactivity of proteins on the filters was measured. The results are presented
in Fig. 2.

Fractions 5 to 12 could be expected to contain newly synthesized sericin since,
as it had been established in control experiments, native sericin was eluted from
the column in this range. Therefore these fractions were submitted to immuno-
logical assay. The fractions were pooled, concentrated by freeze-drying and dialysed
against 0.01 M-tris-HCI buffer, pH 7.4. Sericin as a carrier and antiserum were
added to the dialysed solution as described in Immunological assays for sericin.
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No radioactivity was found in the antigen-antibody precipitate which indicates
that the isolated material is not sericin.

As can be also seen from Fig. 2, the distribution of radioactivity did not corres-
pond in general to E. coli protein peaks. On the other hand, very similar patterns
of radioactivity were obtained with no RNA added to the system or with addition
of E. coli RNA. These results have suggested similarity between the proteins newly
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Fig. 2. Fractionation of proteins synthesized in the E. coli cell-free system under the influence of

silkgland RNA, on DEAE-cellulose. Incorporation of [14C]glycine (67 mc/m-mole) was performed

with E. coli preincubated S-30 fraction in 4 ml. total volume (see The E. coli incorporating system).

Incubation mixture was sonicated and centrifuged for 1 hr. at 105 000 g. DS-105 supernatant freed

of amino acids on Sephadex G-25, was applied on DEAE-cellulose column (0.9 %10 ¢m.) and
eluted with linear NaCl gradient concentration in ammonium acetate buffer.

synthesized in the E. coli system in the presence of silkworm RNA and endogenous
RNA. To elucidate this possibility and to demonstrate by another method the diffe-
rence between sericin and the proteins de novo formed in the E. coli system, finger-
print analysis and autoradiography were performed.

Fingerprint analysis and autoradiography. The radioactive proteins of the DS-105
fraction formed in the E. coli cell-free system under the influence of silkworm RNA
or E. coli RNA as well as with no RNA added, were digested overnight at 37° with
trypsin (100 p.g./ml.) in the presence of 0.01 M-calcium chloride. Then undigested
proteins were discarded by precipitation with an equal volume of 10% TCA. TCA
was removed by extraction with ether and the digests were freeze-dried. Digest
of the E. coli protein obtained in the experiment with no RNA added was considered
as E. coli native protein digest. The freeze-dried peptides were dissolved in a small
volume of water and applied on Whatman no. 1 paper for chromatography. In
the first run butanol - acetic acid - water (4 : 1 : 1, by vol.) and in the second 2,6-
-lutidine - water (132 : 60 v/v) were employed. The chromatograms were stained
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M TRANSLATION IN E. COLI CELL-FREE SYSTEM 421

with 0.29% ninhydrin in acetone containing 29, pyridine. Native sericin was sub-
mitted to the same procedures of digestion and chromatography.

The radioactive fingerprints were superimposed on X-ray plates and left in
darkness for 20 days. The plates were developed in a usual way. Tryptic peptide
fingerprints of sericin and E. coli protein are presented in Fig. 3 and autoradiograms
in Fig. 4.

The ninhydrin-positive tryptic peptide fingerprint of sericin (Fig. 3a) differs
very much from the autoradiogram of the tryptic peptide fingerprint of the proteins
synthesized in the E. coli cell-free system in the presence of silkworm RNA (Fig. 4a).
On the other hand, this autoradiogram is very similar to the autoradiograms of
the tryptic peptide fingerprints of the proteins synthesized in the E. coli cell-free
system in the presence of added E. coli RNA and with no RNA added (Figs. 4b, c).
Comparison of the autoradiograms with Fig. 3b shows that the majority of radio-
active spots do not correspond to the ninhydrin-positive tryptic peptide fingerprint
of E. coli protein. This discrepancy does not depend on the lack of glycine in the
ninhydrin-positive spots of peptides, since peptide A (Fig. 3b), which does not
correspond to any of the spots on autoradiograms, does contain glycine, as revealed
by hydrolysis in 6 N-HCI, followed by paper chromatography. Thus it appears
that only a small part of E. coli protein which can be detected by the fingerprint
technique is synthesized in a cell-free system.

Table 2

Comparison of radioactivity of synthesized protein with that present in immunopre-
cipitates specific for E. coli protein

The incorporation of 14C-labelled amino acids was performed in 1.4 ml. with the E. coli preincubated
S-30 fraction. The incubation mixture contained in 1 ml. 0.04 - 0.1 pmole of each of the following
14C-labelled amino acids (the activity in mc/m-mole is given in parentheses): L-alanine (65.5),
L-arginine (4.38), L-aspartic acid (2.6), L-glutamic acid (40.8), glycine (2.2), L-histidine (2.62),
L-leucine (0.59), L-lysine (4.76), L-phenylalanine (9.8), L-serine (61), DL-tryptophan (9.17), L-tyrosine
(13.73), L-valine (4.8) and 0.04 - 0.1 umole of each of the six non-labelled amino acids. The samples
of DS-105 fractions containing proteins solubilized by sonication were withdrawn, protein precipi-
tated with trichloroacetic acid, washed and its radioactivity measured (see The E. coli incorporating
system). From the remaining part, 0.5 mg. of each sample was used for immunological precipitation
(see Immunological assays for E. coli protein).

] Radioactivity Radioactivity Radioactivity
of DS-105 proteins | of immunoprecipitates precipitated
Expt. (counts/min./sample) | (counts/min./sample) (%)
no. X |‘ ’ .
i silk- | E.coli | 1° ! silk- | oy | O silk- | £ colt
RNA | gland RNA | RNA | gland RNA RNA | gland RNA
added | RNA | ] added | RNA added | RNA
[
1 | 1128 1932 I 2208 666 354 333 59 18 15
2 | 583 1052 | 1279 | 189 96 168 32 9 13
3 511 924 | 122 | 153 | 151 252 30 16 22
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The similarity of the three autoradiograms leads to the conclusion that the addi-
tion of heterologous or homologous RNA to the E. coli cell-free system stimulates
the synthesis of a protein which is in many respects similar to the protein synthesized
in the E. coli system with no RNA added. To answer whether different RNA’s
stimulate the synthesis of protein specific for E. coli, the immunological assays
with the antiserum prepared against E. coli protein were performed.

Immunological assays for E. coli protein. Incorporation of 14C-labelled amino
acids into proteins in the E. coli cell-free system was performed with no RNA added
or with addition of either silkworm RNA or E. coli RNA. The radioactive E. coli
DS-105 supernatant was added to the rabbit antiserum prepared against E. coli
proteins. The supernatant containing 0.5 mg. of protein in 0.1 - 0.2 ml. was added
to 2.5 ml. of antiserum, incubated at 37° for 1 hr. and left at 4° overnight. The anti-
gen-antibody precipitates were washed and their radioactivity measured as described
in Immunological assays for sericin.

The data presented in Table 2 show that whereas the incorporation of 14C-la-
belled amino acids into TCA-insoluble precipitates increased onaddition of RNA
to the E. coli cell-free system, the radioactivity of immunoprecipitates decreased.
In the first experiment, 59 % and in the second and third about 30%, of radioactive
proteins were precipitated with antiserum prepared against E. coli proteins. After
addition of silkworm RNA or even homologous RNA to the system, the radio-
activity of immunoprecipitates dropped markedly.

It can be concluded on the basis of the presented experiments that the addition
of silkworm RNA or E. coli RNA to the E. coli cell-free system results in synthesis
of proteins whose structure resembles proteins formed in this system when no RNA
was added, from which, however, they differ immunologically.

DISCUSSION

In our previous report (Szafranski et al., 1964) it has been demonstrated that
RNA from the middle portion of silkglands of the silkworm Bombyx mori L. sti-
mulates in the E. coli cell-free system incorporation of amino acids into TCA-
-insoluble precipitate. Since RNA which stimulates protein synthesis in cell-fres
systems is considered to be messenger RNA, it could be expected that the synthesized
product would be sericin, a protein with very high serine and glycine content, formed
by the middle portion of the silkglands. However, the analysis of the newly synthe-
sized products by serological methods, DEAE-cellulose chromatography, fingerprin-
ting and autoradiography showed no similarity between newly formed protein
and sericin.

