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J. JANICKI, F. PEDZIWILK, J. SKUPIN, J. KOWALCZYK,
KRYSTYNA NOWAKOWSKA and KRYSTYNA TROJANOWSKA

LIGHT-SENSITIVE DERIVATIVES OF THE CORRINOID-PROTEIN
COMPLEXES FROM PROPIONIBACTERIUM SHERMANII CELLS*

Department of Agricultural Techhology, College of Agriculture, Poznan

To elucidate whether the mative corrinoids are bound to specific
proteins, or the protein-corrinoid binding is an artifact formed during
the isolation procedure, different preparations from Propionibacterium
shermanii cells have been compared [17]. The isolated protein-bound
corrinoids when subjected to different purification procedures showed
some variations in the amino acid contents and electrophoretic mobility.
The ratio of the protein to the corrinoid was as 1:1 and the absorption
spectra of the complexes differed markedly from that of the crystalline
a-5,6-dimethylbenzimidazolylcobamide (vitamin Byjs). Whereas these
studies were aimed at isolation of the corrinoid-protein complexes
(Bi2-M)!, without taking any precautions to avoid light-induced mole-
cular changes, the present work is concerned primarily with the
photosensitive form of the corrinoid-protein complex (Bjs-M-S). By
studying the protein-binding capacity of the light-sensitive corrinoids
from P. shermanii it was hoped to obtain some data concerning the role
of specific proteins in the biochemical functions of some vitamin Bjs
cocenzymes [22, 6].

MATERIAL AND METHODS

All operations and procedures throughout this work (except the
amino acid determination and chromatographic separation after exposure
to daylight) were performed in dispersed red light or in a completely
dark room.

* This study was partially supported by a grant (PL-480, FG-Po-137) from
the U.S.Department of Agriculture, Agricultural Research Service.

1 The following abbreviations are used throughout this text: Bys, crystalline
«-5,6-dimethylbenzimidazolylcobamide; Bj;-M, a-5,6-dimethylbenzimidazolylcob-
amide-protein complex [17]; Bj;-M-S, light-sensitive corrinoid-protein preparation;
B»-M-S;, photolysed Bjp-M-S.
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196 J. JANICKI and OTHERS (21

Growth and harvesting of bacteria. As the source of the light-
-sensitive corrinoid-protein complexes (B;-M-S), Propionibacterium
shermanii-1 cells were used. The stock culture was maintained on
a yeast-glucose medium supplemented with casein hydrolysate [23].
Cultures were incubated in 5 litres of liquid medium composed of acid
and enzymic hydrolysates of casein, added with mineral salts, vitamins
and glucose [23]. The medium adjusted to pH 6.5 was sterilized for
30 min. at 120°, and to each 4-litre portion 1000 ml. of inoculum was
added. The inoculum was previously subjected to threefold transfer at
two-day intervals. Then the bacteria were allowed to grow for 8 days
at 30°. During the first 24 hr. the dropping pH was adjusted every
hour to 6.8-7.0 with concentrated ammonia. At the end of this period,
20 ml. of 60% glucose solution was added per 1 litre of the medium,
and after the first 48 hr. of incubation, 16 mg. of 5,6-dimethylbenzimi-
dazole per 1 litre was added. The cells were harvested by centrifugation,
washed with distilled water and centrifuged again. One litre of the
culture yielded approximately 56 g. of cell wet weight. Before further
treatment the material was stored at -20°.

Isolation of Bjy-M-S. The procedure of Mulli & Schmidt [20, 17] was
followed except that the daylight was excluded. The combined phenol
extracts were carefully washed with distilled water and treated with
9 volumes of acetone. After several hours, the brick-orange precipitate
was separated by centrifugation, washed with ethanol and dried in
vacuo over concentrated HySO,.

Absorption spectrum. This was measured in 0.01 M-phosphate buffer,
pH 0.8, in a Unicam SP-700 automatic reconding double-beam spectro-
photometer.

Amino acid composition. The preparation was hydrolysed in 6 N-HCI
(A. R.) for 22 hr. at 110° in a tube sealed under nitrogen. A 500:1
weight ratio of the acid to the material was applied. After hydrolysis
the acid was evaporated under reduced pressure, the residue was added
with distilled water (corresponding to 1/4 volume of the acid used) and
the solution was evaporated again. The residue was then added with
0.1 m-citrate buffer, pH 2.2, to obtain a concentration corresponding to
1 mg. protein per 1 ml. and the insoluble material was removed by
filtration; in the clear solution, amino acids were analysed according to
Spackman, Moore & Stein [26] using an automatic amino acid analyser
(Phoenix Precision Inst. Co., Model K-5000-A). The solution correspond-
ing to 1-4 mg. of the starting material, was loaded on an Amberlite
IR-120 (150 X 0.9 cm.) column. A rapid procedure was also applied in
which a smaller column (55 X 0.9 cm.) packed with finer particles of
Amberlite IR-120 [27] was used. This modification allowed to achieve
a complete resolution of the acidic and neutral amino acids within 6 hr.
instead of 17 hr.
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3] CORRINOID-PROTEIN COMPLEXES 197

Paper chromatography. The homogeneity and chromatographic
mobilities of the preparations studied, were tested on Whatman mo. 1
paper using the descending techmnique in three solvent systems [8]:
(A), butan-2-ol - ammonia (23%) - water (100:1:50, by vol.); (B), butan-
-2-0l - ammonia (23%0) - water - 5% solution of potassium cyanide (100:1:
:50:0.25, by wol.); and (C), butan-2-ol - acetic acid - water - 5%o solution
of KCN (100:1:50:0.25, by vol.). In each case the time of development
was 20 hr. In preliminary experiments several solvent systems were
examined, and the butan-2-ol containing solvents were found to give
the best resolution.

Paper electrophoresis. This was performed according to Holdsworth
[15] on Whatman no. 3 paper in five solvent systems: (I), 1 N-acetic
acid, pH 2.7 [15]; (II), 1N-acetic acid with 0.015%% KCN, pH 2.7;
(III), 0.1 M-KCN solution, pH 11 [1]; (IV), phosphate buffer, pH 6.5; and
(V), phosphate buffer, pH 6.5, with 0.015% KCN; the voltage gradient
being 9 v/em. and time 10 hr.

Chromatography on CM-Sephadex G-25. The capacity of CM-Sepha-
dex G-25 (Pharmacia, Uppsala, Sweden) to adsorb haemoglobin when
equilibrated with sodium phosphate buffer (ionic strength 0.05, pH 6.5)
was 0.7 g./g. Before use the exchanger was treated according to Flodin
[10], then packed into a tube 2 cm. in diameter to a height of 24 cm.
and equilibrated with 0.01 i~potassium-phosphate buffer, pH 6.8. The
elution was carried out with 110-120 ml. of 0.01 »-phosphate buffer,
pH 6.8, and subsequently with 0.05M-phosphate buffer of the same pH.
The flow rate was 60 ml. per hour and fractions of 2-4 ml. were
collected. The elution was completed within about 5 hr. In all fractions
the extinction at 260, 280 and 530 mp was measured in a Unicam
SP-500 spectrophotometer.

Growth factor activity. This was assayed on Escherichia coli 113-3
both by plate [12,16] and tube [9] procedures, the latter being applied
in the modification of Hedbom [13]. The results were expressed as
percentages of the activity of crystalline vitamin Bys.

Photolysis. The light-sensitive complexes in 0.01 M-phosphate solution,
PH 6.8, were exposed to direct sunlight for 8 hr. unless otherwise
indicated.

RESULTS AND DISCUSSION

The yield of the Byy-M-S preparation was 30 -40 mg. per 1 kg. of
cell wet weight. The bright-orange colour of this material differed
markedly from that of the Byy-M preparation [17] and was typical for
the Bjs-coenzymes [2, 22]. Paper chromatography run in dark chambers
showed the heterogeneity of the isolated preparations. In alkaline
sec.-butanol solvent (Fig. 1, A) the Byy-M-S complex separated into four
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198 J. JANICKI and OTHERS [4]

fractions whereas Bjs-M into five. None of the spots obtained either
from By9-M-S or from Byy-M, was located in the position corresponding
to that of crystalline vitamin Bj,. It seems worth moting that the brick-
-orange colour, characteristic for the light-sensitive forms of corrinoids,
remained unaltered even after a prolonged period of separation and
exposure to light of the eluate. The main part of the Bj;-M-S prepa-
ration was located on the chromatogram in a position different from
that of Bjs-M. The spots moving somewhat faster than the main
fraction of Byy-M-S corresponded to the conversion product of Bjy-M-S
into Bys-M. In the presence of CN—ion (Fig. 1, B) the B;s-M preparation
moved into a position which roughly corresponds to that of vitamin By,
whereas only a small part of Byy-M-S was converted into cyanocoba-
lamin, the main part not being cleaved. It seems that the alkaline pH
of the solvent, as well as the presence of the protein moiety, protected
the Bj;-M-S against degradation by cyanide. This view appears to be
supported by the results obtained with the solvent system C. The acidic
medium accelerated greatly the cyanide-induced conversion of Bjs-M-S
into the By;-M complex (Fig. 1, C).

By paper electrophoresis, a smaller number of fractions from Bjy-M-S
was obtained than by paper chromatography; the former, however,
allowed to obtain larger amounts of fractions thus facilitating further
analysis. Electrophoresis of Byy-M-S- in 1N-acetic acid at pH 2.7 in the
absence of cyanide (Fig. 2, I) gave one small electroneutral fraction (1)
and two electropositive fractions (2 and 3). The weight ratio of fractions
2 and 3 was 1:3. Fraction 2 was located in the position of Byy-M. Cry-
stalline vitamin By, under the same conditions retained its electroneutral
character. When the Bjy-M-S preparation was exposed to daylight for
a total of 48 hr. (B;3-M-S;) and then subjected to paper electrophoresis,
a spot in the position of Byy-M was obtained.

Addition of cyanide to the 1n-acetic acid solution (Fig. 2, II) resulted
in the conversion of the main part of the B;;-M complex into
cyanocobalamin. Bjs-M-S, however, was only partially cleaved; the
cyanocobalamin spot was smaller than the main fraction, which retained
the characteristic orange colour even after prolonged exposure to
daylight. The photolysed By-M-S preparation, during electrophoresis in
the presence of KCN was almost completely converted into cyanoco-
balamin.

The electrophoresis of Bjs-M-S, Bj3-M-S; and By;-M in KCN solution,
pH 11 (Fig. 2, III) resulted in total degradation of these complexes into
cyanocobalamin. However, the electrophoresis in phosphate buffer,
pH 6.5 (without cyanide, Fig. 2, IV), resulted in the conversion of only
a part of Byy-M-S into vitamin Byy, whereas By,-M was almost completely
cleaved. The main fraction of By;-M-S retained the characteristic orange
colour. When cyanide was added to the phosphate buffer (Fig. 2, V),

http://rcin.org.pl



A B

c
Bz BaM BpMS Bz BygM Bpt*S Bp BgM BgMS

Fig. 1. Paper chromatography of Bj,-M-S and vitamin By in (A) butan-2-ol - 23"

ammonia - water (100:1:50, by vol); (B), butan-2-ol - 23% ammonia - water - 5%

KCN solution (100:1:50:0.25, by vol); (C), butan-2-ol - acetic acid - water - 5o KCN
solution (100:1:50:0.25, by vol.).
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Fig. 2. Electrophoretic patterns of vitamin By, Bj-M, By,-M-S and Byy-M-S; .

Electrophoresis was performed in: (I), 1N-acetic acid, pH 2.7; (II), 1 ~-acetic

acid - 0.015°/0 KCN solution; (III), 0.1 M-KCN solution, pH 11; (IV), phosphate
buffer, pH 6.5; (V), phosphate buffer, pH 6.5, with 0.015% KCN solution.

ACTA BIOCHIM. POLON., vol. VII, 1965 (facing p. 198)

http://rcin.org.pl

a;«,«"ﬁi}:" b 2

B s

t






5] CORRINOID-PROTEIN COMPLEXES 199

a complete conversion of Bj,-M-S and Bjs-M into cyanocobalamin took
place.

From these studies it appears that the acidic medium had a protecting
effect against cyanide-induced conversion of the corrinoid-protein
ccmplexes.

The absorption spectra of the crude By,-M-S preparation and its
electrophoretic fractions 1 and 3-(cf. Fig. 2, I) are illustrated in Fig. 3.
The spectrum of the small fraction 1 was found to be typical for vitamin
Byo. Presence of this compound in the crude Bjy-M-S preparation was
probably due to the insufficient protection of the preparation against
daylight during its isolation and purification. The absorption spectrum
of fraction 3 was found to be similar to that of 5,6-dimethylbenzimida-
zolylcobamide coenzyme [4,5], indicating the presence of this com-
pound in the Byy-M-S complex. The crude By;-M-S preparation con-
taining fraction 1, had the absorption spectrum slightly different from

~ Trarsmission (%)

)

of the crude Bj,-M-S preparation, \|

and of the electrophoretically sepa- ; ; \

rated fractions (---), B;p;-M-S 1 and 250 . 800 350 400 500 600
(———), By-M-S 3. Wavelength (mu)

Fig. 3. Absorption spectra: ¢

that of the vitamin B,y coenzyme. This was most apparent in the region
of 350 mu. It is worth to remember that all purified cobamide coenzymes
are caaracterized by a prominent peak at 260 mu and by absence of an
absorption maximum at 350 - 360 mw, the absorbancy peaks of the
coenzymes in the visible region being at lower wavelengths than those
of the corresponding vitamins.

For separating the free from bound forms of corrinoids, dialysis
[7,24] and ultrafiltration [11] with the use of radioactive vitamin By
are the most commonly applied methods. These techniques, however, have
some disadvantages such as dissociation of the complex [25] and partial
denaturation of the protein during the procedure, as well as variability
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200 J. JANICKI and OTHERS (6]

of results depending on the technique used. Recently, gel filtration and
chromatography on Sephadex columns have been introduced [10]. The
molecular weight of proteins bound to corrinoids has consistently been
found to be above 5000 [29], therefore Sephadex G-25, which excludes
material whose molecular weight exceeds 3500-4 000, is especially
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Fig. 4. Chromatography of the By;-M-S preparation on CM-Sephadex G-25 column
(24 X 2 cm.). The column was loaded with a solution containing 9.8 mg. of Bj;-M-S
and eluted with 0.01 M and 0.05 M-K-phosphate buffer, pH 6.8. In the effluent
the extinction was measured at (- - -), 260 mu; (—+—) 280 mp and ( ), 530 mu.