Protein synthesis in the E. coli cell-free system was two- to threefold stimulated
by silkworm RNA and up to ninefold by E. coli RNA. In both cases only a small
portion of the de novo synthesized protein was precipitated with antisericin rabbit
serum. Immunoprecipitation performed with the fraction corresponding to sericin
isolated on DEAE-cellulose, also gave negative results. The autoradiogram of ths
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tryptic peptide fingerprint of protein synthesized in the E. coli cell-free system under
the influence of silkworm RNA was found to be different from the tryptic peptide
fingerprint of sericin, too. This autoradiogram, however, was very similar to the
autoradiograms of fingerprints of proteins formed in the E. coli system with addition
of homologous RNA or with endogenous RNA. Still the majority of the radio-
active spots of these three autoradiograms did not correspond to the ninhydrin-
-positive tryptic peptide fingerprint of E. coli native protein, although peptides
on this fingerprint did contain non-labelled glycine. This indicates that only some
of E. coli proteins are synthesized from 14C-labelled amino acids in a cell-free system.

Protein synthesis in the E. coli system increased upon addition of silkworm
or E. coli RNA’s, while the radioactivity of immunoprecipitates specific for E. coli
protein decreased, as compared with that when no RNA was added to the system.
It can be concluded that RNA from the silkworm as well as homologous RNA
stimulate in the E. coli system the synthesis of a protein similar, as indicated by
autoradiography, to the protein formed in this system without addition of RNA,
but differing from it in the structure responsible for immunoprecipitation.

Results similar to ours were reported by Shigematsu, Shiio, Takeshita, Ono-
dera & Maruo (1966) who did not detect the synthesis of fibroin in silkworm cell-
-free system by immunological method. Drach & Lingrel (1966) have also demon-
strated that the protein synthesized in the E. coli cell-free system under the influence
of one of the RNA fractions from rabbit reticulocytes differs from globin electro-
phoretically and on Dowex-50 chromatography. On the other hand, they found
a similarity between the tryptic peptides of proteins newly synthesized in the E. coli
system and tryptic peptides of E. coli protein. Similarly, Aach et al. (1964) did not
obtain the tobacco mosaic virus RNA-directed protein synthesis in E. coli cell-free
system, as shown by fractionation of the newly formed proteins on DEAE-cellulose,
Dowex-1 and by serological methods.

It is possible that the natural messenger RNA-directed protein synthesis in the
cell-free system depends on an additional factor absent in the above mentioned
as well as in our experiments. Weisberger & Armentrout (1966) described the iso-
lation of ribonucleoprotein complex (mRNP) from ribosomes of deer reticulocytes,
which stimulated the synthesis of deer globin in rabbit reticulocytes cell-free system.
Ribonuclease as well as deproteinization of mRNP abolished its stimulatory effect.
Eisenstadt & Brawerman (1966) in the cross experiments with E. coli and Euglena
gracilis cell-free systems on the f2 phage RNA-directed protein synthesis also showed
the requirement of a protein factor. Revel & Gros (1966) reported the presence
of a similar protein factor linked with DNA. The lack of such a factor in our expe-
riments cannot be excluded since silkworm and E. coli RNA’s were prepared by
phenol method.

The obtained results have shown that silkworm RNA prompted in the E. coli
cell-free system the synthesis of a protein which is not a silk protein. The addition
of heterologous as well as homologous RNA to this system stimulated the synthesis
‘of proteins which, when compared by autoradiography of tryptic peptide finger-
prints, appeared to be similar. The nucleolytic hydrolysis during the preparation
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of the RNA’s cannot be excluded; it does not, however, explain why such different
RNA’s stimulated the synthesis of similar proteins. The finding that the autoradio-
graphy of the tryptic peptide fingerprints of the !4C-labelled proteins formed in
a cell-free system did not correspond to the ninhydrin-positive tryptic peptide
fingerprint of E. coli protein indicated the differences between translation processes
in vivo and in vitro. A similar suggestion was also made by Capecchi (1966). The
immunological experiments with the anti-E. coli protein rabbit serum indicate that
the translation in vitro can be also disturbed by addition of silkworm or E. coli
RNA to the E. coli cell-free system.

This work was supported in part by the U.S. Department of Agriculture, Agri-
cultural Research Service.
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SYNTEZA BIALKA W BEZKOMORKOWYM UKLADZIE Z ESCHERICHIA COLI
W OBECNOSCI NATURALNYCH INFORMACYJNYCH RNA

Streszczenie

1. Analiza zwiazku powstalego w bezkomérkowym ukladzie z E. coli pod wplywem RNA
ze $rodkowej czesci gruczoléw przednych jedwabnika morwowego Bombyx mori wykazala, ze
produkt ten nie jest serycyna — bialkiem jedwabiu.

2. Poréwnano go z produktami syntetyzowanymi w tym samym ukladzie pod wplywem RNA
z E. coli i bez dodanego RNA. Dodanie homologicznego lub heterologicznego RNA do ukladu
bezkomérkowego powoduje synteze bialka, ktére, jak wynika z poréwnania autoradiograméw
map peptydéw trypsynowych, jest podobne do biatka powstajacego w ukladzie bez dodania RNA.

3. Przy pomocy immunoprecypitacji wykazano jednak, ze powstale in vitro bialka roznia sie
pod wzgledem immunologicznym.

4. Wyniki doswiadczen wskazuja na réznice w przekazywaniu informacji in vivo i in vitro oraz
ze proces translacji in vitro moze by¢ zaklécony przez dodanie heterologi¢znego RNA lub nawet
homologicznego RNA do ukladu bezkomérkowego z E. coli.

Received 15 March, 1967.
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OF HUMAN PLACENTA

Department of Biochemistry, Mikolaj Kopernik University, Torun

1. Soluble arylsulphatases A and B (EC 3.1.6.1) of human placenta were separated and
purified. 2. After electrophoretic separation, 809% of the starting activity of arylsulphatase A
was found in the protein possessing the mobility of blood serum a,-globulins, and 77%
of the starting activity of arylsulphatase B was found in the protein corresponding to y-glo-
bulins. 3. The precipitate obtained at 1.6 M-ammonium sulphate concentration contained 62%,
of the starting activity of arylsulphatase A ; it was shown by electrophoresis to contain a small
amount of proteins with the mobility of a,-globulins. The precipitate at 1.6-2.8 M-ammonium
sulphate concentration contained 729%, of the starting activity of arylsulphatase B. This
fraction contained very little of proteins corresponding to y-globulins. 4. On chromatography
on DEAE-cellulose, arylsulphatase B was eluted without NaCl (85%, of the starting activity)
and arylsulphatase A at 0.14 M-NaCl concentration (729, of activity). 5. The highest puri-
fication of the enzymes was achieved when the fractions precipitated at 1.6 M and 2.0 -
- 2.8 M-ammonium sulphate concentration, were submitted to paper electrophoresis.

It was found previously (Gniot-Szulzycka & Dzialoszynski, 1966) that soluble
placental arylsulphatases (arylsulphate sulphohydrolase EC 3.1.6.1) could be se-
parated by dialysis. Arylsulphatase B precipitated with the euglobulins while aryl-
sulphatase A remained in solution. Electrophoresis of the placental extracts (Dzia-
loszynski, Gniot-Szulzycka & Jagusztyn, 1966) revealed that the mobility of aryl-
sulphatase A corresponded to that of a; serum globulins and that of arylsulphatase B
agreed with the cathode front of y-globulins.

This work is a continuation of our study on the properties of the soluble aryl-
sulphatases of human placenta and contains new results on isolation and purifi-
cation of those enzymes by ammonium sulphate precipitation, paper electropho-
resis and chromatography on DEAE-cellulose.

MATERIAL AND METHODS

Water extracts of the acetone-dried fraction obtained from autolysed placenta
served as the source of enzymes. Autolysis of the placental tissue was carried out
according to Ahmed & King (1960) with a modification which consisted in the
addition of ammonium acetate up to 0.2 M and lowering the concentration of ace-
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tone down to 10 %,. It was shown by Bleszynski & Dzialoszynski (1965) that addition
of ammonium acetate increased the extractability of arylsulphatases from autolysed
ox brain. A lower concentration of acetone was used to prevent the precipitation
of arylsulphatase B.

Acetone-dried fraction and its extracts. Fresh human placenta was homogenized
in 0.2 M-ammonium acetate, containing heparin, acetone, toluene and ethyl acetate,
the mixture was autolysed at O - 4° for 72 hr. and filtered on Biichner funnel through
muslin. The clear filtrate was adjusted to pH 5.0 with acetic acid, and acetone was
added up to 609 in order to precipitate the arylsulphatases. The precipitate se-
parated by centrifugation was washed a few times with acetone solutions of increasing
concentration (70 %, 809%, 90%) and pure acetone, and immediately dried in vacuo
over P,Os. The dry powder was stored at 0° over P,Os. For further experiments,
59 water extracts were used.

Paper electrophoresis. Electrophoresis was carried out in veronal buffer pH 8.6
and ionic strength 0.1, on Whatman no. 3 paper. It lasted 3 hr. at a voltage gradient
of 8.67 V/cm., the electrophoretic chamber being cooled with ice.

Two strips (2 cm. wide) with enzymic extracts (30 pl.) were dyed according
to Mejbaum-Katzenellenbogen & Dobryszycka (1959) and the concentration of
protein in each fraction was estimated. Two other strips with enzyme extracts were
cut crosswise according to the protein fractions indicated on the dyed strip. Each
section from both strips was shredded and incubated at 37° with 10 mm-2-hydroxy-
-5-nitrophenylsulphate for 1 hr. in 0.5 M-acetate buffer. Sections used for estimation
of the activity of arylsulphatase A were incubated at pH 4.7, those used for deter-
mination of the activity of arylsulphatase B at pH 6.0. Additionally one strip with
enzyme extract and another with human blood serum, were dyed according to
Hardwicke (1954).

Fractionation with ammonium sulphate. In order to obtain a fraction rich in
protein corresponding to the mobility of serum ay- and y-globulins, the method
described by Bourrillon, Got & Levy (1962) was used. An appropriate amount
of ammonium sulphate was added to the enzymic extract at -5° to -9°, the pH and
the volume brought to the required values and the mixture left for 10 - 11 hr. at 0°
to 4°, then centrifuged for 5 min. at 21 000 g. The precipitate was washed three
times with ammonium sulphate solution of corresponding concentration and pH.
Washings were added to the supernatant and the precipitation with higher con-
centration of ammonium sulphate performed as before.

Precipitation at pH 7.0 was carried out with the following concentrations of
ammonium sulphate: 1.6 M, 1.6 -2.0M, 20-22M and 2.2-24M, and at pH6
with 2.4-2.8 M and 2.8 - 4.0 M. Each precipitate was dissolved in a small volume
(5 - 10 ml.) of water, dialysed and the activity of arylsulphatase A and B estimated.
In all fractions protein was determined by the method of Mejbaum-Katzenellen-
bogen (1955) and electrophoresis on Whatman no. 3 paper was performed on every
one in order to find what electrophoretic fraction they contained.

For further purification of the enzymes, fractions precipitated at 1.6 M (pH 7.0)
and 2.0 -2.8 M (pH 6.0) ammonium sulphate and containing correspondingly most
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Fig. 1. Distribution of arylsulphatase A and B
activity in proteins of extract from acetone-dried
human placenta, separated by paper electropho-
resis. | |, Activity of arylsulphatase A; [///], acti-
vity of arylsulphatase B; W, protein. The sur-
face of the small squares represents, respectively,
19% of the starting enzyme activity or of the
amount of protein. a, Electrophoretogram of
human placental proteins; b, electrophoretogram
of blood serum proteins.

Fig. 2. Separation of arylsulphatase A and B from an extract of acctone-dried human placenta,

by fractionation with ammonium sulphate. | |, Arylsulphatase A; [////,arylsulphatase B; W, protein.

1, Electrophoretogram of human blood serum protein; 2, electrophoretogram of the starting extract.
The remaining electrophoretograms correspond to the particular fractions.

J. Gniot-Szulzycka & L. M. Dzialoszynski (facing p. 428)
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n

Fig. 3. Elution patterns obtained from the DEAE-cellulose column to which were applied: (4),

the fraction precipitated at 0 - 1.6 M-ammonium sulphate concn.; (B), the fraction precipitated

at 2.0 - 2.8 Mm-ammonium sulphate concn. (see Fig. 2). (---), NaCl concentration gradient;

(————), protein (Ejs0). Enzyme activity (Esjq) is indicated by hatching. The electrophoretograms
of the respective fractions and blood serum protein are also presented.

J. Gniot-Szulzycka & L. M. Dziatoszynski (facing p. 429)
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of arylsulphatase A and B, were collected from separate enzyme solutions, dialysed
and concentrated 5 - 10-fold on silica gel. During concentration 6% of the enzyme
activity was lost. About 800 ul. of the concentrated fractions were placed on a strip
of Whatman 3 MM paper 21 cm. wide, and electrophoresis performed as described
above.

Chromatography on DEAE-cellulose. DEAE-cellulose powder was washed with
0.1 N-HCl and 0.1 N-NaOH and then with water, and pH of the suspension brought
to 6.8. It was now washed several times with veronal-HCI buffer, pH 6.8, and trans-
ferred to a column (20 X2 cm.). Chromatographic separation was carried out with
fractions precipitated from the enzymic extract at 1.6 m and 2.0 - 2.8 M-ammonium
sulphate. NaCl of stepwise increased gradient was used for elution.

Determination of enzymic activity. The substrate, 2-hydroxy-5-nitrophenyl sulphate
dipotassium salt prepared according to Roy (1958) was recrystallized several times
from glass-distilled water. The activity of arylsulphatases was determined according
to Robinson, Smith & Williams (1951). The red colour of the liberated 4-nitroca-
techol was developed with alkaline mixture containing 5 N-NaOH, 10% Na,SO;3
and 4% quinone in 0.1 N-HCI (1 : 1 :0.1, by vol.). The activity was measured in
0.5 M-acetate buffer of pH 4.7 for arylsulphatase A and pH 6.0 for arylsulphatase B.
The final concentration of the substrate was 10 mm. The temperatures and times
of incubation are indicated in Tables 1 and 2.

RESULTS

The extraction of arylsulphatase A and B from human placenta. Tables 1 and 2
present the total and specific activities found at various stages of purification of the
enzymes. The acetone powder extract contained 669, of the total activity of aryl-
sulphatase A and 22 % of the arylsulphatase B present in the original homogenate.
The specific activity was 370 mpmoles nitrocatechol/mg. protein/60 min. for aryl-
sulphatase A and 320 for arylsulphatase B, the degree of purification being 8 and 2.3,
respectively. The extract was used for further purification.

Separation of soluble arylsulphatases A and B by electrophoresis and fractional
precipitation with ammonium sulphate. Fig. 1 shows the distribution of arylsulpha-
tase A and B in the electrophoretic fractions of the extract from acetone-dried
placenta. It should be noted that in the described conditions no, or only small,
losses of enzymic activities were observed. The fraction corresponding to blood
serum ap-globulins contained 80 % (4-8%) of the original arylsulphatase A activity
and the fraction corresponding to the cathode front of serum y-globulins, 77 %
(£15%) of the arylsulphatase B activity. Paper electrophoresis led to separation
of the enzymes and marked increase of specific activity. Arylsulphatase A was
purified 60-fold and arylsulphatase B 70-fold as compared with the activity of the
homogenate.