001m t 0.05M
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Fig. 5. Chromatography of the photolysed B;,-M-S preparation on CM-Sephadex

G-25 column (24 X2 cm.). The column was loaded with a solution containing

9.2 mg. of By;-M-S; and eluted with 0.01 M and 0.05 M-K-phosphate buffer, pH 6.8.

In the effluent the extinction was measured at (---), 260 mp (—+—), 280 mu;
and ( ), 530 mp.
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[71 CORRINOID-PROTEIN COMPLEXES 201

suitable for separating free from bound corrinoids [19]. To obtain
additional confirmation of the heterogeneity of the Bjs-M-S complex,
the preparation was chromatographed on a CM-Sephadex G-25 column.
In the absence of daylight, B;s-M-S separated into two heterogeneous
fractions (Fig. 4) and after photolysis into four coloured fractions (Fig. 5,
peaks 1,2, 4, 5,6 and 7) and one colourless peak. The photolysis changed
also the chromatographic distribution of the coloured material. Whereas
prior to photolysis the main fraction was eluted with 0.01 a-phosphate
buffer, after exposure to light the main coloured fraction was eluted
with 0.05 m-phosphate buffer (Fig. 5, peaks 6 and 7). This seems to be
due to a shift of the electric charge in the corrinoid moiety, induced by
photolysis. The extinction determinations at 280 and 530 mu in the
effluents of the photolysed Bj;-M-S complex seem to indicate a rather
strong binding of the protein to the corrinoid. The lack of a typical
protein fraction with E_, at 280 mu in the effluents suggests that
light-induced degradation of Byy-M-S does mot cause the liberation of
the mative protein.

Transmission (%)

1

Fig. 6. UV absorption spectrum of the 250 sbo 350
column chromatographic fraction 3 of the
photolysed By;-M-S preparation (cf. Fig. 5).

Wavelength (mp)

To obtain further data concerning the fractions of Bjs-M-S;, the
UV absorption spectra of peaks 3,5 and 7 were determined. The spe-
ctrum of the material from peak 3 was typical for adenine with
a maximum at 263 mu at meutral pH (Fig. 6). This indicates that the
mechanism of photolysis involves the cleavage of the carbon-cobalt bond
within the molecule of the Bj,-M-S complex, followed by an electron
shift resulting in the liberation of an adenosine-like compound. It seems
that the 5-deoxyadenosyl moiety in the cobamide coenzymes affects the
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202 J. JANICKI and OTHERS [8]

co-ordinate bond between the mucleotide and the cobalt atom. One of
the characteristic properties of the cobamide coenzymes is their
instability in light [28]. Exposure of an aqueous solution of coenzyme
Bys to light causes a loss of coenzyme activity and a change in the
absorption spectrum. Photolytic cleavage of coenzyme B, in the pre-
sence of air results in the formation of aquocobalamin and two
colourless compounds that have absorption spectra similar to ade-
nosine [3].

Cyanide converts the cobalamin coenzyme into cyanocobalamin by
splitting off adenine and erythro-3,4-dihydroxy-1-penten-5-al [18]. This
reaction is not affected by atmospheric oxygen [5]. Various corrinoid
coenzymes are cleaved by light and cyanide in the same manner as the
cobalamin coenzyme but at different rates [21]. The isolated protein-
containing light-sensitive corrinoid preparation seems to have similar
properties. Peak 3 of the photolysis product, which had an absorption
maxium at 263 mu, may be identical with the adenine-g-p-ribo-
-pentofuranosyldialdose (adenosine-5-aldehyde) demonstrated as a pro-
duct of photolytic cleavage of coenzyme By [12]. This assumption,
however, requires further studies.

Peak 5, yellowish-brown in colour, showed absorption maxima at
215, 338 and 476 mup which differed markedly from those of the
naturally occurring vitamin B analogues. The spectrum of peak 7 was
similar to that of crystalline vitamin B;, except in having a broad
maximum between 260 and 280 mu, indicating the presence of protein.
This fraction 7 suggests the occurrence of light-induced conversion of
the Bj3-M-S complex into a stable protein-bound 5,6-dimethylbenzimi-
dazolylcobamide.

The amino acid composition of protein-containing light-sensitive
corrinoid preparations is given in Table 1. The amounts of individual
amino acids are expressed as g. per 100 g. of the whole complex and
as percentages of total amino acids found. Both the crude B;,-M-S and
the preparation purified according to Mulli & Schmidt [20] were ana-
lysed. The purified B;,-M-S during paper electrophoresis in 0.1 N-acetic
acid separated, similarly as the crude preparation, into two fractions
which were also subjected to amino acid analysis. The electrophoretic
fraction 2, containing a relatively high amount of glutamic acid, was
called the glutamate fraction, and fraction 3 rich in glycine, the glycine
fraction. In all preparations analysed, 16 amino acids were present but
no cysteine and/or cystine was found. Proline and glutamic acid were
present in rather high amounts in all the preparations studied. Among
the basic amino acids, histidine was the predominant one. These results
are similar to those found earlier [17] for the Byj;-M complex isolated
from P. shermanii cells under conditions in which light-induced degra-
dation of the By; coenzyme-like compounds could take place.

http://rcin.org.pl



91 CORRINOID-PROTEIN COMPLEXES 203

Tahble 1

Amino acid composition of the Bj;-M-S complex and its electrophoretic
fractions

From the purified Bj,-M-S preparations, fractions 2 (glutamate) and 3 (glycine)

were separated by electrophoresis (Fig. 2, I). The amount of the respective amino

acid is given A, in g. per 100 g. of the complex and B, as percentage of the total

amino acids; this latter. value, as well as the weight ratio, were calculated
without taking into account the NHj; content.

Bi>-M-S B>-M-S Glutamate Glycine :
Amino acid crude J purified fraction fraction ‘
ST SR R AT B A" FIap

Lysine 0.86 4.32 0.39 3.71 0.20 1.71 0.18 2.96
Histidine 1.10 5.53 0.67 6.38 0.81 6.94 0.28 4.61
NH; 4.04 — 3.71 — 4.08 - 6.23 —
Arginine 0.34 1.72 0.17 1.62 0.12 1.03 0.06 0.98
Aspartic acid 0.48 2.41 0.32 3.05 0.36 3.09 0.20 3.29
Threonine 0.77 3.87 0.58 5.52 0.94 8.06 0.22 3.62
Serine 0.37 1.86 0.11 1.05 0.40 343 0.22 3.62
Glutamic acid 3.43 17.23 1.67 15.50 2.68 22,98 0.90 14.80
Proline 5.45 27.38 3.11 29.62 3.41 29.24 1.20 19.74
Glycine 1.07 5.38 1.10 10.47 0.48 4.12 1.49 24.51
Alanine 0.26 1.31 0.15 1.43 0.23 1.97 0.12 1.99
Valine 1.28 6.43 0.38 3.62 0.28 2.40 0.22 3.62
Methionine

+Met-SO; 0.37 1.86 0.19 1.81 0.20 1.71 0.17 2.80
Isoleucine 0.61 3.07 0.35 3:33 0.18 1.54 0.21 345
Leucine 1.59 8.00 0.85 8.09 0.98 8.40 0.30 4.93
Tyrosine 0.31 1.56 0.04 0.38 0.10 0.86 0.06 0.98
Phenylalanine 1.62 8.14 0.51 4.86 0.30 2.51 0.25 4.11
Total minus NH; 19.91 | 100.1 10.51 | 10044 | 11.66 | 100.05 6.08 | 100.01
Protein to corri-

noid wt. ratio 1:4.0 1:8.5 1:7.6 1:15.4

The Byy-M-S complex differs greatly, however, from the Bj3-M as
regards the ratio of the protein to the corrinoid. This value was found
to be 1:1 for Byy-M whereas for the crude By;-M-S it was 1:4 and for
the glycine fraction even 1:15. The lower amount of protein in the
Bys-M-S complex seems to indicate that only part of the protein present
in By3-M combines with the light-sensitive form of corrinoids.

The amount of glycine in the protein of the crude Bj;-M-S prepa-
ration was found to be at least twice as great as that in the protein of
the Bj;-M preparation [17], and in the light-sensitive preparations
studied the content of glycine was greater when the content of protein
was smaller. This seems to suggest that glycine, or its polypeptide, has
a specific function in the structure and biological activity of the Byjy-M-S
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204 J. JANICKI and OTHERS [10]

complexes. The amounts of other amino acids present in Byy-M-S and
Bis-M compounds were fairly similar which may indicate that a highly
specific protein is required for the formation of these complexes.

The purification of the crude By,-M-S preparation resulted in the
loss of half of the protein content, probably due to the removal of
loosely bound protein; simultaneously an increase was observed of
glycine, threonine, aspartic acid and histidine contents whereas the
amounts of tyrosine, phenylalanine, valine, serine and lysine became
lower.

The two fractions 2 and 3 obtained by electrophoresis from the
purified By;-M-S complex differed markedly in their protein contents.
The glutamate fraction contained 12° of protein whereas the glycine
one, only 6%. In comparison with the purified By;-M-S complex, the
glutamate fraction had significantly higher amounts of serine, tyrosine,
threonine, alanine and glutamic acid, the same amounts of histidine,
aspartic acid, proline, leucine and methionine, and smaller amounts of
the remaining amino acids. On the other hand, the glycine fraction
contained more serine, tyrosine, glycine, methionine and alanine, and
less leucine, arginine, threonine, proline and histidine, than the B,-M-S
complex. The amino acid composition of the glutamate and glycine
fractions was similar except for arginine, aspartic acid, serine, alanine
and tyrosine. The obtained results seem to indicate that the B;,-M-S
preparation contained at least two complexes differing in their protein
content and amino acid composition.

Table 2

Growth factor activity for Escherichia coli of the isolated corrinoid-
-protein complexes

Fractions 2 and 3 separated by electrophoresis of By;-M-S in 1 N-acetic acid
pH 2.7 (Fig. 2, 1), were used. Results are mean values from three preparations.

Activity in relation to vitamin Bz (%)
Substance
Plate assay l Tube assay
B;2, crystalline 100 I 100
Crude By>-M-S 53 24
Electrophoretic fraction 2 50 28
Electrophoretic fraction 3 101 62

The crude Bj;-M-S preparation and its two fractions separated by
electrophoresis (Fig. 2, I) were tested for growth factor activity on
E. coli. The preparations containing less protein were found to have
higher activity whereas the preparations with greater protein content
were less active (Table 2); it seems therefore that the growth factor
activity is a property of the corrinoid moiety.

http://rcin.org.pl



[11] CORRINOID-PROTEIN COMPLEXES 205

So far, no mnaturally occurring light-sensitive protein-containing
corrinoids have been isolated from Propionibacterium shermanii and
characterized. It seems possible that the By3;-M-S complexes may act as
enzymes in the known reactions depending on Bys.

The data presented in this paper may be considered as an attempt
to elucidate the problem of the occurrence in mature and biological
functions of various light-sensitive protein-containing corrinoids. It is
now recognized that all the maturally occurring corrinoids apparently
exist in the coenzyme form. This form presumably arises soon after the
biosynthesis of the corrin ring and the incorporation of the cobalt
atom, perhaps at the stage of pentacarboxylic acid which, like other
related polycarboxylic acids, can be converted enzymically into its
coenzyme form [6]. The stage at which protein is bound to the corrin
ring during the formation of the Bj,-M-S-type compounds, remains still
unknown.

SUMMARY

A light-sensitive corrinoid-protein complex (By;-M-S) was isolated
from P. shermanii-1 cells. The colour and absorption spectrum of
By;-M-S were both different from those of the preparation isolated on
light (Bj3-M) and indicated the presence of coenzyme Bjs. Bjs-M-S on
paper chromatography, electrophoresis and CM-Sephadex G-25 column
chromatography appeared to be heterogeneous but was not degraded
into vitamin Bys. On photolysis it was converted to Byy-M, and with
KCN gave cyanocobalamin.

The amino acid composition of Bys-M-S differed from that of Byy-M.
The ratio of protein to corrinoid in B{y-M was as 1:1 and in Bj3-M-S
varied from 1:4 to 1:8, depending upon the grade of purity. The growth
factor activity of the Bj;-M-S preparations for E. coli was inversely
proportional to the protein contents.
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SWIATEOCZULE POCHODNE KOMPLEKSOW KORYNOIDOWO-BIALKOWYCH
Z KOMOREK PROPIONIBACTERIUM SHERMANII

Streszczenie

Z komoérek P. shermanii-1 wyizolowano §wiatloczuly kompleks korynoidowo-
-biatkowy (By;-M-S). Barwa i widmo B,-M-S wskazujg na obecno§¢ koenzymu
By, i réznig sie od kompleksu izolowanego przy dostepie §wiatla (Byy-M). Elektro-
foreza, chromatografia bibulowa i rozdzial na kolumnie CM-Sephadex G-25 wy-
kazaly niejednorodno$¢ kompleksu B,-M-S; nie stwierdzono jednak rozpadu do
witaminy By,. Zidentyfikowano dwie frakcje, z ktérych jedna zawierala duzo
kwasu glutaminowego, druga za$ glicyny. Fotoliza B;,-M-S powodowala powstanie
Byy-M, a w obecnoéci cyjankéw powstawanie cyjanokobalaminy.

Sklad aminokwasowy Bi,-M-S réznit si¢ od preparatu By,-M. Stosunek biatka
do korynoidu byt w By;-M 1:1, za§ w By,-M-S wynosil od 14 do 1:8 w zaleznos$ci
od stopnia oczyszczenia. Aktywno§é wzrostowa preparatéw By,-M-S wobec Esche-
richia coli byla odwrotnie proporcjonalna do zawarto$ci biatka w kompleksach,
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A number of micro-organisms are known to produce propan-1,3-diol
during glycerol fermentation. Already half a century ago Voisenet [14]
postulated that A-hydroxypropionaldehyde may be an intermediate in
this reaction. However, it was only in 1960 that Abeles et al. [1] demon-
strated the formation of this compound in a culture of Aerobacter aero-
genes (ATCC 8724) using semicarbazide as the aldehyde-trapping agent.
Nevertheless, Abeles & Lee [2] were unable to demonstrate the formation
of f-hydroxypropionaldehyde by the cell-free extract obtained from this
strain, although this preparation was able to catalyse similar reactions
converting ethylene glycol into acetaldehyde and propan-1,2-diol into
propionaldehyde. Smiley & Sobolov [12] were the first to demonstrate in
vitro the enzymic synthesis of hydroxypropionaldehyde from glycerol,
using an extract of acetone-dried Lactobacillus 208-A cells.

In 1962 it has been observed in this laboratory that A. aerogenes
cultured in anaerobic conditions on glycerol-containing medium, is a rich
source of enzymes converting ethylene glycol into acetaldehyde [16],
propan-1,2-diol into propionaldehyde [9], and glycerol into f-hydroxypro-
pionaldehyde. All these reactions are coenzyme Bjs-dependent and the
conversion of glycerol has been used in this laboratory as an assay system
for testing the activity of coenzyme B;, analogues [15, 18, 19, 20].

The present work describes the general properties of the enzyme
system isolated from Aerobacter aerogenes (PZH, strain mo. 572) which
catalyses the conversion of glycerol into f-hydroxypropionaldehyde.

MATERIALS AND METHODS

Coenzymes. Coenzyme Bj; and the coenzymic form of cobinamide
were isolated from a culture of Propionibacterium shermanii [17] and
additionally purified by paper electrophoresis and chromatography as
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described by Pawelkiewicz et al. [8]. Coenzyme By, obtained by chemical
synthesis [18] was also used. Co-ethylcobalamin was obtained from
cyanocobalamin by the method described for the synthesis of Co-methyl-
cobinamide [15]. Co-5"-deoxyuridylcobalamin was synthesized according
to Zagalak & Pawelkiewicz [18].

Reagents. Streptomycin sulphate was a product of Tarchominskie Za-
kltady Farmaceutyczne - Polfa (Warszawa-Tarchomin). DL-Tryptophan
and pL-serine were from Nutritional Biochemicals Co. (Cleveland, Ohio,
U. S. A)); N-ethylmaleimide and mercaptoethanol from T. Schuchardt
(Munich, Germany); p-chloromercuribenzoic acid from L. Light Co.
(Colnbrook, England). Other reagents were from Fabryka Odczynnikéw
Chemicznych (Gliwice, Poland).

The enzymic hydrolysate of casein was prepared according to Pawel-
kiewicz & Zodrow [10]. Yeast autolysate was prepared in the following
way: 5 kg. of pressed baker’s yeast was suspended in 5 litres of tap water,
added with 50 ml. of toluene and thoroughly mixed. The mixture was
left for 4 days at 37°, the pH being adjusted twice daily with con-
centrated ammonia to 7-8. Then the mixture was steam-heated in
a Koch apparatus for 30 min., cooled and centrifuged. From the clear
supernatant, the remaining toluene was removed at 80° under reduced
pressure, then the autolysate was sterilized for 30 min. at 120°.

Growth of the organism. Aerobacter aerogenes (strain mo. 572) was
obtained from the collection of the State Institute of Hygiene, Warsza-
wa. Stock cultures were kept on agar slopes and subcultured every
7-10 days.

For experiments, the bacteria were cultured at 29° in a medium
consisting of: 400 ml. of baker’s yeast autolysate, 150 ml. of trypsin
hydrolysate of casein, 12 g. of KHyPO; 28 g. of KoHPO, 0.8 g. of
MgSO; » TH20, 10 mg. of CoSO,+ TH50, 195 g. of 85% glycerol, and tap
water to a final volume of 8000 ml. The medium was adjusted to pH 7.0
with 0.1 N-NaOH. Then two conical flasks, 25- and 100-ml., were filled
with the medium and the remainder was poured into a 10-litre flat-
-bottomed flask provided with a glass tube reaching to the bottom of
the vessel for flushing mitrogen. The media were sterilized for 30 min.
at 1 atmosphere pressure. The inoculum was prepared by transferring
the bacteria with a platinum loop from the agar to the 25-ml. flask;
after 18 hr. the culture was poured into the 100 ml. flask and after
further 18 hr., to the 10-litre flask. There the bacteria were allowed to
grow for 18 hr., a stream of nitrogen from a high-pressure tank being
flushed at a rate of 100 - 150 ml. per minute. The mitrogen was freed of
oxygen by passing through a solution of pyrogallol in potassium hydrox-
ide, and from bacteria by passing through a bacterial filter.

Preparation of cell extracts. About 50 ml. of bacteria, harvested by
centrifugation for 40 min. at 6000 g., were added with 70 ml. of water,
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cooled in an ice bath to 2-4° and the pH adjusted to 8.5 with
1 N-KOH. The cells were disintegrated for 20 min. in the Ultrasonic
MSE Mulard” apparatus (60 W, 20 kc), with simultaneous cooling on
the ice bath. Then the suspension was added with 400 mg. of active
charcoal (Carbopol H2, pH 7) and after 20 min. on the ice bath,
centrifuged for 15 min. at 60000 g. The clear supernatant was added
with 5 ml. of 20% streptomycin sulphate (calculated for free base) and
after further 20 min. added again with 200 mg. of charcoal, left for
15 min. on the ice bath and centrifuged as above. The clear supernatant
was dialysed against distilled water at about 1° for 24 hr. The precipita-
ted globulins were centrifuged off (25 min. at 75 000 g) and the slightly
opalescent extract obtained, containing 10 - 15 mg. of protein par 1 ml.
and less than 0.01% of nucleic acids, was stored at -10°. If a preparation
still contained traces of coenzyme B,y giving a distinct reaction in the
blank test, it was added again with 200 mg. of charcoal and treated as
described above.

Analytical assays. Corrin coenzymes were determined after KCN
treatment by measuring the extinction at 580 mu. For all corrinoid
dicyanides tested, the molar extinction coefficient 10.1 X 103 [3] was
adopted.

Protein was estimated spectrophotometrically at 260 and 280 muw [6].

Glycerol was determined photocolorimetrically [5] after its oxidation
with periodide to formaldehyde (two moles of formaldehyde being
formed per one mole of glycerol) and assaying formaldehyde with
chromotropic acid. The standard of formaldehyde was prepared by
oxidizing DL-serine under the same conditions.

p-Hydroxypropionaldehyde was determined according to Smiley
& Sobolov [12] as described previously [15], the extinction being
measured at 555 mp in 1 em. wide cuvette.

For extinction determinations, a Hilger H 700 spectrophotometer and
a Bausch-Lomb Spectronic 20 photocolorimeter were used.

Determination of enzymic activity. The incubation mixture contained
in 1 ml.: enzymic extract containing 0.5 - 1.5 mg. of protein, 50 wmoles
of glycerol, 40 wmoles of K-phosphate buffer, pH 8, and 0.05 mpmoles
of coenzyme By,. The addition of coenzyme By, started the reaction. In
the blank sample coenzyme B, was omitted. The incubation was carried
out for 10 min. at 37°. The activity was expressed in extinction units of
B-hydroxypropionaldehyde formed per sample. The addition of coenzy-
me By, as well as the incubation were carried out in a darkened room.
For serial determinations, a modification was introduced consisting in
cooling the samples on an ice bath to about 5° before the addition of
coenzyme By,, and thereafter starting the reaction by transferring the
samples to a water bath of a temperature of 37°; after incubation the
reaction was stopped by cooling on an ice bath.

2
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RESULTS AND DISCUSSION

Incubation of cell-free extract from Aerobacter aerogenes with
potassium phosphate buffer and glycerol in the presence of coenzyme
By, resulted in formation of p-hydroxypropionaldehyde. This was
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Fig. 1. Infrared absorption spectrum in KBr of 24-dinitrophenylhydrazone of

acroleine formed from pf-hydroxypropionaldehyde during dncubation of glycerol

with the cell-free preparation from A. aerogenes. The incubation mixture was

heated with a solution of dinitrophenylhydrazine in 2-nN-HCl to a temp. of 60°

and the hydrazone formed was extracted from chloroform and crystallized.

Acroleine dinitrophenylhydrazone: (---), isolated from the incubation mixture;
( ), authentic sample.

Fig. 2. The effect of time of incubation

on the formation of f-hydroxypropional-

/ Aftime (min) dehyde .fmm glycerol by the cell-free

f I NS preparation from A. aerogenes. For con-

R S, o L Vi e ditions see Methods. Incubation: (O), at

4 8 2 % 20 27° or (@), at 37°. The plot of 1/t against
Time of incubation (min.) 1/v is also shown.
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demonstrated by transforming p-hydroxypropionaldehyde to acroleine
by heating with 2N-HCI; the acroleine formed was converted to
2,4-dinitrophenylhydrazone which was identified by melting point de-
termination (m. p. 165°) and infrared absorption spectrum [11] (Fig. 1).

The amount of hydroxypropionaldehyde formed increased with the
time of incubation but not at a linear rate (Fig. 2). The curve obtained
in experiments performed at 27° had the same character suggesting
that there was no thermal inactivation of the enzyme during incubation.
It should be noted, however, that the plot of 1/E against 1/t gave
a straight line. This point will be discussed later in connection with the
kinetics of glycerol conversion.
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’ ]
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Concn. of protein (mg /ml.) Storage (days)
Fig. 3 Fig. 4

Fig. 3. The effect of protein concentration on the rate of f-hydroxypropional-
dehyde formation from glycerol by the cell-free preparation from A. aerogenes.
For conditions see Methods.

Fig. 4. Changes in the enzymic activity of the cell-free preparation from A. aero-
genes during storage at -10°. After thawing, samples containing 1.5 mg. protein
were taken and the activity was determined as described under Methods.

With constant coenzyme By, amount, the reaction was proportional
to the concentration of protein reaching its maximum when the
coenzyme became saturated with the apoenzyme. Further addition of
protein did not enhance the reaction and an excess had even an inhibitory
effect (Fig. 3). Therefore the amount of the protein per sample was
chosen so as to obtain the optimum reaction rate in the presence of
0.05 mumole of coenzyme By, this being 0.5 - 1.5 mg. depending on the
extract preparation. The activity of preparations stored at -10° increased
at first, reaching a maximum between the 5th and 8th day, and then
slowly decreased (Fig. 4).

A pH optimum was found at pH 8, the activity at pH 6 being only
10%% of the maximum (Fig. 5). These data differ from those obtained by
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Smiley & Sobolov [12] for the enzyme extracted from Lactobacillus cells
which had the pH optimum at pH 5.9 and was inactive at pH values
exceeding 7.5.

The effect of temperature on the conversion of glycerol is shown
in Fig. 6. For 10 min. incubation, the optimum was found to be at 37°
and the reaction rate decreased rapidly both above and below this value.

a8 16
06 2}
ES 3
2 £
L 04 W 08
02+ 04+
1 1 1 1 o} =i | 1 !
4q 6 8 20 40 60
pH Temperature(C°)
Fig. 5 Fig. 6

Fig. 5. The effect of pH on the formation of f-hydroxypropionaldehyde from

glycerol by the cell-free extract from A. aerogenes. The samples containad

40 m-potassium phosphate buffer of the indicated pH values. For details see
Methods.

Fig. 6. The effect of temperature on the formation of f-hydroxypropionaldehyde
from glycerol by the cell-free extract from A. aerogenes. For conditions see
Methods.

The amount of the buffer affects the reaction rate, the optimum
being found at a concentration of potassium phosphate exceeding 30 mum
(Fig. 7). In tris buffer without the addition of K+ ion the reaction did
not occur. Addition of K* ion activated the enzyme which, however,
even at a concentration of 100 mm-KCl, did not attain an activity equal

16

Fig. 7. The effect of concentration of
(O), potassium phosphate buffer
and (A), KCl concentration in tris
buffer, on the formation of f-hydro-

o oy e 7 I A ] e e xypropionaldehyde from glycerol by
2 40 0 & 100 the cell-free extract from A. aerogenes.
K-phosphate or KCl cancn. (mm) PH 8.0, for details see Methods.
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Table 1

The effect of univalent cations on the enzymic conversion of
glycerol into f-hydroxypropionaldehyde

Standard incubation mixture, in which 40 wmoles of K-phosphate buffer were

replaced by 10 umoles of tris buffer, pH 8.0, was incubated with the addition

of 20 pmoles of chloride of the indicated cation. For details see text. Activity is
expressed in relation to the activity with K+, taken as 100.

Cation | Activity (%)
K* ’ 100
Lit ' 184
Na* 0
Rb* ‘ 95
NH* 151

to that in potassium phosphate. K* ion could be replaced by Li*, Rb*
and NH;*; the Li* and NH;* ions being even more effective whereas
Nat had no effect (Table 1). The effect of K* and other univalent
cations on the enzymic system from Lactobacillus has been reported
by Smiley & Sobolov [12]. It seems possible that in the conversion of
glycerol the unmivalent cations activate one of the constituent enzymes,
similarly as it has been found for the conversion of ethylene glycol into
acetaldehyde [16]; in this reaction acetaldol, the intermediate metabolite
formed from glycol, is cleaved to acetaldehyde by an aldolase which
requires K+ ion and is inhibited by Nat*.

Table 2

The effect of SH-group reagents on the enzymic conversion of
glycerol into f-hydroxypropionaldehyde

The SH-group reagent indicated was added to the standard incubation mixture
before the addition of coenzyme Bj,;. For details see text.

Inhibitor Concentration Inhibition

! (mm) (%)
; N-Ethylmaleimide 0.01 2
0.05 35

1.0 99

5.0 100

p-Chloromercuribenzoate 0.01 20
1.0 100

The reaction was inhibited by SH-group reagents, such as N-ethyl-
maleimide and p-chloromercuribenzoate (Table 2) which at 1 mu
concentration caused a total inhibition. In these experiments, the
SH-group reagents were added to the incubation mixture after the
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addition of coenzyme Bj,. If this order was reversed, the inhibition
was much less marked; this seems to indicate that the SH groups of the
apoenzyme are directly or indirectly involved in the coenzyme binding.
The same conclusion has been reached by Smiley & Sobolov [12,13].