The fractional precipitation did not cause any substantial losses of the enzymes,
as altogether about 909 of the activity was recovered. Arylsulphatase A (Fig. 2)
precipitated mainly at 1.6 M-ammonium sulphate concentration. This fraction
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432 J. GNIOT-SZULZYCKA and L. M. DZIALOSZYNSKI 6]

contained 62 % of the starting activity and was purified 15.5-fold. Fractions pre-
cipitated between 1.6 M and 2.8 M-ammonium sulphate concentration contained
72 % of the starting activity of arylsulphatase B, and the average increase in specific
activity was 11.5-fold as compared with that of the homogenate. From the electro-
phoretic pattern presented in Fig. 2 it may be seen that the fraction precipitated
at 1.6 M-ammonium sulphate, and very rich in arylsulphatase A, contained very
little protein corresponding in mobility to serum ap-globulins, which in the whole
extract contained most of the arylsulphatase A activity (see Fig. 1). Similarly, the
fractions containing most of the arylsulphatase B activity, except that precipitated
at 1.6 - 2.0 M-ammonium sulphate concentration, contained very little protein with
the mobility of y-globulins.

Purification of arylsulphatase A and B. Arylsulphatase A preparation precipitated
at 1.6 M-ammonium sulphate concentration, and arylsulphatase B preparation
precipitated at 2.0 - 2.8 M-ammonium sulphate concentration, were purified by paper
electrophoresis or chromatography on DEAE-cellulose (Tables 1 and 2). After
electrophoretic - separation the average specific activity of arylsulphatase A was
4800 mpmoles/mg. protein/min., and that of arylsulphatase B, 2500. By cutting
narrower sections from the electrophoretogram, and thus limiting the yield, higher
specific activities of both enzymes could be achieved, respectively 16 800 and 5670.
The mean recovery of arylsulphatase A was 839%, and that of arylsulphatase B
S

The degree of purification of the two arylsulphatases on DEAE-cellulose (Fig. 3)
was much smaller than that obtained by electrophoresis. After chromatography,
the specific activity in the peak of arylsulphatase A was 497, and that of arylsul-
phatase B 206 mpmoles nitrocatechol/mg. protein/min. Arylsulphatase B was eluted
by buffer alone, while arylsulphatase A at 0.14 m-NaCl. Both fractions contained
some protein impurities.

DISCUSSION

Many workers have used paper electrophoresis for the separation of arylsul-
phatases (for ref. see Dzialoszynski et al., 1966). However, none of them gave any
data on the recovery of the enzymes during the process of electrophoresis. The
conditions of electrophoresis described by Dzialoszynski et al. (1966) made it dif-
ficult to estimate the activity of arylsulphatase B from human placenta. Dodgson &
Spencer (1956) experienced similar difficulties with separation of arylsulphatase
found in urine, and Wortman (1962) could not separate electrophoretically the
enzymes from corneal extracts.

Electrophoretic examination of the placental extracts in conditions described
in this paper made it possible not only to locate the activity of arylsulphatase A
within the protein fraction possessing the mobility of serum ay-globulins and that
of arylsulphatase B in the protein corresponding to the cathode front of y-globulins,
as it was done in the previous work (Dzialoszynski et al., 1966), but also to recover
both enzymes in high yields (about 80%).
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M PLACENTAL ARYLSULPHATASES 433

Paper electrophoresis of the fractions precipitated at 1.6 M- and 2.0 - 2.8 M-
-ammonium sulphate concentration, led to considerable purification of both aryl-
sulphatases. The specific activity of the enzyme A was 16 800 mpmoles nitrocate-
chol/mg. protein/min. (at 25°) and that of the enzyme B, 5670 mpmoles nitro-
catechol/mg. protein/min. (at 37°).

Fractional precipitation with ammonium sulphate gave somewhat unexpected
results as the fraction containing mainly proteins corresponding to y-globulins
(0- 1.6 M) had the highest activity of arylsulphatase A, while fractions containing
little of this protein (2.0 - 2.8 M) possessed the activity of arylsulphatase B.

Chromatography on DEAE-cellulose led to separation of the two arylsulphatases.
Although the conditions at which chromatography on DEAE-cellulose was per-
formed, were not identical with those used by Wortman (1962) it may, nevertheless,
be assumed that the fraction eluted without NaCl and called by Wortman a corres-
ponded to arylsulphatase B, and that eluted with 0.14 m-NaCl and called by Wort-
man d was arylsulphatase A. Arylsulphatase-containing fractions found by Wortman
in the corneas of rabbit and ox and designated as b and ¢ could not be found in
human placenta. Similarly fractions b and ¢ could not be separated from ox liver
by chromatography on DEAE-cellulose (Dzialoszynski, Bleszynski & Narloch, 1967),
although they were found by Bleszynski (1967) in ox brain.

The serum y-globulin-like character of placental arylsulphatase B to which point
the following results: precipitation on dialysis (Gniot-Szulzycka & Dziatoszynski,
1966), electrophoretic mobility (Dziatoszynski et al., 1966) and elution from DEAE-
~cellulose without NaCl gradient, explain to some extent the slower extraction
of that enzyme from the tissues and its lower activity. The acetone-powder extract
contains 66 9 of arylsulphatase A and 229/, of arylsulphatase B found in the homo-
genate. The presence in human placenta of the insoluble arylsulphatase C (Gniot &
Dzialoszynski, 1964) could be another factor lowering the activity of arylsulpha-
tase B in the acetone powder, since the activity of the C enzyme is estimated in the
homogenate, but the enzyme is presumably not solubilized on autolysis and therefore
it is not found in the acetone powder.

According to Roy (1960) arylsulphatase B of ox liver is localized in the frame-
work of the lysosomes while arylsulphatase A in the sap and this may explain the
differences in the solubility of the two enzymes.
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ROZDZIAL 1 OCZYSZCZANIE ROZPUSZCZALNYCH ARYLOSULFATAZ
LOZYSKA LUDZKIEGO

Streszczenie

1. Rozdzielono i oczyszczono arylosulfatazy A i B (EC 3.1.6.1) z lozyska ludzkiego.

2. Po elektroforezie bibulowej 80% wyiSciowej aktywnosci arylosulfatazy A wystepuje we
frakcji o ruchliwosci ap-globulin surowicy krwi, natomiast 77% wyisciowej aktywnosci arylosul-
fatazy B wystepuje w bialku odpowiadajacym y-globulinom.

3. Frakcja bialkowa stracajaca si¢ 1.6 M-siarczanem amonu zawiera 629% wyjsciowej aktyw-
nosci arylosulfatazy A; stwierdzono w niej znikome iloSci biatka o ruchliwosci elektroforetycznej
az-globulin. Frakcja bialkowa stracajaca si¢ w zakresie 1.6 - 2.8 M-siarczanu amonu zawiera 72%
wyjsciowej aktywnosci arylosulfatazy B; elektroforetycznie stwierdzono w niej niewielka ilo$é
bialek odpowiadajacych y-globulinom.

4. Z DEAE-celulozy enzym B eluuje si¢ bez gradientu NaCl (84% aktywnosci wyjsciowej),
enzym A przy 0.14 M-NaCl (72% wyjsciowej aktywnosci).

5. Najwieksze oczyszczenie arylosulfataz A i B otrzymano przy stosowaniu elektroforezy

bibulowej frakcji rozdzielonych siarczanem amonu.
Received 14 April, 1967.
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J. POPINIGIS

THE SODIUM-DEPENDENT EFFECT OF MITOCHONDRIAL BASIC
PROTEIN ON ENERGY METABOLISM IN MITOCHONDRIA

Department of Biochemistry, Medical School, Gdansk

1. Basic protein isolated from hog-kidney mitochondria, at a low concentration (50 ug./
/ml.) stimulated the respiration of mitochondria in State 4, induced swelling, and inhibited
the synthesis of citrulline in mitochondria, only in the presence of sodium ion. 2. The action
of this protein on mitochondrial energy metabolism resembles the action of gramicidin.

Hillar (1965) reported that mitochondrial basic protein (MBP) isolated from
hog kidney according to Rzeczycki, Grudzinska, Hillar & Wszelaki-Lass (1963)
uncoupled the oxidative phosphorylation in rat-liver mitochondria. The stimulating
effect of MBP on the oxidation of exogenous NADH in mitochondria (Popini-
gis & Rzeczycki, 1966) indicated that this protein influences the permeability of the
mitochondrial membrane. The study of Hillar & Rzeczycki (1965) on the influence
of MBP on swelling of mitochondria demonstrated that changes in the permeability
of the mitochondrial membrane were dependent on the composition of the medium.
MBP caused swelling of mitochondria in iso-osmotic solution of potassium chloride,
and had no effect in sucrose medium. These experiments suggested that the effect
of MBP on mitochondrial energy metabolism is dependent on the composition
of the medium.

In the present work, a comparison was made of the effect of mitochondrial
basic protein on respiration, swelling, and on synthesis of citrulline in rat-liver
mitochondria, in the presence and absence of sodium ion.

MATERIALS AND METHODS

Preparation of mitochondria. The liver of a Wistar rat was homogenized manually
in a Potter homogenizer in a medium containing 0.25 M-sucrose, 0.2 mM-tris chloride
and 0.01 mm-EDTA, pH 7.3. The mitochondria were isolated according to Wein-
bach (1961), washed three times, suspended in 2.0 ml. of the above solution, and
immediately used for experiments.

Estimation of swelling. The medium of pH 7.3 contained 0.17 M-sucrose, 40 mm-
-choline chloride, 1.25 mM-tris phosphate, 10 mM-tris glutamate and 10 mMm-tris
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succinate. To 3 ml. of the medium, mitochondria corresponding to 2.2 mg. of protein
were added, and after 2 min. changes in extinction at 520 mp. were measured in
a Unicam SP 500 spectrophotometer for a period of 10 min.

Determination of respiration. The Warburg manometric method was used. The
mitochondria were incubated in 1 ml. of a medium of pH 7.3 containing 0.2 m-
-sucrose, 20 mMm-tris chloride, 1.25 mM-tris phosphate, 10 mm-tris glutamate and
10 mM-tris succinate. The incubation was carried out at 25° for 25 min., the uptake
of oxygen being measured between the Sth and 25th minute.

Synthesis of citrulline in mitochondria. This was assayed by incubating the mi-
tochondria for 30 min. at 30° in 1 ml. of a medium of pH 7.3 consisting of 20 mMm-
-tris L-glutamate, 20 mm-DL-ornithine, 5 mM-MgCl,, 5 mMm-tris phosphate, 50 mMm-
~tris chloride, and 20 mmM-NH4HCO;. The reaction was stopped by adding HCIOy,,
and the synthesized citrulline was determined using diacetylmono-oxime according
to Archibald (1944).

Determination of protein in mitochondria. This was done by the biuret method
(Layne, 1957) after adding 0.9 ml. of 0.1% sodium deoxycholate solution to 0.1 ml.
of the suspension of mitochondria.

Preparation of mitochondrial basic protein (MBP). This was obtained from hog
kidney according to Rzeczycki et al. (1963) by sulphosalicylic acid extraction and
concentration of the protein by the tannin-caffeine procedure of Mejbaum-Katze-
nellenbogen (1955).

Reagents. Diacetylmono-oxime (Hopkin & Williams, LTD, Chadwell Heath,
Essex, England), pL-ornithine (Lachema, Prague, Czechoslovakia), choline chloride
(Merck, Darmstadt, Germany), citrulline (Light, Colnbrook, England), tris (Fluka,
Buchs, Switzerland). Other reagents were products of Fabryka Odczynnikéw Che-
micznych (Gliwice, Poland) or Xenon (£6dz, Poland).

Tris succinate, tris phosphate, tris glutamate and tris chloride were prepared
from aqueous solutions of the corresponding acids purified on Amberlite TRC-50
(H* form). Bidistilled water purified in the same way was used throughout.

RESULTS

The mitochondrial basic protein stimulated the respiration of mitochondria
limited by the amount of the phosphate acceptor (State 4 of Chance & Williams,
1956). This is apparent from the results of experiments presented in Table 1, which
show the effect of MBP on oxidation of glutamate and succinate by liver mito-
chondria. At low concentration of MBP (50 p.g./ml.), the stimulation was observed
only in the presence of sodium ion. At high MBP concentration, the stimulation
was not Na* ion-dependent, although in the presence of Na* the respiration was
greater.

Swelling of mitochondria was affected by MBP in a similar way (Fig. 1). At
a concentration of 50 p.g./ml., MBP induced swelling only when sodium ion was pre-
sent, whereas at a concentration of 150 p.g./ml. it caused swelling also in the absence
of Na* ion.
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Table 1

The effect of mitochondrial basic protein (MBP) on the respiration of mitochondria
in the presence and absence of sodium ion
The respiration was measured in 1 ml. of a medium composed of 0.2 M-sucrose, 1.25 mMm-tris

phosphate buffer, 20 mm-tris HCI buffer, pH 7.3, and 10 mM-succinate and 10 mm-glutamate in
the form of tris salts as substrates. MBP was added after addition of mitochondria.

Oxygen consumption (pl. 02/20 min.)i

Addition Expt. 1 Expt. 2 '

| 5.2 mg. 4.5 mg. |

l protein/ml. protein/ml. l

None, control i 40.8 | 31.2 '

NaCl, 30 gmoles I 39.8 ! 30.6 :

MBP, 50 ug. [ 38.0 324 ‘

MBP, 50 pg. + NaCl, 30 | \

pmoles | 55.1 42.2 !
MBP, 150 pg. ]‘ 51.2 40.2

MBP, 150 pg. + NaCl, 30 | 0
pmoles i 57.6 | 46.2
Table 2

The effect of mitochondrial basic protein (MBP) on the synthesis of citrulline by rat-
-liver mitochondria in the absence of sodium ion
The synthesis of citrulline was carried out in a medium composed of 20 mMm-tris L-glutamate,
20 mM-pL-ornithine, 5 mm-MgCl,, 5 mm-tris phosphate, 50 mum-tris chloride, 20 mM-NHsHCO3,
at pH 7.3. Mean values from 3 experiments are given, with limit values in parentheses.

MBP concentration Citrulline formed
(pg./ml.) ! (pmoles/30 min./mg. of mitochondrial protein)
0 0.42 (0.41-0.49)
50 0.40 (0.39-0.41)
100 0.41 (0.40-0.43)
150 0.36 (0.33-0.40)
200 0.10 (0.09-0.12)
250 0.06 (0.03-0.09)

The effect of MBP on the synthesis of citrulline in the absence of sodium ion
is shown in Table 2. MBP at a concentration of 50 - 100 pg./ml. had no effect on
the synthesis, whereas concentrations exceeding 150 pg./ml. were inhibitory. In the
presence of Na* ion, low concentration of MBP also inhibited the synthesis (Table 3).
Sodium chloride alone did not inhibit the synthesis up to a concentration of 30 mm.
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Table 3

The effect of mitochondrial basic protein (MBP) on the synthesis of citrulline in the
presence of different sodium ion concentrations

The synthesis of citrulline was carried out as described in Table 2. Mean values from 5 experiments
are given, with limit values in parentheses.

NaCl l Citrulline formed
concentration ‘ (umoles/30 min./mg. of mitochondrial protein)
(mm) without MBP | with MBP (50 pg./ml.)
0 ‘ 0.38 (0.37-0.41) ! 0.37 (0.35-0.40)
3.3 ‘ 0.37 (0.36-0.41) j 0.34 (0.32-0.37)
10 ? 0.37 (0.35-0.41) ‘ 0.32  (0.29-0.36)
30 0.36 (0.32-0.41) | 0.29 (0.24-0.32)
60 | 0.31 (0.28-0.34) ‘ 0.26 (0.22-0.28)
90 0.28 (0.21-0.30) ‘ 0.20 (0.15-0.26)

Swelling { Eszp ,,,y)

% e

(VFFE] 3 B 7 9
Incubation time (min)

Fig. 1. The effect of mitochondrial basic protein (MBP) and Na* ion on swelling of mitochondria.