The conversion of glycerol is dependent on coenzyme By, which could
be replaced by other corrinoid coenzymes. It was found previously [18]
that the naturally occurring derivative of pseudovitamin By, (Co-5'-
-deoxyadenosyladenylcobamide) was active, whereas no activity was
observed with derivatives of corrinoids mot possessing the nucleotide
group (so-called incomplete analogues), such as the derivatives of
cobinamide and cobyrinic acid. This seems to indicate a certain specifi-
city of the enzyme(s) involved. A similar specificity, shown moreover
towards the cyanide forms, has been observed in the microbiological
assays with Euglena gracilis [7].

The effect of coenzyme B;; concentration on the reaction velocity
can be represented by the Lineweaver-Burk plotting method as
a straight line when 1/v is plotted against 1/[S]? (Fig. 8), v being the
velocity of the reaction in extinction units and S concentration of the
coenzyme. This relationship may be deduced from the equation:

k+| k+2
E+2S—ES,—E +P
k-1

and thus, assuming a steady-state
| 1 Km 1

v ! Ve P O
where
k—l +k+2
Kn -_—:k_' Vm = k42 Ey,
+1

and E, total concentration of the enzyme. It has been demonstrated that
equation (1) holds too for the data obtained during a 4 min. incubation
period of the samples. From Fig. 8 it was found graphically that K,
is 1.3 X 10715 M2, These data suggest that one molecule of the apoenzy-
me binds with two molecules of coenzyme Bj; which means that the
enzyme has two activity centres.

Inhibition of glycerol conversion by some analogues of coenzyme
Bj; seems to confirm the bimolecular reaction between the coenzyme
and apoenzyme. As it has been shown previously [15, 18], this reaction
is strongly inhibited by a number of Co-substituted analogues of
coenzyme By, in which the 5-deoxyadenosyl group is replaced by another
deoxynucleoside or an alkyl group. The reaction inhibited by Co-5"-deo-
xyuridylcobalamin is shown in Fig. 9 plotted according to Dixon [4]. In
this case, also a straight line was obtained provided that the concentra-
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tion of the inhibitor was expressed as [[]2 From Fig. 9 it appears that
the uridyl analogue of coenzyme By, is a competitive inhibitor and from
the intercept on the abscissa the inhibition constant for this analogue
was found to be K; 7.3 X 10~1 M2, Other analogues of coenzyme By, also
inhibited the reaction, Co-ethylcobalamin being one of the most potent
inhibitors (K; 3.5 X 10716 m2),

3 =
— 2+
o
LEI,
S
3
1}
Fig. 8. The effect of coenzyme B, concentration /
on the formation of f-hydroxypropionaldehyde - ] = 2 3
from glycerol by the cell-free preparation from 1/[coenzume 2(,,2_,”15)
A. aerogenes. For conditions see Methods. /[ Bﬂ]
6 -
41
8
o
]
2 5
1 / Py 1 1 1 |/ ! 1 1
-2 -1 0 1 2 3 4 -3 0 3 6 9
1/[Co-5"-dUrd-cobalamin] *(m?*10™) 1[Giycerol]? (*x10°)
Fig. 9 Fig. 10

Fig. 9. Competitive inhibition of conversion of glycerol into f-hydroxypropional-

dehyde by Co-5'-deoxyuridylcobalamin, plotted according to Dixon [4]. Concn. of

coenzyme By, per 1 ml. of the incubation mixture: (O), 0.0125 mpmoles; (@),
0.0250 mpmoles. For details see Methods.

Fig. 10. The effect of glycerol concentration on f-hydroxypropionaldehyde for-
mation by the cell-free preparation from A. aerogenes. For details see Methods.
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The presence of two activity centres in the enzyme seems to be
supported by the experiments on the effect of glycerol concentration
on the rate of hydroxypropionaldehyde formation (Fig. 10). Also in this
case the Lineweaver-Burk plot of 1/v against 1/[S]? gave a straight line
and the value of K, 3.6 X 107%x? was found graphically. The data
concerning the effect of the time of reaction on the amount of hydro-
xypropionaldehyde formed (cf. Fig. 2) also seem to confirm the second-
-order reaction. If it is assumed that the velocity of glycerol conversion
follows the equation
dx
T k(a— x)? 2)
where a is the initial concentration of glycerol and x the concentration
of hydroxypropionaldehyde formed during time t, then after integration
the following is obtained

a . | baad 1

kl—zrx) that is _\.=k—azT+; 3)
From equation (3) it appears that the plot of 1/x against 1/t should give
a straight line, which is in agreement with the experimental data (Fig. 2).
From this plot it is possible to determine the velocity constants k for
the reactions taking place at two different temperatures, and the
activation energy of the reactions therefrom. This was calculated to be
12,5 Kcal/mole.

The data presented should be interpreted with caution since the
experiments were performed using a crude enzymic preparation and
were aimed at determining only its general properties. Further purifica-
tion of the enzyme(s) involved is required before more reliable data
can be obtained.

The same enzyme system is known to catalyse similar reactions
converting ethylene glycol into acetaldehyde and propan-1,2-diol into
propionaldehyde. All three reactions are dependent on coenzyme By,, are
inhibited by some of its analogues, require the presence of K+ ion, and
have the same temperature and pH optima. There is also a marked
similarity in the chemical structure of the substrates and products. The
reactions differ, however, in their kinetic properties, the conversions
of diols being reactions of first order [18] whereas the conversion of
glycerol is a reaction of second order.

The similarities in the enzymic conversion of diols and glycerol
permit to assume that their mechanisms as well may be very similar
or identical. It has been previously demonstrated [16] that the conversion
of ethylene glycol is a complex reaction catalysed by two enzymes, with
acetaldol being formed as the intermediate product. It seems probable
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that the conversion of glycerol may follow the same pattern; thus the
enzymic system studied would catalyse the following reactions

R R R R

| ApoE (Coenzyme B,,), | | Aldolaser |
2CH—OH _ — CH,—CH—CH—CHO > s

[ | (K™ l
CH,—OH OH CHO

where R, is CHyOH, H, or CHj. In the first reaction two molecules of
the substrate would be converted into one molecule of a corresponding
aldol. In the second reaction the aldol would be cleaved by aldolase into
two molecules of aldehyde (hydroxypropionaldehyde, acetaldehyde or
propionaldehyde). The order of the overall reaction is determined by the
slower reaction. In the conversion of glycerol, this may be the second-
-order reaction of glycerol conversion into the aldol of hydroxypropion-
aldehyde, whereas in the conversion of diols, the reaction catalysed by
aldolase. In agreement with the experimental data it seems also possible
to advance a suggestion concerning the structure of the coenzyme
Bys-dependent enzyme. It seems possible that this enzyme possesses two
active centres with two coenzyme By, molecules and that these centres
are in close vicinity. At each of them the substrate could be converted
into the corresponding aldehyde and the two adjacent molecules would
immediately undergo aldolization, forming the intermediate product of
the reaction. This suggestion requires confirmation, and further expe-
riments are in progress.

The authors wish to thank Prof. Dr. M. Wiewiérowski from the
Department of Organic Chemistry of the University in Poznan, for
performing the infrared spectral analyses.

SUMMARY

A cell-free extract catalysing the coenzyme Bj,-dependent conversion
of glycerol into g-hydroxypropionaldehyde was obtained from Aerobacter
aerogenes cells grown on a glycerol-containing medium. The optimum
pH for the reaction was 8.0, the optimum temperature 37°. The reaction
required K* ion which could be replaced by Li*, Rb* or NH*; ions but
not with Na*. The reaction was inhibited by SH-group reagents and
inhibited competitively by some synthetic analogues of coenzyme Bys.
Kinetic studies indicated that the conversion of glycerol is a reaction of
second order, the K,, value being 3.6X1076'm2. It has been demonstrated
that one molecule of the apoenzyme binds two molecules of coenzyme
Bys. The K,, value for coenzyme B, was found to be 1.3X10'5 m2
It seems that the enzyme has two active centres and that the conversion
of glycerol may take place in two steps catalysed by two enzymes.
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ENZYMATYCZNE PRZEKSZTALCENIE GLICEROLU W ALDEHYD
f-HYDROKSYPROPIONOWY W BEZKOMORKOWYM UKELADZIE
Z AEROBACTER AEROGENES

Streszczenie

Z komoérek A. aerogenes hodowanych mna pozywce z glicerolem izolowano
i opisano uklad enzymatyczny katalizujgcy zalezng od koenzymu By, reakcje
przeksztalcenia glicerolu w aldehyd p-hydroksypropionowy. Optymalne pH reakcji
wynosi 8.0, temperatury 37°. Reakcja wymaga obecno$ci jonu potasowego, ktéry
mozna zastapi¢é jonem Li+, Rb+ lub NH+*,, lecz nie jonem sodowym. Reakcja jest
hamowana przez odczynniki reagujace z grupami sulfhydrylowymi, jak réwniez
kompetycyjnie przez niektére syntetyczne analogi koenzymu B;,. Badania kine-
tyczne wykazaly, ze przemiana glicerolu jest reakcjg drugiego stopnia. Warto$§¢
K,  dla glicerolu wynosi 3.6<10-6 M2, Czasteczka apoenzymu 1laczy sie z dwiema
czasteczkami koenzymu By, i K, wynosi 13X10-5M2 Postawiono hipoteze, ze
enzym zawiera dwa miejsca aktywne i Ze reakcja przemiany glicerolu przebiega
w dwu etapach, katalizowanych przez dwa roézne enzymy.

Received 14 December 1964.

Note added in proof. Recent observations have shown that the enzyme system
transforming glycerol into f-hydroxypropionaldehyde consists of one enzyme only
which itself is composed of two different proteins. These proteins appeared to be
inactive separately.
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The Co-substituted analogues of coenzyme By, may permit to study
the relation between the chemical structure and activity of coenzyme
Bys. As the analogues which instead of the 5°-deoxyadenosyl group of
coenzyme By, possess the alkyl, acyl or other 5-deoxynucleoside groups,
have been found to be inactive in the enzyme systems tested and even
to inhibit the coenzyme Bjs-dependent reaction (see ref. [11]), it was
concluded that the intact structure of the adenine nucleoside is essential
for the coenzymic activity. However, it seemed possible that by some
modifications in the adenosyl group active analogues may be obtained
permitting to study more closely which structural elements of the
deoxyadenosyl group are essential for the coenzymic activity.

Previously [12] the 1-methyladenosine and N6-methyladenosine ana-
logues were tested. In the present work, the 2°-deoxyadenosine, 3’-deo-
xyadenosine and isoadenosine (3-N-g-D-ribofuranosyladenine)! analogues
were synthesized and their properties examined.

MATERIALS AND METHODS

Coenzyme B, was synthesized from cyanocobalamin as previously
described [11] or by a procedure described in this paper. Cyanocobalamin
was isolated from Propionibacterium shermanii cultures and crystallized
from aqueous acetone [10]. 2"-Deoxyadenosine was a Schuchardt (Mu-
nich, Germany) product. 3’-Deoxyadenosine was a gift from Dr. H. Kle-

* This work was supported by a grant from the Committee of Biochemistry
and Biophysics of the Polish Academy of Sciences.

1 Abbreviations used: Co-5"-d(2’-dAdo)-cobalamin, 2’-deoxyadenosine analogue
of coenzyme Byy: Co-5'-deoxy(2’-deoxyadenosyl)-a-(5,6-dimethylbenzimidazolyl)-co-
bamide; Co-5'-d(3’-dAdo)-cobalamin, 3’-deoxyadenosine analogue of coenzyme Bi,;
Co-5’-d(iAdo)-cobalamin, isoadenosine analogue of coenzyme By,
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now (The Fibiger Laboratory, Kobenhaven, Denmark), and isoadenosine
from Dr. N. J. Leonard (University of Illinois, Illinois, Urbana, U.S.A.).
P-Cellulose was prepared according to Peterson & Sober [8]. Other
reagents were from Fabryka Odczynnikéw Chemicznych, Gliwice,
Poland. For purification and identification of the synthesized corrinoids,
paper chromatography and paper electrophoresis in a darkened room
were applied. The details are given in Table 1.

The amount of the corrin coenzymes was assayed in the cobalamin
dicyanide form by spectrophotometry at 580 mu. The molar extinction
coefficient 10.1X10% according to Barker [1] was adopted for calculations.
The absorption spectra and extinction determinations were made in
a Hilger H 700 spectrophotometer in 10 mm. wide cuvettes. After
chromatography or electrophoresis, the corrinoids to be submitted to
densitometric measurements were exposed on paper to direct sunlight,
and after photolytic degradation of the coenzymic form kept under
a glass cover containing hydrogen cyanide, to convert hydroxycobalamin
into cyanocobalamin. Densitometric analyses were performed in the
Locardt Co. (London, England) apparatus, and the approximate per-
centage content of the individual corrinoids was determined planime-
trically.

The enzymic extract from Aerobacter aerogenes (PZH, Warszawa,
strain no. 572) was prepared according to the method recently described
[7]. The enzyme assays were performed in a darkened room. In the
conversion of glycerol, g-hydroxypropionaldehyde was assayed accord-
ing to Smiley & Sobolov [9] and in the conversion of propan-1,2-diol
propionaldehyde was assayed by the method of Béhme & Winkler [2].

RESULTS AND DISCUSSION
Synthesis and properties of the analogues

The synthesis of the nucleoside analogues of coenzyme By, is based
on the alkylation of reduced cyanocobalamin with 5°-tosyl derivative of
the nucleoside. To obtain the 5°-tosylnucleoside, the hydroxyl groups on
C’y and C’3 are blocked. After binding of the nucleoside to the cobalt
atom of the corrin, the blocking groups are removed. Johnson et al. [3]
reported, however, that the adenosine, uridine and inosine analogues
may be synthesized without prior blocking of the 2’,3"-hydroxyl groups
but the details of the procedure were mot given and the yield was
rather low. Nevertheless in this way they were able to obtain the
2’-deoxyadenosyl analogue and they described its chromatographic and
electrophoretic properties. In our experiments it was found that hydro-
Iytic removal of the blocking propylidene group from the isoadenosyl
analogue of coenzyme By, resulted in the decomposition of this compound.
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Therefore, taking into account the experiments of Johnson et al.,
a method was elaborated which permitted to obtain from cyanocobalamin
with good yield the coenzyme By, and its analogues.

Several experiments were performed to synthesize coenzyme By by
tosylating directly adenosine in a pyridine solution and treating the
obtained product with reduced cyanocobalamin. Satisfactory results were
obtained by the following procedure, which was then applied for the
synthesis of analogues of coenzyme Bjs.

Finely ground adenosine was dried for 10 hr. at 105° at 0.1 mm.
Hg over P,O; and 40 mg. (0.15 m-mole) was dissolved in 1 ml. of
anhydrous pyridine (distilled over KOH). The mixture was gently
warmed to accelerate the dissolution of adenosine, then cooled in
a salt-ice bath to about -10° and 28 mg. (0.15 m-mole) of p-toluenesul-
phonyl chloride was added. After 10 min. in the cold, the vessel was
put into a desiccator over KOH to avoid moisture and left for 16 hr.
at room temperature. Then the solution was filtered, pyridine was
evaporated at room temperature under reduced pressure and the sirupy
residue was dissolved in 2 ml. of methanol. Simultaneously 10 mg.
(7 mmoles) of cyanocobalamin was dissolved in 0.5 ml. of 10°% ammonium
chloride solution and reduced with Zn and Mg powder as described by
Zagalak & Pawelkiewicz [11]. The cobalamin hydride obtained was
added twice at a 10 min. interval with 0.2 ml. (30 wmoles) of the
methanolic solution of 5-tosyladenosine. Five minutes after the second
addition, the mixture was added with water, filtered, and the solution
adjusted to pH 5. The corrinoids were extracted with a mixture of
phenol and trichloroethylene (1:1, v/v), then re-extracted to water by
adding 10 volumes of an ethyl ether - acetone mixture (2:5, v/v) to the
phenolic solution. The organic solvents were removed from the water
solution under reduced pressure, the solution evaporated to a small
volume and the corrinoids were separated by electrophoresis and paper
chromatography [11]. From densitometric measurements it was found
that 40-50° of the present corrinoids represent a compound with
physico-chemical and enzymic properties of the matural coenzyme Bjs.

The same procedure has been applied for the synthesis of coenzyme
By, analogues. 2’-Deoxyadenosine was dried for 14 hr. at 80° over P;O3
at 0.1 mm. Hg, cobalamin hydride prepared from 50 mg. of cyanocoba-
lamin being used for the synthesis. In relation to cyanocobalamin, the
yield of Co-5-d(2’-dAdo)-cobalamin was 30%. Co-5"-d(3’-dAdo)-coba-
lamin was obtained in a similar way and with the same yield. For the
synthesis of the isoadenosyl analogue, isoadenosine dried for 16 hr. at
65° over P,O; at 0.1 mm. Hg was used; the yield was only 15%.

The presented method for the synthesis of coenzyme B, analogues
gave smaller yields than the methods using tosylnucleosides with
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blocked hydroxyl groups, but the simplicity of this procedure permits
to obtain relatively quickly various analogues of coenzyme By and may
be very useful for investigating corrin coenzymes. It should be men-
tioned that recently Hogenkamp & Oikawa [3] reported the synthesis
of Co-5"-d(2-dAdo)-cobalamin with a 65% yield but using a rather
tedious and laborious procedure.

The chromatographic and electrophoretic properties of the
synthesized analogues of coenzyme B, are presented in Table 1. As it
could be anticipated, the 2- and 3’-deoxyadenosine analogues were
more hydrofobic than coenzyme By and in the neutral solvent B mi-
grated somewhat faster. In the acidic solvent A the isoadenosine
analogue migrated most slowly indicating that this compound has
a more basic character than coenzyme Bj; and the two other adenosine
analogues. The electrophoretic results point to the same conclusion, as
Co-5"-d(iAdo)-cobalamin migrated somewhat faster than the other com-
pounds tested.

Table 1

Paper chromatography and paper electrophoresis of coenzyme Bjs
and its analogues

The chromatograms were developed on Whatman no. 3 paper by the descending
technique, using two solvent systems: (A), m-butanol - propan-2-ol - water - acetic
acid (100:70:99:1, by vol.), and (B), n-butanol - propan-2-ol - water (10:7:10, by vol.).
The electrophoresis was carried out on Whatman mo. 3 paper in 1 M-acetic acid
at 6-8 V/em. Rp is the rate of movement of the compound in relation to that of
cobinamide. The electroneutral cyanocobalamin defined the starting point.

| Paper chromatography Paper
Solvent A |  Solvent B electro-
Compound g
phoresis
Rroenzyme B,, l Rp
|
Cyanocobalamin I 0.00
Aquocobinamide cyanide ' 1.00
Coenzyme Bj; (Co-5-dAdo-cobalamin) 1.00 | 1.00 1.18
Co-5’-d(2’-dAdo)-cobalamin 1.13 [ 1.22 1.18
Co-5"-d(3'-dAdo)-cobalamin | 0.92 ! 111 1.18
Co-5"-d(iAdo)-cobalamin : 0.38 [ 0.88 1.22
| |

The absorption spectra of the analogues (Fig. 1) did not differ
markedly from the spectrum of coenzyme By, only the main absorption
maximum in the region of 260 mu was shifted towards 266.5 mu in the
spectrum of Co-5"-d(iAdo)-cobalamin. It should be mentioned that free
isoadenosine in aqueous solution has the maximum at 277 mu [6].
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The analogues studied, similarly as coenzyme Bj,, are light-sensitive
and undergo degradation when exposed to light. The colourless degra-
dation products of 2’- and 3’-deoxyadenosyl analogues were isolated on
P-cellulose columns as described previously [12]. From the products of
each analogue, three colourless fractions were eluted with 0.1\N-HCI,
one of the fractions being always predominant. The spectra of these

101

08 ff

a6

04

Fig. 1. Absorption spectra of co-
enzyme By, analogues in aqueous 02
solution. (—), Co-5"-d(2’-dAdo)-co-
balamin, conen. 2.67 X 10— M; (- --),
Co-5"-d(3’-dAdo)-cobalamin, concn.
2.30 X 10-°M; (—+—), Co-5"-d(iAdo)- 20
-cobalamin, conen. 1.95 X 10— M. Wavelength (my)

two main fractions were similar to those of Ny-substituted adenine
derivatives, with absorption maxima at 258 - 260 mu in 0.1 N-HCIl, and
at 262 mu in 0.1 N-NaOH. This indicates that the photolytic degradation
of the analogues occurred in the same way as for coenzyme Bj,.

The obtained three analogues were degraded also by KCN; in the
degradation products of each of them a compound was found whose
spectrum was identical with that of free adenine, which was isolated
as described previously [12]. From these experiments it follows that.
also the reaction with potassium cyanide occurs in the same way as for:
coenzyme Bjs.

The amount of the material was insufficient for further determina-—
tions to be made. Nevertheless, the two degradation reactions of the
coenzyme By, analogues, together with the method of their synthesis,
demonstrate indirectly their chemical structure.

The coenzyme By, activity of the analogues

The enzymic conversion of glycerol into hydroxypropionaldehyde and
of propandiol into propionaldehyde by A. aerogenes cell-free extracts is
coenzyme Bjs-dependent. Both these reactions have been used in our

http://rcin.org.pl



294 B. ZAGALAK and J. PAWELKIEWICZ 16]

laboratory for studying corrin coenzymes [11, 12]. Unlike the synthetic
analogues obtained previously, e.g. containing uridyl, cytidyl or alkyl
groups, the analogues studied in the present work were active in both
these reactions.

The effect of concentration of coenzyme By and of the three analo-
gues studied, on the conversion rate of propan-1,2-diol is shown in
Fig. 2. The molar concentrations of corrinoid coenzymes at which,

10—

06 ———f——— A=A —=

v (Eszo)

04}

1 |
001 002 003

Coenzyme concn. (i) Coenzyme concn.(1m)

Fig. 2 Fig. 3

Fig. 2. The effect of concentration of coenzyme By, and its analogues on the rate
of conversion of propan-1,2-diol into propionaldehyde. Conditions: 50 mwmoles of
propandiol, 40 pmoles of potassium-phosphate buffer, pH 8.0, 1.5 mg. of enzymic
protein and coenzyme By, or its analogue in various amounts, were incubated in
a final volume of 1 ml for 5 min. at 37°. Then the reaction mixture was cooled
in an ice bath and added with 1 ml. of methanolic solution of 24-dinitrophenyl-
hydrazine (50 mg. of dinitrophenylhydrazine in 50 ml. of methanol and 0.4 ml. of
conc. HCI). After 30 min., were successively added: 5 ml. of a mixture of pyridine
and water (4:1, v/v) and 1 ml. of methanolic solution of KOH (10 g. KOH was
dissolved in 20 ml. of water and added with methanol to 100 ml.). The sample was
mixed, left for 15 min., then added with water to 10 ml. and immediately the
extinction at 520 mp was determined. (@), Coenzyme By,; (4), Co-5'-d(3’-dAdo)-co-
balamin; (A), Co-5’-d(2’-dAdo)-cobalamin; (O), Co-5"-d(iAdo)-cobalamin.

Fig. 3. The effect of concentration of coenzyme By, and its analogues on the rate
of conversion of glycerol into f-hydroxypropionaldehyde. Conditions: 50 pmoles
of glycerol, 40 pmoles of potassium-phosphate buffer, pH 8.0, 1.5 mg. of enzymic
protein and coenzyme By, or its analogue at the concentration indicated, were
incubated in a final volume of 1 ml, for 10 min. at 37°. Then 0.5 ml. of tryptophan
solution (300 mg. pL-tryptophan in 100 ml. of 0.1 n-HCI]) and 3 ml. of conc. HC1
were added and the sample was heated on the water bath at 60° for 5 min. After
cooling, the extinction was determined at 555 mp. (@), Coenzyme By); (4), Co-5'-
~-d(3’-dAdo)-cobalamin; (A), Co-5-d(2’-dAdo)-cobalamin; (O), Co-5’-d(iAdo)-coba-
lamin.
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under the same experimental conditions, the same amounts of propional-
dehyde were formed, were graphically determined. The same amount of
product (E, 0.6) was formed when the concentrations of coenzyme B,
and of the isoadenosyl, 2’-deoxyadenosyl and 3’-deoxyadenosyl analogues
were, respectively, 6.3, 13.2, 18.7, and 25.0 mwm. These data served to
calculate the molar activity of the analogues in relation to coenzyme By,
(Table 2). The effect of concentration of coenzyme B, analogues on the
conversion of glycerol into hydroxypropionaldehyde, is shown in Fig. 3,
and the molar activity in relation to coenzyme By, in Table 2. The
analogues were found to differ in their effect on the two reactions
studied. In the conversion of propandiol, Co-5"-d(iAdo)-cobalamin was
the most active, and Co-5"-d(3’-dAdo)-cobalamin the least active com-
pound, while in glycerol conversion the reverse was true. Although
the mechanism of the two reactions is similar, they differ in their
affinity toward corrin coenzymes. This is in agreement with the previous
observations concerning the natural coenzymes [11] as well as the
coenzyme By, analogues methylated in the adenosyl group [12].

Table 2
Kinetic properties of coenzyme By, and its analogues in the conversion
of propan-1,2-diol into propionaldehyde and glycerol into B-hydroxy-
propionaldehyde

Values of V  are expressed in extinction units per reaction time, 15 min. for
propandiol and 10 min. for glycerol.

| Conversion of
J propandiol glycerol
Gosaryite | Relative Relative
| molar K y, | molar Kn Vi
]‘ activity | (Mmx107) activity |(m2x 1015)
S S I %) (%)
|
Coenzyme Bj» ‘ l
(Co-5’-dAdo-cobalamin) 100 1.4 14.3 100 1.3 154
Co-5’-d(2’-dAdo)-cobalamin 34 1.1 2.5 18 1.7 0.44
Co-5’-d(3’-dAdo)-cobalamin ; 25 1.1 157 29 1.9 0.71
Co-5’-d(iAdo)-cobalamin 1 48 0.6 33 10 2.8 0.33

The relationship between the concentration of corrin coenzymes and
the reaction rate plotted in the double-reciprocal manner (Lineweaver-
Burk) is presented in Figs. 4 -5. For the formation of propionaldehyde,
a straight line is obtained when 1/v is plotted against 1/[S] whereas for
the formation of p-hydroxypropionaldehyde the line is straight when
1/v is plotted against 1/[S]? in agreement with the suggestion that this
is a second-order reaction. The K,, and V,, values determined graphically

3
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are presented in Table 2. In both reactions, the K,, values were practi-
cally identical for all the corrin coenzymes studied. On the other hand,
the maximum velocities (V,,) differed markedly. This seems to indicate
that the analogues studied are able to form complexes with the apoenzy-
me as efficiently as the matural coenzyme By, whereas the catalytic
activity of their complexes is much lower. The analogues of coenzyme
By, methylated in the adenosyl group were found to have similar pro-
perties [12].

The differences in the coenzymic activity of the analogues containing
the 2’- or 3'-deoxyadenosine residues, in relation to the activity of
coenzyme By, may have two explanations: (1), 2- and 3’-hydroxyl
groups of adenosine may be directly involved; (2), the substitution of

40 0

-a5 0 a5 10 15 20 0 10 20 30
1 [Cociayme] (mx10%) 1/ [Coenzyme]? (m=10")
Fig. 4 Fig. 5

Fig. 4. The Lineweaver-Burk plot for the conversion of propandiol as a function
of coenzyme concentration. Conditions as for Fig. 2.

Fig. 5. The Lineweaver-Burk plot for the conversion of glycerol as a function of
coenzyme concentration. Conditions as for Fig. 3.

the 2- and 3’-hydroxyl groups by hydrogen atoms may induce a change
in the conformation of the ribofuranose ring which may affect indirectly
the polarization of the Co—C bond, probably essential for the coenzyme
function. The latter suggestion seems to be the more probable one, all
the more that the data of Jardetzky [4] concerning the conformation of
riboside and deoxyriboside indicate the possibility of such changes
occurring in coenzyme By,. If this assumption is correct then it could
be anticipated that other changes in the molecule of coenzyme B,
which indirectly affect the Co—C bond, would affect the coenzymic
activity. In corrinoids, trans-effects have been observed in two co-
-ordinate sites perpendicular to the plane of the corrin ring. For instance,
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the exchange of substituents in the benzimidazole could change in this
way the activity of coenzyme Bys. Preliminary, unpublished results from
our laboratory seem to support this suggestion.