The medium, 3 ml., was composed of 0.17 M-sucrose, 40 mM-choline chloride and 1.25 mm-tris

phosphate, 10 mm-tris glutamate and 10 mM-tris succinate; pH 7.3. (o), Control. The arrow in-

dicates the addition of: (A), MBP, 50 pg./ml.; (e®), MBP, 50 pg./ml., and 30 mm-NaCl; ([]),
MBP, 150 pg./ml.
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DISCUSSION

The results of the present work give further evidence of the effect of basic protein
from kidney mitochondria on the permeability of the mitochondrial membrane.
MBP, when applied at high concentration, acts as uncoupling agent: it stimulates
the respiration with succinate and glutamate by rat-liver mitochondria in State 4,
induces swelling and abolishes citrulline synthesis. This latter process in the absence
of added ATP utilizes intramitochondrially generated ATP (Charles, Tager & Slater,
1967). MBP at low concentration acts as an uncoupling agent only when Na* ion is
present in the medium. There is a similarity in action between gramicidin and MBP.
Graven, Lardy, Johnson & Rutter (1966) reported that at higher concentration grami-
cidin induced ATPase activity in the absence of cation. Chappell & Crofts (1965) de-
monstrated that at low concentration in phosphate-containing medium, gramidicin
acts as uncoupling agent: it stimulates respiration and induces swelling of mito-
chondria only in the presence of alkali-metal ions. They ascribed the action of
gramicidin to the changes in the permeability of the mitochondrial membrane for
these cations and utilization of energy in the process of their accumulation.

Mitochondrial basic protein, by changing the permeability of the mitochondrial
membrane probably decomposes high energy intermediates (difference in membrane
potential). Low concentrations of MBP require for their activity the presence of
sodium ion. This points to the possibility of participation of basic protein from
kidney mitochondria in processes of cation translocation.
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ZALEZNY OD SODU WPLYW MITOCHONDRIALNEGO BIALKA ZASADOWEGO
NA PROCESY ENERGETYCZNE MITOCHONDRIOW

Streszczenie

1. Bialko zasadowe wyizolowane z mitochondriéw nerki wieprza uzyte w niskim stezeniu
(50 pg./ml) stymuluje oddychanie mitochondriéw znajdujacych si¢ w stanie metabolicznym 4,
wywoluje ich pecznienie, oraz hamuje zachodzacy w nich proces biosyntezy cytruliny tylko w obec-
nosdci jonu sodowego w Srodowisku.

2. Dzialanie tego bialka na reakcje energetyczne mitochondriéw wydaje si¢ przypominaé
wplyw gramicydyny.

Received 24 April, 1967.

http://rcin.org.pl



ANC-TrA B1T0O0CHIMICA B O LN, C A

Vol. X1V 1967 No. 4

RECENZIJE KSIAZEK

THE USE OF INDUCED MUTATIONS IN PLANT BREEDING. Symposium Publications
Division, Pergamon Press, Oxford, London, Edinburgh, New York, Paris, Frankfurt; str 832+
-+ VIII, cena 15£.

Omawiana ksiagzka stanowi suplement do tomu 5 “Radiation Botany” i zawiera referaty wyglo-
szone na Sympozjum, ktére odbywalo si¢ w dniach 25 maja - 1 czerwca 1964 r. w Rzymie i po$wig-
cone bylo zagadnieniom zwiazanym z zastosowaniem indukowanych mutacji w hodowli roslin.
Sympozjum zorganizowane bylo przez FAO i TAEA przy wspoipracy EUCARPIA. Wziglo w nim
udzial 167 specjalistow reprezentujacych 32 kraje oraz 2 organizacje migdzynarodowe, FAO
i EURATOM.

Wygloszono 66 referatow podzielonych na nastgpujace grupy tematyczne: A. Ogélny charakter
mutacji; B. Wplyw mutagendéw, wrazliwo$¢ roslin na te zwiazki oraz kierowanie procesem muta-
cyjnym; C. Selekcja diplontyczna; D. Genetyka indukowanych mutacji, E. Zastosowanie induko-
wanych mutacji w hodowli roélin rozmnazanych plciowo; F. Zastosowanie indukowanych mutacji
w hodowli ro§lin rozmnazanych wegetatywnie; G. Indukowanie zmian chromosomowych oraz
techniki specjalne i H. Dozymetria neutronéw. Najwiecej prac dotyczylo zagadnienn objetych te-
matyka grup B, E i D. Teksty poszczeg6lnych referatéw podane sa w jezykach oryginalnych, a kazdy
referat poprzedzony jest streszczeniami w jezykach angielskim, francuskim i hiszpanskim. Przebieg
dyskusji po referatach, jak réwniez przebieg koricowej dyskusji plenarnej zamykajacej kongres
podano in extenso.

Referowane na Sympozjum prace oryginalne, jak réwniez wypowiedzi w dyskusjach wskazuja
na wyrazng zmiang¢ pogladu na znaczenie indukowanych mutacji. Niewatpliwie bowiem w pewnych
wypadkach indukowanie mutacji genowych badZ chromosomowych umozliwia osiagnigcie wy-
nikéw, ktérych nie mozna uzyska¢ innymi metodami, a w miar¢ poznawania nowych mutagenow,
swoistoéci ich dzialania oraz ulepszania techniki identyfikacji i selekcji mutantéw skuteczno$é
indukowania mutacji jako metody hodowli roélin staje si¢ coraz wigksza. Szczegblnie duze zna-
czenie maja prace zwigzane z wykrywaniem mutacyjnych zmian ilo§ciowych.

Spontaniczne mutacje genowe uwaza si¢ za podstawowy czynnik ewolucji naturalnej, istnieja
wiec przestanki by sadzi¢, ze indukowane mutacje moga odegra¢ wielka rol¢ w ewolucji w warun-
kach udomowienia. Metody indukowania mutacji nie nalezy wigc przeciwstawia¢ innym metodom
hodowli, lecz nalezy szukaé¢ mozliwosci tkwiacych we wzajemnym uzupehianiu si¢ tych metod.
Najwigksze mozliwoéci doskonalenia metody indukowania mutacji tkwia w ulepszaniu techniki
stosowania mutagenéw, zwigkszaniu skutecznosci selekcji oraz dokonywaniu szczegbélowej analizy
genetycznej.

Ksiazka stanowi dobry przeglad wiedzy w zakresie hodowli mutacyjnej do 1964 r. ze szcze-
golnym uwzglednieniem metod radiacyjnych.

Jan Bojanowski

N. Seiler: DER STOFFWECHSEL IM ZENTRALNERVENSYSTEM. Georg Thieme Verlag,
Stuttgart 1966; str. 139, Cena 24 DM.—

Monografia ta w zwartej formie przedstawia gléwne procesy metaboliczne weglowodandw,
aminokwaséw i lipidow z uwzglednieniem roli regulacyjnej witamin, hormonéw i elektrolitow
w zdrowym i chorym mézgu. Podane w ksiazce zwigzle opisy lub schematy przemian dla tkanki
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nerwowej nie réznia si¢ w istocie swojej od podstawowych proceséw metabolicznych w innych
narzadach. W krétkim wstepie omOéwiono procesy biochemiczne zwiazane z zaopatrzeniem tkanki
moézgowej w tlen i skladniki odzywcze pod katem widzenia istnienia bariery naczyniowo-moézgowej.
W nastepnym rozdziale przedstawiono proces glikozy, cykl kwasu cytrynowego oraz cykl pen-
tozowy z uwzglednieniem zaburzen przemiany weglowodanowej. W tym tez rozdziale mozna zna-
lez¢é dane dotyczace zmian w tkance mozgowej w niedotlenieniu i narkozie. Duzo uwagi poswiecit
autor w kolejnym rozdziale przemianom aminokwaséw do zwiazkéw farmakologicznie czynnych
w mbzgu, jak adrenalinie, serotoninie i acetylocholinie. W tym rozdziale zestawiono schorzenia
uwarunkowane blokiem enzymatycznym w przemianie aminokwaséw. W rozdziale o kwasach
nukleinowych i bialkach przedstawiono proces biosyntezy bialek w tkance nerwowej, a przemiang
lipidéw w mozgu ujeto w nastepnym rozdziale kilkoma przejrzystymi schematami. Na tle pra-
widlowych przemian w mézgu omawia autor Zzmiany w przebiegu reakcji enzymatycznych w sta-
nach chorobowych. Stwierdzone zmiany stgzenn metabolitow w tkance nerwowej przyporzadkowano
licznym objawom neurologicznym i psychiatrycznym. Szczegblnie cenne w tej ksiazce jest umie-
jetne powiazanie zmian czynno$ciowych w moézgu w stanie zdrowia i choroby z procesami meta-
bolicznymi tkanki nerwowej.
Ksiazka zostala zaopatrzona w bardzo obszerna i cenna bibliografi¢ obejmujaca 788 pozycji.
Szata wydawnicza ksiazki jest bardzo staranna.
Leon Zelewski

J. Leggett Bailey: TECHNIQUES IN PROTEIN CHEMISTRY, II wydanie poprawione
i uzupehione. Elsevier Publ. Co., Amsterdam - London - New York, 1967; 406 str., cena Dfl. 55.

Gdy w 1962 r. ukazalo si¢ pierwsze wydanie ksiazki Bailey’a, zostalo ono przyjete ze zrozu-
mialym zainteresowaniem jako jedna z pierwszych prob zwigzlego i krytycznego przegladu prak-
tycznych metod badania substancji biatkowych.

Szybki rozwdj chemii i biochemii bialek oraz konieczno$¢ stosowania metod badania’bialek
w wielu dziedzinach nie tylko teoretycznych lecz takze praktycznych w pelni usprawiedliwiaja
potrzebe nowego, rozszerzonego wydania ksiazki, stanowiacej podreczne dzielo przydatne w kaz-
dym laboratorium zwigzanym z badaniem bialek.

Autor utrzymat pierwotny uklad ksiazki, dodajac tylko jeden rozdziat o chemicznej syntezie
niektérych prostych peptydéw. Objetosé poszezegblnych rozdzialdow musiala jednak ulec zwigksze-
niu. Tak na przyklad rozdzial o chromatograficznym rozdzielaniu aminokwasow powigkszyl si¢
0 opis nowoczesnych metod chromatografii cienkowarstwowej oraz dokladniejszy niz w poprzednim
wydaniu opis automatycznej analizy mieszanin aminokwasowych. Pozostawiono niestety bardzo
obszerne opisy iloSciowego oznaczania aminokwaséw przy pomocy jednokierunkowej chroma-
tografii bibulowej — metody, ktdra jest bez watpienia wypierana przez bardziej nowoczesne ilo$cio-
we metody.

Rozszerzony zostal rozdzial o analizie grup koficowych bialek i peptydéw. Trudno jednakze zgo-
dzié¢ si¢ z opinia autora umieszczona we wstepie, Ze czytelnik moze korzysta¢ w praktyce z opisow
metodycznych zamieszczonych w ksiazee bez potrzeby siggania do Zrédel. Tak na przykiad metoda
kolumnowej chromatografii dwunitrofenylowych pochodnych aminokwaséw opisana przez Methe-
sona z pewno$cia nie bedzie mogla zostaé powt6rzona na podstawie przytoczonego opisu. Autor
nie zaznaczy! tez, ze metoda ta jest jedna z najlepszych metod rozdziatu, dajaca catkowicie iloSciowe
wyniki; utrudnia to bez watpienia wybér tym, kt6érzy nie maja zbyt duzego wlasnego doSwiadczenia.

Znacznie rozszerzony zostal rozdzial dotyczacy filtracji na zelu. Podane sa metody praktyczne
i teoria rozdzialu. Autor wspomina nawet o tak nowych osiagnigciach jak stosowanie agarozy,
przemilcza jednakze istnienie Bio-gelu.

Niestusznym wydaje si¢ takze przemilczenie istnienia DEAE-Sephadexu i CM-Sephadexu
w rozdzialach, gdzie szczegélowo omawia si¢ odpowiednie pochodne celulozowe.

W przedmowie autor usprawiedliwia si¢, Ze nie umiescil w swej ksiazce rozdzialu o ultrawi-
rowaniu bialek ze wzgledu na to, ze odpowiednie metody sa opisane w instrukcjach do przyrzadow.
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Nalezy jednakze podkresli¢, ze w instrukcjach MSE oraz Spinco z ubieglego roku nie ma zadnych
informacji z wyjatkiem powolania na prace Zrodlowe odnosnie tak waznej i szeroko uzywanej
metody jak wirowanie w gradientach gesto$ci. Pewna niekonsekwencja jest takze szczegblowy
opis filtracji na zelu, chociaz w tym przypadku rzeczywiscie informacje producenta docierajace
do kazdego biochemika daja wyczerpujacy opis teorii i praktyki oraz pelne piSmiennictwo.

Rozdziat o elektroforezie zonalnej zostal znacznie unowocze$niony przez wprowadzenie opiséw
rozdzialu na zelu akryloamidowym i octanie celulozy.

W sumie nalezy powiedzieé, ze drugie wydanie Techniques in Protein Chemistry jest rzeczywiscie
znacznie unowocze$nione w pordwnaniu z pierwszym i aczkolwiek stanowi podrecznik dotyczacy
w gléwnej mierze bardziej klasycznych metod chemii i biochemii bialek, tym niemniej jest pozycja
bardzo warto$ciowa, ktoéra niewatpliwie ulatwi pracg w tysiacach laboratoriéw zajmujacych si¢

badaniem bialek.
Michal Bagdasarian

C.J. Duncan: THE MOLECULAR PROPERTIES AND EVOLUTION OF EXCITABLE
CELLS. International Series of Monographs in Pure and Applied Biology (Zoology Division),
vol. 35. Pergamon Press, Oxford 1967; str. 253, cena 70 s.

W ciagu ostatnich 10 lat nagromadzono olbrzymi material do§wiadczalny przemawiajacy za
tym, ze fizykochemiczne wlasciwosci blony komérkowej komorek pobudliwych sa kontrolowane
przez czynne procesy enzymatyczne, a wigc ze te procesy determinuja tak podstawowe zjawiska
jak pobudzenie i pobudliwo$é. Do najwazniejszych czynnikéw w tym zakresie nalezy wykrycie
w blonach komérkowych mechanoenzyméw — kurczliwych bialek zblizonych do aktomiozynu
i posiadajacych wiasnosci ATP-azowe.