The observation that the isoadenosyl analogue, in which the imino
form of nitrogen N6 prevails over the amino form, possessed the
coeazymic activity is in agreement with the previous experiments [12]
which indicated that the amino group of adenosine may be substituted
by a related group without impairing the coenzyme By; activity. Thus
the amino group of adenine' could be substituted by the imino group.
On the other hand, the same imino form seems to prevail in the
coenzyme By, analogue methylated in the position Ny of the purine ring
(Co-5"-deoxy(1-methyladenosyl)-cobalamin) and this analogue was found
to be inactive as coenzyme [12]. This may suggest that nitrogen N; plays
an essential role in the catalytic function of this compound. This con-
clusion, advanced already in previous studies [12], is supported by the
results presented in this work.

The authors wish to thank Dr. H. Klenow for a gift of the sample of
3’-deoxyadenosine, and Dr. N. J. Leonard for the samples of isoadenosine
and its isopropylidene derivative.

SUMMARY

An improved method for the synthesis of coenzyme Bj; and its
analogues is described. It consists in direct tosylation of adenosine
nucleoside and coupling with reduced cyanocobalamin. The yield of
coenzyme By, was 50%, of 2- and 3’-deoxyadenosine analogues of
coenzyme By, 30%, and of isoadenosine analogue 15%. All the analogues
were active as coenzymes in a system isolated from Aerobacter aerogenes
converting propan-1,2-diol into propionaldehyde and glycerol into
p-hydroxypropionaldehyde. In both reactions, the analogues differed in
their activity but were consistently less active than coenzyme B;. The
relation between chemical structure and coenzymic function of coenzyme
By, is discussed.
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SYNTEZA I WEASNOSCI Co-ADENINO-NUKLEOZYDOWYCH ANALOGOW
KOENZYMU By,

Streszczenie

W pracy opisano uproszczong metode chemicznej syntezy koenzymu By, i jego
analogébw. Metoda polega na bezposredniej tozylacji nukleozydéw adeniny lub
pochodnej adeniny i sprzeganiu produktu reakcji ze zredukowang cyjanokobala-
ming. Koenzym By, otrzymano z wydajnos$ciag 50%. Analogi zawierajace reszty
2’- i 3’-dezoksyadenozyny otrzymano z wydajno$cig 30%, a reszte izoadenozyny
z wydajno$cig 15%. Wszystkie analogi okazaly sie czynne jako koenzymy w ukla-
dzie izolowanym z Aerobacter aerogenes przeksztalcajagcym propan-1,2-diol w al-
dehyd propionowy i glicerol w aldehyd f-hydroksypropionowy. Aktywnos$ci analo-
gbw sa nizsze od aktywnos$ci koenzymu By, i zréznicowane wzgledem siebie, w obu
przemianach. W pracy przedyskutowano zalezno$é miedzy aktywno$cia koenzy-
mu By; a jego strukturg chemiczng.

Received 14 December 1964.
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Three flavin-containing lactate dehydrogenases have been isolated
from yeast: two from cells grown aerobically, L(+)lactate dehydrogenase
[6, 4] and D(-)lactate dehydrogenase [27, 17], and one from cells grown
anaerobically, p(-)lactate dehydrogenase [23, 33, 21]. It has been sug-
gested [33, 26] that during oxygen adaptation of anaerobic yeast, D(-)lac-
tate dehydrogenase is converted into dehydrogenases present in yeast
grown aerobically. Unlike amimal L-lactate dehydrogenase [30, 34], the
yeast lactate dehydrogenases are not NAD-dependent and aerobic L-lac-
tate dehydrogenase is hem-dependent.

The comparison of the three yeast dehydrogenases requires the use
of pure enzymes. However, only L-lactate dehydrogenase has been
obtained in crystalline form [3, 31] whereas the two D-lactate dehydro-
genases have not yet been sufficiently purified [7, 28].

In this paper, a method of isolation of p-lactate dehydrogenase from
yeast grown anaerobically is described and some kinetic data of the
obtained preparation are presented.

MATERIALS AND METHODS

Organism. Yeast Foam (strain no. 251 - 253 from our collection) was
the same as used previously [33]. The cells were cultured on a sterile
medium composed of: glucose 5%, peptone 2%, KHyPO; 0.1%, (NH;),SO;
0.12%, yeast extract 0.1, calcium pantothenate 0.2 mg®o, nicotinic acid
0.05 mgY/o, biotin 0.0025 mg%s, Tween 80, and ergosterol (25 mg. of ergoste-
rol and 2.5 ml. of Tween 80 were added with 96°% ethanol to a final vo-
lume of 10 ml., and added to 10 litres of the medium). To obtain anaerobic
conditions, CO, from a tank was flushed through the culture, the flask
being closed with a U-shaped tube containing mercury. The yeast was
grown for 48 hr. at 28°, then centrifuged in the cold. The harvested
cells were washed three times with cold water and air-dried at room
temperature.
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230 J. RYTKA and W. TYSAROWSKI (2]

Reagents. FAD, FMN, and BAL were from Fluka (Switzerland); cal-
cium D(-)lactate was from Mann Research Lab. (New York, U.S.A.), the
contents of p- and L- forms in the preparation have mot been assayed,
NAD was from Boerhinger (Mannheim, Germany); ZnSO,, spectrally
pure, from the Polytechnic School in Gliwice. Other reagents were of
analytical grade and were obtained from Fabryka Odczynnikéw Chemicz-
nych in Gliwice, Poland. Calcium lactates were converted to sodium
salts using trisodium phosphate. The organic acids used were adjusted
to pH 7 with sodium hydroxide. Cytochrome c¢ in a concentration of
54 wmoles per 1 ml.,, was isolated from horse heart muscle [29]. The
preparation of calcium phosphate gel [9] contained 54 mg. dry weight
per 1 ml. Phosphate, tris and borate buffers were prepared by standard
methods [15], pH of the solutions being checked on an LBS I pH-meter
(Eureka, Poland). Ionic strength was adjusted by adding calculated
amounts of NaCl in substantia. Quartz sand was purified by treatment
with concentrated hydrochloric acid, washed with water, dried at 100°,
and the fraction passing through a 0.5 mm. mesh sieve was collected.

Protein determination. This was done by the biuret [22] or turbi-
dimetric [22] method.

Enzymic activity determination. The reaction mixture (3 ml)
contained: 66 mm-phosphate buffer, pH 7.9; 16.6 mM-sodium DL-lactate
or 8.3 mn-sodium p-lactate, an appropriate electron acceptor and
varying amounts of enzyme. In most of the experiments, 0.66 my-potas-
sium ferricyanide was used as electron acceptor, and its reduction was
determined by measuring the change of extinction at 420 mp. The
reduction of other acceptors was measured, respectively: of cytochrome ¢
at 550 mp, of NAD at 340 mu, of 2,6-dichlorophenol indophenol at
620 mu. The extinction was read in an SF-5 spectrophotometer (U.S.S.R.).
As a unit of enzyme activity was taken that amount of enzyme which
caused oxidation of 1 wmole of lactate per 1 min. per 1 mg. protein.

Michaelis constants (K,,) and maximum velocities (V) were calculated
by the method of least squares from the double reciprocal form after
Lineweaver & Burk [24]

I_K,,, 1_1_1

A
Inhibitor constants (K;) were calculated according to Dixon [12] for
competitive inhibitors by the formula:
Rlch el
( Kp/Km) S|
and for non-competitive inhibitors by
L0 S ¢
(VIVy) — 1

K;

Ki
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K, and V,, the apparent Michaelis constant and maximum velocity in
the presence of inhibitor, were calculated by the method of least squares.

The negative logarithmic form of ionization constants pK; and pKk,
were obtained from the plot of pK, (i.e. -log K;;) and log V against
pH [11].

RESULTS
Purification of the enzyme

During all procedures involved in the isolation of the enzyme, the
preparation was kept on ice. Sediments were obtained by centrifugation
at 17500 g in a Servall SS-1 centrifuge placed in a refrigerator.

Extracts of air-dried yeast cells were prepared with 66 nm-phosphate
buffer, pH 7.4, by one of the four following procedures. (1), Autolysis:
the suspension of yeast, containing 3.5 ml. of buffer per 1 g. of cells,
was incubated for 2.5 hr. at 37° on a water bath with continuous
stirring. (2), Freezing and thawing: a suspension containing 7 ml. of the
buffer per 1 g. of cells, was frozen with solid CO, and thawed with tap
water. (3), Extraction of acetone-dried cells: air-dried yeast was added
with a double volume of acetone at -6°, the precipitate dried in a stream
of cold air, and 7 ml. of phosphate buffer was added per 1 g. of the
powder. (4), Disruption of cells by grinding with quartz sand: yeast was
ground with sand, 7.0 ml. of phosphate buffer being added per 1 g. of
cells. The activity and the yield of the extracts are presented in Table 1.
The greatest yields were obtained by freezing and thawing and by
extraction of acetone-dried cells; the latter extracts, however, were
unstable and during purification became inactivated. Therefore in
further experiments only the freezing and thawing procedure was used.

Table 1

Extraction of p-lactate dehydrogenase from anaerobic yeast
with phosphate buffer, pH 7.4

Details of the procedure as described in the section Purification of the enzyme.

Activity Yield
X Protein (umole lactate (umole lactate
Method of extraction (mg./ml.) oxid./min./mg. oxid./min./g.
, protein) dry yeast)
| Autolysis 33 0.17 15
| Freezing and thawing 45 0.22 54
| Extraction from acetone-dried yeast 22 0.40 53
l Grinding with quartz sand 21 0.08 7
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232 J. RYTKA and W. TYSAROWSKI [4]

The yeast extract was added with trypsin to 1% final concentration
and incubated for 30 min. at 37°. The digestion of protein and the
increase in specific activity during incubation with and without trypsin
are shown in Fig. 1. After trypsin digestion, calcium phosphate gel was
added in the proportion of 0.5 mg. of dry weight per 1 mg. of the original
amount of protein in the extract, and left for 15 min. at room tempera-
ture. After centrifuging, the supernatant was treated with solid ammo-
nium sulphate. The fraction precipitated at 0.35-0.75 saturation was
centrifuged and the sediment dissolved in 66 mM-phosphate buffer,
pH 7.4. The solution was added with sodium pr-lactate and ZnSO; to
a final concentration of 50 mM and 0.01 mM, respectively, heated on
a water bath for 3 min. at 53°, cooled rapidly and centrifuged. The

3

R

8

@

Activity -
(umole lactate oxid./mg. protein)

Protein (mg./ml.)

al b 1

30 60
Incubation time (min.) Incubation time (min.)

Fig. 1. The effect of frypsin (a), on the amount of protein in yeast autolysate
and (b), on D-lactate dehydrogenase activity. (@), With no trypsin added (control);
(0), after addition of trypsin to 1% final concentration.

supernatant was frozen at -18°, then, after thawing, trypsin was added
again to a final concentration of 0.2 and the mixture incubated succes-
sively for 15 min. at 37°, for 5 min. at 42° and for 5 min. at 47°. After
cooling, calcium phosphate gel was added as above, the mixture centri-
fuged, and the supernatant fractionated with solid ammonium sulphate.
Usually the fraction precipitating at 0.50 - 0.55 saturation contained the
bulk of the enzyme and was used for further purification. Since,
however, slight deviations were sometimes observed, the enzymic activ-
ity was determined also in the neighbouring fractions. The active frac-
tion was collected by centrifugation, dissolved in phosphate buffer as
described above, and after addition of sodium pL-lactate to a final
concentration of 50 m»M; was heated for 3 min. at 53°, cooled and centri-
fuged. The supernatant was divided into small samples which were
frozen and stored at -18° umtil used for experiments. The course of
isolation of the enzyme is shown in Table 2.
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Table 2
Purification of p-lactate dehydrogenase

Ten grams of air-dried yeast cells were extracted and treated as described in the
section Purification of the enzyme.

Activity
Vo- | Total | Protein | (umoles lactate | Purifi- | Yield
Stage lume activity (mg./ml.) oxid./min./mg. cation (%)
(ml.) protein) |
Extraction with phos- I l ‘
phate buffer 50 | 300 | gl ko Sy - | Tie
Digestion with trypsin | |
and gel adsorption | 55 | 275 16: sl 0.5 2 91
Ppt. at 0.35-0.75 ‘ |
(NH4),S0; sat. 15 315 21 1.0 5 105
Heating at 53°, 3 min. | 12 240 4 5.0 y. 28 80
Second digestion with v ’
trypsin and gel ad- ‘
sorption | 14 , 224 ‘ 2 8.0 40 74
Ppt. at 0.50-0.55 | , | ‘
(NH,);S04 sat. s 140 3 | 15.5 e 50 46
Second heating at 53° ’ ’ | 4
3 min. e A e 1 i 31.0 [ ss 31

Properties of the purified enzyme

Substrate specificity. The purified dehydrogenase preparation in the
presence of potassium ferricyanide as electron acceptor oxidized p-lactate,
the K,, value being 0.9 mM. When pL-lactate was used as substrate, the
calculated K, for p-lactate was also 0.9 mM. Among the other substrates
tested, p-malate (K, 0.7 mM) and pL-hydroxybutyrate (K, 3.5 mm) were
oxidized whereas meso-tartrate, 3-phosphoglycerate, ethanol and acetal-
dehyde were not oxidized. In the oxidation of D-lactate, ferricyanide
could be replaced by dichlorophenol indophenol but not by cytochrome c
or NAD. Moreover, NADH,; was not oxidized in the presence of pyruvate.

The K,, values at 8.3 mM-D-lactate and 16.6 mm-DL-lactate concen-
trations, were found to be 5 wm for ferricyanide and 2 um for dichloro-
phenol indophenol.

The enzymic oxidation of D-lactate in the presence of 0.66 my-ferri-
cyanide is a zero-order reaction (Fig. 2) as the K, value of ferricyanide
is much lower than the concentration used. The oxidation of D-lactate
by the dehydrogenase under the conditions of the experiments corres-
ponded to the reaction:
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k+1 k+2
Bl Si===""BESt=="E P
k1

that is to the classical one-substrate kinetics of Briggs-Haldane [8] and
not to the kinetics of a two-substrate reaction [1] commonly found for
oxidoreductases.

The effect of pH. Using D-lactate as substrate, it was found that the
optimum for the enzyme activity was at pH 8.6 -8.9 (Fig. 3) and that
the enzyme was more stable in alkaline medium. The effect of lactate
concentration was tested at different pH values, and the Michaelis con-
stants and maximum velocities were calculated. From the plot of log V

100
06._
ST
a5t ~
2
Foal =9
u,gaa- s40
02}
20
01}
A1 1 1 1

715 30 45 60 %
Incubation time (min.)