Duncan przedstawia w swej monografii fascynujaca hipoteze unifikujaca mechanizm funkcji
wszystkich komérek pobudliwych i ich poszczegblnych rézniacych sig¢ funkcjonalnie czesci: ele-
mentéw wejsciowych — receptorow, przewodzacych — akson6w oraz wyjsciowych — wydzielni-
czych blon presynaptycznych oraz blon postsynaptycznych. Te poszczeg6lne elementy wystepujace
u zwierzat wyzszych rozwinely si¢ z prostego ukladu receptorowo-efektorowego wystepujacego
u ameb. Mechaniczna deformacja blony komérkowej tych zwierzat wywoluje zmiang w stosunku
membranowej ATP-azy do jej substratu powodujac bezposrednia zmiane jej przestrzennej kon-
figuracji i efekty ruchowe. W toku rozwoju membranowa ATP-aza jednokomoOrkowcow uzyskala
inne funkcje, a przede wszystkim mechaniczna kontrolg $rednicy poréw blony komoérkowej (a wiec
jej przepuszczalnosci dla jonéw) oraz czynny transport jonéw. Gléwnym przedmiotem zaintere-
sowania autora jest mechanizm zmian biernej przepuszczalnosci blony komoérkowej dla jonéw,
bedacych przyczyna generowania potencjaléw czynno$ciowych w odpowiedzi na dzialajace na
nie bodZce. Konsekwentnie i logicznie autor dokonuje analizy olbrzymiego materiatu do$wiad-
czalnego nagromadzonego w literaturze, upowazniajacej go do przypuszczenia, ze we wszystkich
rozpatrywanych przez niego elementach komérek pobudliwych bodziec powoduje zmiang stosunku
mechanoenzym-substrat doprowadzajaca do strukturalnego przeksztalcenia enzymu i zmiany
$rednicy poréw blony. Nieslychanie cennym i atrakcyjnym elementem hipotezy Duncana jest wy-
korzystanie danych dotyczacych wlasciwosci cholinesterazowych membranowych ATP-az. Bylyby
to miejsca receptorowe mechanoenzymu warunkujace jego wrazliwo$é na acetylocholing, a tym
samym warunkujace chemowrazliwo$¢ np. blony postsynaptycznej na mediator.

Hipoteza Duncana oparta jest na wnikliwej, krytycznej analizie ogromnego materiatu, stano-
wiacego caly prawie dorobek wspolczesnej fizjologii i biochemii komoérek pobudliwych. Mono-
grafia jego jest wiec niezwykle cennym przegladem literatury w tym zakresie, tym cenniejszym
ze prace, na ktoérych jest oparta, sa rozproszone po setkach czasopism roéznych specjalnosci i wobec
tego trudne do wysledzenia przez przecigtnego czytelnika.

Monografia Duncana jest synteza jednego z najbardziej fascynujacych kierunkéw badan wspol-
czesnej biologii, lezacego na pograniczu fizjologii, biochemii i biofizyki, i zapelia dotkliwa luke
w monograficznej i podrecznikowej literaturze tych zagadnien.
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Organisch-chemische Arzneimittel
und ihre Synonyma

Eine tabellarische Ubersicht

Von Dr. MARTIN NEGWER

3., neubearbeitete, und stark erweiterte Auflage 1966. VIII, 1224 Seiten — gr. 8° -—
Lederin MDN 110,—

Diese tabellarische Ubersicht ist in den wenigen Jahren seit dem Erscheinen ihrer
ersten Auflage zu einem unentbehrlichen Standardwerk fiir all jene geworden, die
mit Arzneimitteln zu tun haben.

Die dritte Auflage muBlte wegen der seit Herausgabe der zweiten Auflage im Jahre
1961 in groBer Zahl neuentdeckten Arzneimittel wiederum stark erweitert werden.
Der Verfasser bemiihte sich aulerdem, noch vorhandene Liicken bei der Wiedergabe
der Synonyma aus allen Ldndern der Erde weitgehend zu schlieBen. Dadurch hat
sich der Umfang des gebotenen Materials gegeniiber der zweiten Auflage von 2600
chemisch einheitlichen Arzneistoffen mit mehr als 16 000 Synonyma auf iiber 3900
Arzneistoffe mit etwa 26 000 Synonyma erhoht.

Dariiber hinaus nahm der Verfasser verschiedene weitere Verbesserungen vor. So
wurde die Wiedergabe der Strukturformeln der Steroide und der quartiren Ammo-
niumverbindungen modernisiert. Die systematischen Namen wurden weitgehend der
IU PAC-Nomenklatur angepaf3t, daneben jedoch die #lteren, noch hiufig verwen-
deten Bezeichnungen auch weiterhin aufgefiihrt. Bei den Synonyma wurde eine
unterschiedliche Kennzeichnung der von der Weltgesundheitsorganisation (WHO)
vorgeschlagenen und der endgiiltig festgelegten internationalen Freinamen vorge-
nommen. Bei zahlreichen Arzneistoffen wurde eine eingehendere ,.Charakterisierung
bzw. therapeutische Verwendung” angegeben.

Dem Buch wurde zusidtzlich zum Synonymaregister ein iiber 800 Stichworte ent-
haltendes Gruppenregister beigefiigt, durch das chemisch und zum Teil auch phar-
mazeutisch miteinander verwandte Arzneistoffe leichter aufgefunden werden konnen.

AUS DEN ZAHLREICHEN FACHURTEILEN

...Die in dem Werk angewandte Anordnung der Arzneimittel nach steigenden
Summenformeln hat sich ausgezeichnet bewidhrt. Sie erlaubt, jedes Arzneimittel

ohne Kenntnis eines Synonyms leicht aufzufinden.
Freiheit, Halle/Saale, 1962

...stellt ein ausgezeichnetes Nachschlagewerk dar, das eine schnelle Orientierung
iiber die chemische Zusammensetzung eines Arzneimittels, seine im In- und Ausland
gebrduchlichen Synonyma sowie iiber die therapeutische Versendung ermoglicht.
Druck und Ausstattung des Buches sind lobenswert. «
Pharmazeutische Zentralhalle, Dresden, 1962

...Die vorliegende Neubearbeitung wird jedem Pharmazeuten, pharmazeutischen
Chemiker, Pharmakologen und Mediziner von grofiem Nutzen sein.
Archiv der Pharmazie, Heidelberg, 1962

...Das Werk ist ein ganz vorziiglicher, auch wissenschaftlich wertvoller Fiihrer
durch die Fiille unserer Arzneimittel. Es wird jedem Chemiker, Pharmakologen,
Pharmazeuten und Mediziner, der auf den Gebieten der Erforschung, der Anwen-
dung oder der Herstellung chemisch-pharmazeutischer Préparate tatig ist, niitzlich
sein, denn es gehort zu den besten Orientierungs- und Nachschlagewerken, die je
fiir das Gebiet der Arzneimittel geschrieben worden sind.
Arzneimittel-Forschung, Aulendorf/Wiirttemberg, 1952

Bestellungen durch eine Buchhandlung erbeten

Zamébéwienia mozna skladaé w ksiegarniach prowadzacych sprzedaz wydawnictw importo-
wanych oraz w Os$rodku Rozpowszechniania Wydawnictw Naukowych PAN (Warszawa,
Palac Kultury i Nauki, wejScie gléwne od ul. Marszalkowskiej).

LD EMIE -V ERLAG IBE RN TN
DDR, 108 BERLIN, LETPZIGER STR. 3—4




‘-fv . ':.‘V;x;L_f‘ v -I‘

11‘!

1 _'.'\..7_" Kis

e 1-"

* it
3 _7 i L' ':ua?y




	A. POLANOWSKI TRYPSIN INHIBITOR FROM RYE SEEDS
	L. NOWAK and W. SZER SYNTHETIC POLYRIBONUCLEOTIDE ATTACHMENT TO BACTERIAL RIBOSOMES
	IRENA CHMIELEWSKA, BARBARA BUŁHAK and K. TOCZKO DIKETOPIPERAZINES, THE NON-ASSIMILABLE COMPONENTS OF PANCREATIC HYDROLYSATES OF PROTEIN FOR INFUSION
	P. SZAFRAŃSKI, JADWIGA PASSENT and KRYSTYNA GOCMAN TRANSLATION PROCESSES IN THE E. COLI CELL-FREE SYSTEM IN THE PRESENCE OF NATURAL MESSENGER RNA’s
	JADWIGA GNIOT-SZULŻYCKA and L. M. DZIAŁOSZYŃSKI SEPARATION AND PURIFICATION OF SOLUBLE ARYLSULPHATASES OF HUMAŃ PLACENTA
	J. POPINIGIS THE SODIUM-DEPENDENT EFFECT OF MITOCHONDRIAL BASIC PROTEIN ON ENERGY METABOLISM IN MITOCHONDRIA
	RECENZJE KSIĄŻEK