Fig. 2 Fig. 3

Fig. 2. Enzymic oxidation of p -lactate in the presence of ferricyanide as electron
acceptor. In a sample (3 ml), 10 pl. of enzymic preparation was present. Details
of the procedure as described in the section Materials and Methods.

Fig. 3 The effect of pH on the activity and stability of p-lactate dehydrogenase
from anaerobic yeast. (@), Activity depending on the pH value of the medium;
(0), activity of the enzyme at pH 7.9 after 30 min. incubation at the indicated pH.

and pK,, against pH (Fig. 4) the pK values of the enzyme were calculated
{11] to be pK; 7, and pK, 10.6. These values were confirmed by the
values obtained when the reciprocal of Michaelis pH function was
plotted against pH [13] as shown in Fig. 5.

When the phosphate buffer was replaced by borate buffer at the
same concentration, the activity of the enzyme was about 8% lower
and in tris buffer 68%. The effect of ionic strength is shown in Fig. 6,
the optimum being at I 0.165.

The effect of temperature. To determine the amino acids that
correspond to the pK values found, the effect of temperature on the
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10

1/pH Function
&

Fig. 4 Fig. 5

Fig. 4. The effect of pH on pK,  and log V of D-lactate dehydrogenase from
anaerobic yeast.

Fig. 5. Variation of the reciprocals of the Michaelis pH functions with pH.
D-Lactate dehydrogenase (4), in non-ionized form; (O), with one ionizing group
dissociated; (4A), with two ionizing groups dissociated.

100

g\‘o_ ()

2

S50

'S

<
Fig. 6. The effect of ionic strength al ! |
on the activity of D-lactate dehy- /i Tonic grf? e as
drogenase from anaerobic yeast. 9

maximum velocity and Michaelis constant was studied. The ionization
energy (Fig. 7) corresponding to the amino acid situated at the active
site of the enzyme was calculated by the formula [16]

dpK
d(1/T)

For pKj, 4H was about 6000 cal. and for pK, about 5600 cal.

The activation energy of the enzyme studied, calculated from the
Arrhenius plot shown in Fig. 8, was 21 700 cal. per mole.

Inhibitors. One-carboxylic acids and oxalic acid appeared to be com-
petitive inhibitors (Fig. 9) and among them oxalic acid was found to
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Fig. 7 Fig. 8

Fig. 7. The effect of temperature on pK,, and log V, at different pH values.
The temperature of the reaction mixture was obtained by placing the spectro-
photometric cells in a double-walled container connected with a Hoepler thermostat.

Fig. 8. The effect of temperature on the activity of D-lactate dehydrogenase from
anaerobic yeast. (O), Arrhenius plot, log V of D-lactate conversion as a function
of reciprocal of temperature (Kelvin scale).

have the lowest K; value (Table 3). The inhibitory activity of the acids
was not abolished by the presence of an a-keto group; pyruvate,
oxaloacetate and a-ketoglutarate also acted as competitive inhibitors
(Fig. 10). From these a-keto acids, oxaloacetate had the greatest affinity
towards the enzyme, its K; being 0.7 mm. The hydroxyacids, pL-hydro-
xybutyrate, bL-malate, and meso-tartrate had no effect on the reaction.
Similarly, alanine, leucine, tyrosine, glycerol and ethanol, as well as
acetaldehyde, proved to be inactive.

Table 3

Inhibitory effect of saturated fatty acids and ketoacids on p-lactate
dehydrogenase from anaerobic yeast

K_ of D-lactate was 0.9 mM, The acids were added as sodium salts.

m
Concn. of
Addition compound added K» K r
(mm) (mm) (mm)
Acetate f 12 L0 e § 12
Butyrate | 3 } 4 | o8 1.0
Octanoate 0.15 3.5 | 0.16 0.9
Tetradecylate 0.1 2:1 ‘ 0.1 1.2
Oxalate 3.5 50 | 0.056 1.1
Pyruvate 30 R T 1.0
a-Ketoglutarate | 30 | 6 ; 4.6 0.9
Oxaloacetate | 2 | 3.4 0.7 ; 1.1
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The number r of molecules of the inhibitor which are bound with
the enzyme (E-+rI = EIr) may be calculated from the equation
log (1_0 = 1) =@

r= <. yawhere (C=lao = us ol SR
log I (Kn + S)K,

N

[5,14]. The calculated value of r varied from 0.9 to 1.2 indicating a 1:1
molar proportion (Table 3). The chelating compounds studied, EDTA,
o-phenanthroline and haematoporphyrin, inhibited the activity by 50%

Kn Ko 1/[p-lactate] (mm) s Ylo-iactatsilo)
Fig. 9 Fig. 10

Fig. 9. The effect of saturated fatty acids on the activity of D-lactate dehydro-

genase from anaerobic yeast. (@), Control, no inhibitor added; with the addition

of sodium salts of: (CJ), 0.1 mM-tetradecylate; (&), 0.15 my-octanoate; (Q), 3 my-bu-
tyrate; (A), 12 my-acetate; or (M), 2 mht-oxalate.

Fig. 10. The effect of w-ketoacids on the activity of D-lactate dehydrogenase from
anaerobic yeast. (@), Control, no inhibitor added; with the addition of sodium
salts of: (C]), 2 mm-oxaloacetate; (A), 30 my-a-ketoglutarate or (O), 30 my-pyruvate.

at concentrations of 2.5, 3.4, and 0.11 mM, respectively. The effect of
EDTA had a competitive character, K; being 18 wm, and r 1; PCMB had
a similar competitive effect, the calculated K; being 7 wM, and r 1. Under
the conditions used, the inhibitory activity of EDTA and PCMB did
not increase with the incubation time during the activity determinations.

Activators. The following compounds were tested: 0.3 mM-FAD,
0.3 mm-FMN, 3 mu-NAD; GSH, GSSG, BAL, cysteine, and lipoic acid
at 65 mM concentration; and ZnSO,, FeCl, and MgSO; at 0.17 mm con-
centration. No effect of these compounds on the activity was observed
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when an active enzyme preparation was used. On the other hand,
when the preparation was partially inactivated, some of these compounds
had an activating effect.

Dialysis of the purified enzyme preparation for 36 hr. against water
resulted in an 80% decrease of activity, and the addition of FMN or FAD
caused 38 and 34% reactivation, respectively. A preparation obtained
from the fraction precipitated at 0-0.7 ammonium sulphate saturation
which was 80% inactivated by warming on a water bath at 55° for
10 min., was reactivated by FAD and FMN to 48 and 32% of initial
activity, respectively.

DISCUSSION

A method has been elaborated for the isolation of p-lactate dehydro-
genase from yeast grown anaerobically. The preparation obtained was
purified 150-fold with a 30% yield. The activity of the preparation
corresponded to the oxidation of 31 wmoles of D-lactate per 1 min. per
1 mg. protein, whereas the method employed previously [33] gave
a preparation with 10-fold lower activity. The improvement seems to
be due to the employment of twofold digestion with trypsin which
does not destroy the enzymic activity. Attempts at further purification
of the preparation resulted in inactivation of the enzyme. It should be
noted that in cases when the specific activity during the first stages
of purification was high, in further steps a lower degree of purification
was achieved.

The obtained preparation of p-lactate dehydrogenase had a specificity
similar to that of the preparation of Boeri, Cremona & Singer [7]. The
high activation energy found (21 700 cal. per 1 mole) and high Michaelis
constant (0.9 mM) may indicate that lactate is not a natural substrate
for this enzyme. ,

Assuming as the maximum specific activity of the enzyme the value
of 100 pmoles calculated by Iwatsubo [18], it follows that in our prepa-
ration the enzyme is purified by 30°%. The molecular weight of the
preparation as determined kindly by Dr. Iwatsubo by the Sephadex
method of Iwatsubo & Curdel [19] was found to be 100000, and the
preparation was not hydrolysed by trypsin into smaller subunits.

From the data obtained, using the Briggs-Haldane equation [8]:
k_i+ ki

kg
it is possible to determine the velocity constants of the enzymic reaction
using the calculation method of Slater [32]. The three velocity constants
were: k_; 2 0; kyr = 1.6 X 103; kyy = 1.7X 105, These values are similar
to those obtained for other oxidoreductases [32].

Kn =
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Saturated fatty acids (Fig. 9) and ketoacids (Fig. 10) proved to be
competitive inhibitors. When the carboxyl group was replaced by a
hydroxyl or aldehyde group, the inhibitory activity of the compound
was abolished. These data suggest the participation of the carboxyl
group of the substrate in the reaction with the enzyme. At the active
site of the enzyme, the imidazole group of histidine may participate in
this reaction, as indicated by the value of pK; 7 (Fig. 4,5) and the
ionization energy of about 6000 cal. Similarly as the carboxylic acids,
PCMB appeared to be a competitive inhibitor; this may indicate the
participation of thiol group in the substrate-enzyme reaction. On the
assumption that ferricyanide reacts with the SH groups of the

! %

~
CHs / CH3 S—/
| SOH 4 _C=CH
<O~ H-—N [
T

‘-
=

C<0H g
| +/(=(.H >
&

Enzyme N

CH, HS—
HS—
(::=() + B
C=(
G0 H~"
N N
2 -~
LN /// %
. = HS— 3
2Fe(CN).. + o= e (CNY
el s HS— ; e it
Ty
+ _C=CH S 4+ O=CH &
H—N | Nl N
XC—N s i N\(:-—{' &
H H H u/
o )

Fig. 11. Proposed mechanism of D-lactate oxidation by lactate dehydrogenase from
yeast grown anaerobically, in the presence of ferricyanide as electron acceptor.
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respiratory enzymes [20] it seems possible to suggest the oxidation of SH
groups to S—S during the enzymic reaction. Oxidized S—S groups may
undergo reversible reduction by hydrogens of a-carbon of D-lactate.
In experiments in vitro, the mechanism of enzyme activity consists in
a reversible reduction of S—S group to SH, with ferricyanide serving
as electron acceptor. The proposed scheme of the reaction is shown in
Fig. 11. The reduction of ferricyanide by SH groups may be inhibited by
EDTA in a non-chelating manner [20]. So far, however, neither the role
of anaerobic yeast p-lactate dehydrogenase mor the electron acceptors
participating in the reaction, are known.

The authors wish to thank Dr. M. Iwatsubo from the Institut de
Biologie Physico-chimique, Paris, for performing the determinations of
the molecular weight of our preparation of p-lactate dehydrogenase.

SUMMARY

1. p(-)lactate dehydrogenase from yeast grown anaerobically was
purified by an improved method involving digestion by trypsin.

2. Kinetic properties of the enzyme were studied, and a mechanism
is suggested for the oxidation of p-a-hydroxyacids.
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IZOLOWANIE I WEASNOSCI DEHYDROGENAZY D(-)MLECZANOWEJ
DROZDZY HODOWANYCH BEZTLENOWO

Streszczenie

1. Opracowano nowa metode oczyszczania dehydrogenazy D(-)mleczanowej

drozdzy hodowanych beztlenowo z uzyciem trypsyny.

2. Zbadano kinetyczne wilasnoéci tego enzymu, na podstawie ktérych zapropo-

nowano schemat utleniania p-a-hydroksykwaséw przez dehydrogenaze.

Received 29 December 1964.
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K. KLECZKOWSKI

L-GLUTAMINE AS DONOR OF CARBAMOYL GROUP NITROGEN
FOR THE ENZYMIC SYNTHESIS OF CITRULLINE
IN GREEN PEA SEEDLINGS

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

Three different pathways are known for the enzymic synthesis of
carbamoyl phosphate (CP). In the first one, found in micro-organisms in
1955 by Jones et al. [2], CP formation from carbamate and 1 mole of
ATP in the presence of Mg?* is catalysed by carbamate kinase (ATP:
carbamate phosphotransferase, EC 2.7.2.2). The second one, found by
Metzenberg et al. [6] in 1958 in ureotelic animals, is catalysed by carba-
moyl phosphate synthase (ATP : carbamate phosphotransferase (dephos-
phorylating) EC 2.7.2.5) in the presence of ammonium bicarbonate,
2 moles of ATP, N-acetylglutamate and Mg2*. Finally the third one,
found in 1962 by Levenberg [4] in the common mushroom, Agaricus
bisporus, is also a carbamoyl phosphate synthase [3] but is mediated by
L-glutamine in the presence of bicarbonate, ATP and Mg2*.

Preliminary experiments for the present work, done in 1962 in the
laboratory of Prof. Dr. P. P. Cohen, University of Wisconsin, Madison,
U.S.A.,, have indicated that in green pea seedlings L-glutamine could
serve. as a nitrogen donor for the synthesis of carbamoyl group of
citrulline. Other plants were also tested, such as seedlings of the lupin,
wheat, barley, cucumber and bean, but have shown only negligible
activity.

In this paper an L-glutamine-mediated synthesis of citrulline by pea
seedlings, has been described.

MATERIALS AND METHODS

Reagents. ATP-Na, (Reanal, Hungary and Schuchardt, Germany);
L-ornithine-HC] and 3-phosphoglycerate Ba salt (Calbiochem., U.S.A.);
for experiments the Ba salt was transferred to K salt; N-acetyl-pL-glu-
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244 K. KLECZKOWSKI 21

tamic acid and L-glutamic acid (Sigma Chem. Corp., St. Louis, U.S.A.);
tris (Carl Roth, Karlsruhe, Germany). All other reagents were of Polish
origin, distributed by Biuro Obrotu Odczynnikami, Gliwice.

Enzyme extracts. Green pea seeds, variety Perla Szlachetna, were
soaked overnight in water and germinated on small trays covered with
moist cotton wool. Plants were grown at room temperature for 10 - 14
days and the tops (4 -5 cm. above the roots) were used for the acetone-
-dried powder preparation. The harvested plant tops were frozen in
solid CO, and homogenized three times for 15 sec. at 16 000 rev./min.
in a cooled Servall Omnimixer, with 7.5 volumes of acetone (cooled in
solid COj;) containing 10 mMm-2-mercaptoethanol. The homogenate was
quickly filtered through a Schott G-3 sintered glass and again homo-
genized as above with an excess of acetone (15 - 20 volumes of the initial
weight of seedlings). After filtration, the sediment was washed with
cold acetone and the light green material spread thinly on filter paper
to allow quick evaporation of acetone. The dry preparation kept in an
evacuated desiccator over P;O; at 4 -8° retained its initial enzyme
activity for at least two months.

The enzyme solution was prepared just before the experiments by
extraction of 100 mg. of the acetone-dried powder in ice with 10 ml.
of 0.2 M-tris-HCI buffer, pH 7.6, containing 10 mM-2-mercaptoethanol, by
continuous stirring for 5 min. and filtering through cotton wool.

The ATP regenerating enzyme preparation was obtained from rabbit
muscle according to Racker [7] using the modification described by
Ratner [8].

Incubation mixture: 0.25 ml. of the acetone-dried-powder extract,
0.25 ml. of a solution containing 50 wmoles of tris-HCI1 buffer, pH 7.6,
and 2.5 wmoles of 2-mercaptoethanol; 0.1 ml. of a mixture containing
5 wmoles ATP, 10 pwmoles L-ornithine-HCl and 15 wmoles MgSOy,
adjusted to pH 7.4 with 0.5n-KOH; 0.1 ml. of a solution containing
20 pmoles of L-glutamine, 20 wmoles of NaHCO3; and 10 mmoles of
3-P-glycerate; and 0.1 ml. of a solution containing 1.2 mg. of the
freeze-dried ATP regenerating enzyme preparation. The mixture was
made up with water to 1.1 ml. and incubated for 30 min. at 37°. The
reaction was stopped by addition of 0.1 ml. of 60°% HCIO;, then water
was added to 2.6 ml., the precipitated protein was centrifuged off and
2 ml. of the supernatant were used for the determination of citrulline [1].
Control samples were prepared as above, except that the enzyme
solution has been inactivated by heating at 100° in a water bath for
5 min. prior to the addition of above substrates.

Protein was determined according to Lowry et al. [5], 2.5 -3.0 mg.
of protein being present in 1 ml. of the acetone-dried powder extracts.
Enzyme activity was expressed as mmmoles of synthesized citrulline
per 1 mg. of protein in experimental conditions.
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[3] L-GLUTAMINE IN CITRULLINE SYNTHESIS 245

RESULTS

The synthesis of carbamoyl group was assumed to have occurred
when in the incubation mixture citrulline was formed from L-ornithine
in the presence of bicarbonate, glutamine and ATP, ornithine transcar-
bamylase being present in a sufficient amount in the acetone-dried
powder extracts [9].

To ascertain the optimum conditions for the reaction studied, three
buffer solutions were tried. Glycylglycine was more effective by about
20%o, and phosphate buffer less effective by 20%, than tris-HCI buffer.
Since supplies of glycylglycine were inadequate, all reported experi-
ments were done in tris buffer.

The pH optimum for the assayed reaction (Fig. 1) lies between 7.4
and 7.6. Linear relation between the quantity of enzyme and citrulline
formation was observed only at a narrow range up to 0.25 ml. of the
extract used (Fig. 2). The enzymic activity increased proportionally to

a
3
T
S
T

2
3

Citrulline (mumoles/mg. protein)
8
T
Citrulline (pg./sample)

L 1 ¥ 3 1 1 1 | ! 1 1 1

2 76 80 84 88 92 02 04 06 08 10
pH Enzyme extract (ml.)

Fig. 1 Fig. 2

Fig. 1. Effect of pH on citrulline synthesis. The incubation system was as described
I under Methods.

Fig. 2. Effect of concentration of acetone-dried powder extract on citrulline
synthesis. The incubation system was as described under Methods except that
the amount of acetone-dried powder extract was changed as indicated.

the time of incubation for up to one hour (Fig. 3) and no further in-
crease was observed on extending the time of incubation. About
15 pmoles of Mg?* per sample (1.1 ml.) were the optimum amount for
the activity. Higher concentrations caused a small decline in the forma-
tion of citrulline (Fig. 4).

The effect of metal ions is shown in Table 1. The Mg?* ions proved
to be the most efficient activator, followed by Mn2* and Co?*. Nickel
ions were practically inactive. The addition of Co?* to Mg?* ions caused
a 50% drop in activity. Levenberg [4] used fluoride ion as stabilizing
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Fig. 3 Fig. 4 Fig. 5
Fig. 3. Effect of time of incubation on citrulline synthesis. The incubation system
was as described under Methods, and time of incubation as indicated in the Figure.
Fig. 4. Effect of Mg2+ concentration on citrulline synthesis, The incubation system
was as described under Methods, except that the amount of MgSO; was as
indicated in the Figure.
Fig. 5. Effect of L-glutamine concentration on citrulline synthesis. The incubation
system was as described under Methods except that the amount of L-glutamine
was as indicated in the Figure.

agent for the enzyme. In our experiments it was found that the addition
of only 3 pmoles of KF to the incubation mixture caused total inhibition
of citrulline formation.

The presence of bicarbonate proved of importance, as without its
addition the enzyme activity was lower by about 40°%. The effect of
concentration of L-glutamine on the reaction is shown in Fig. 5. Under
the conditions used, the maximum activity was reached at 10 wmoles
of L-glutamine per sample; the addition of N-acetylglutamate had no
offect on citrulline formation.

Table 1
The effect of metal ions on citrulline synthesis
The incubation system contained: acetone-dried powder extract, 0.25 ml.; tris-HCl
buffer, pH 7.6, 50 uwmoles and 2-mercaptoethanol, 2.5 umoles; ATP, 5 pmoles;
L-ornithine, 5 umoles; metal ions in amount as shown in Table; L-glutamine,
20 umoles; NaHCOjz; 20 wmoles; 3-P-glycerate, 10 umoles; ATP regenerating
enzyme preparation, 1.2 mg.; water to give a final volume of 1.1 ml Time of
incubation 30 min. at 37°.

Addition Concentration Citrulline synthesis
(zmoles/sample) (mpmoles/mg. protein)
None 0
Mg2+ 15 80
Mn2+ 15 20
Co2+ 15 10
Ni2+ 15 traces
Mg2+ 4-Co2+ 15+15 40
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51 L-GLUTAMINE IN CITRULLINE SYNTHESIS 247

Table 2
Effect of L-glutamine, L-asparagine, NH;* and other nitrogen
compounds on citrulline synthesis

The incubation mixture was as 'described under Methods except that where
indicated L-glutamine was replaced with 20 umoles per sample of the indicated

compound.
Compound Citrulline synthesi§
(mpmoles/mg. protein)
L-Glutamine 100
L-Asparagine 30
Formamide 0
Succinate amide 0
Benzoate amide 0
Succinate imide 0
L-Glutamic acid 0
Ammonium carbamate 12
NHsHCO; 9
(NH4):SO4 12

Amides other than L-glutamine were tested as nitrogen donors
(Table 2). L-Asparagine showed considerable activity but formamide,
succinate amide, benzoate amide and succinate imide had practically
no effect. Some activity was observed in the presence of inorganic
ammonium salts. No citrulline formation was observed when L-gluta-
mine was replaced by L-glutamic acid.

Table 3

Effect of SH-compounds on citrulline synthesis

The incubation mixture was as described under Methods except that the acetone
powder was prepared with tris buffer without 2-mercaptoethanol.

j Addition Citrulline synthesis

| (5 pmoles/sample) (mpmoles/mg. protein)
None 70
2-Mercaptoethanol 99
SH-glutathione 97
Cysteine 60
Control, extraction with 2-mer-

captoethanol 126

For the experiments on the effect of SH-containing compounds tris
extracts without 2-mercaptoethanol were used, and to the incubation
mixture 5 wmoles of 2-mercaptoethanol, reduced glutathione or cysteine
was added and compared with the sample extracted in the presence of
2-mercaptoethanol (Table 3). 2-Mercaptoethanol and reduced glutathione
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added to the incubation mixture, had an activating effect on the enzyme.
It is remarkable that no such effect was observed on addition of cysteine,
the reducing activity of which was tested with urease and arginase
prior to this experiment.

DISCUSSION

For the synthesis of carbamoyl group of citrulline in green pea
seedlings L-glutamine appears to be the favoured donor of nitrogen.
As glutamate was found to be inactive, it would seem that the amide
group of L-glutamine contributes the mecessary mitrogen.

The results reported in this paper confirm largely the findings of
Levenberg [4] on the mushroom Agaricus bisporus. The role of L-gluta-
mine and Mg2* as well as the optimum pH range appear to be similar
both for the mushroom and green pea seedlings. However, several dif-
ferences have been observed. With the mushroom enzyme Co?* was twice
as active as Mg2* whereas with the pea seedling enzyme Co?* had only
10% of the activity of Mg?*. Fluoride had no stabilizing effect on the
pea seedling enzyme, on the contrary the addition of 3 wmoles of KF
to the incubation mixture caused total inhibition of citrulline formation.
In the mushroom, only L-glutamine was effective as mitrogen donor
whereas in pea seedlings L-asparagine was also utilized but the reaction
was 30% of that with L-glutamine. It would therefore seem that the
reaction in pea seedlings is less specific than in A. bisporus. Yet the
results presented in this paper will have to be confirmed on plant
enzyme preparation that had been further purified.

No satisfactory results were obtained with incubation systems com-
monly used for carbamate kinase or carbamoyl phosphate synthase
(unpublished results).

I wish to express my very best thanks to Prof. Dr. P. P. Cohen who
facilitated my first experiments in his laboratory in 1962 and to Dr. M.
Marshall also from the University of Wisconsin, Madison, U.S.A. for
the gift of 3-phosphoglycerate. I would like to express my best thanks
to Prof. Dr. I. Reifer for valuable advice and discussion. The skilfull
technical assistance of Miss Jadwiga Konaszewska is gratefully acknow-
ledged.

SUMMARY

It was shown that in green pea seedlings L-glutamine is the best
nitrogen donor for the formation of carbamoyl group of citrulline.
L-Asparagine had 30%, and inorganic ammonium ions about 10%, of
L-glutamine activity while N-acetylglutamate had mno effect. The
presence of Mg?+ proved to be essential. The optimum pH for synthesis
was 7.4 -17.6.
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L-GLUTAMINA JAKO DONOR AZOTU W SYNTEZIE
KARBAMOILOFOSFORANU W KIELKACH GROCHU

Streszczenie

Wykazano, ze w kietkach grochu L-glutamina jest majlepszym donorem azotu

dla syntezy grupy karbamoilowej cytruliny. L-Asparagina wykazuje 30%, a nie-
organiczne jony amonowe 10% aktywno$ci r-glutaminy, podczas gdy N-acetylo-
glutaminian jest nieczynny. Aktywno$¢ ukladu uwarunkowana jest obecno$cig jo-
néw Mg?+, a optimum pH wynosi 7,4 - 1,6.

Received 7 January 1965.
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W. TYSAROWSKI and ANNA KONECKA

EDTA AS INHIBITOR OF FERRICYANIDE REDUCTION
BY GLUTATHIONE AND CYSTEINE

Department of Biochemistry, Faculty of Pharmacy, Medical School, Warszawa

Potassium ferricyanide is an artificial electron acceptor widely used
for studving respiratory enzymes [14, 10, 12], which, being reduced by
SH groups, is also used for the estimation of SH groups of proteins [4].

Three lactate dehydrogenases from yeast studied in our laboratory
are known to differ, among others, in the ability to reduce ferricyanide,
the lower reduction being accompanied by a lower sensitivity to p-chlo-
romercuribenzoate 1 and EDTA [8, 12]. Taking these data into account,
it was thought that experiments on the effect of EDTA on the reduction
of artificial electron acceptors by SH compounds, may help to elucidate
the mechanism of ferricyanide reduction by enzyme systems.

EXPERIMENTAL

Chemicals: Glutathione (GSH) and cysteine (CySH) were obtained
from T. Schuchardt (Miinchen, West Germany), 2,3-dimercaptopropanol
(BAL) from Fluka (Switzerland), g-hydroxyethyl-2,4-dinitrophenyl di-
sulpbide (HEDD) was synthesized and kindly given by Doc. Dr. S. Bit-
ny-Szlachto. Chelax 100 was from Calbiochem. (Los Angeles, U.S.A.).
Other reagents were of analytical grade, obtained from Fabryka Odczyn-
nikéw Chemicznych, Gliwice, Poland. The complexes of EDTA with
Mg?* and Cu?* were prepared according to Pfeiffer & Offerman [9] and
the Fe?* complex according to Brintzinger et al. [3].

Determination of the reduction rate. The final volume of the reaction
mixture was 3 ml.,, and a sample contained: 100 wmoles of phosphate
buffer, pH 7.5; one of three electron acceptors: ferricyanide, 2.0 mmoles,
Fe3*-EDTA complex 390 pmoles or 2,6-dichlorophenol indophenol 0.2

! Abbreviations used: PCMB, p-chloromercuribenzoate; BAL, 2,3-dimercapto-
propanol; FeCy, ferricyanide; FeY-!, complex of Fe’+ with EDTA; DCPI, 2,6-di-
chlorophenol indophenol; HEDD, f-hydroxyethyl-2,4-dinitrophenyl disulphide.
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252 W. TYSAROWSKI and A. KONECKA [2]

umoles; and one of six electron donors (in mmoles): glutathione 1.5,
cysteine 1.0, thioglycollate 1.5, BAL 1.0, hydroquinone 1.5 (for DCPI 2.0),
and vitamin C: 0.75 for FeCy, 1.0 for FeY"! and 0.5 for DCPI. EDTA,
when used, was added, unless otherwise indicated, in the same molar
concentration as the reducing agent.

The rate of the reduction of the electron acceptor was estimated
during 1 min. after the addition of the electron donor. The reduction of
ferricyanide was determined by measuring the change of extinction at
420 mu, that of indophenol at 620 mu and the reduction of the Fe3*-EDTA
complex, by measuring the change of extinction at 510 mu of the coloured
compound formed by Fe2* with o-phenanthroline [15]; for this purpose,
2.0 pmoles of o-phenanthroline were added after 1 min. incubation of
the acceptor with electrcn donor and extinction was read during 1 min.
The extinctions were read in an SF-5 spectrophotometer (U.S.S.R.).
The inhibitory effect was expressed as percentage according to the

equation: (g— l) X 100, and the activating effect as (E - 1) X 100;
where v; is the reaction rate with inhibitor, v, reaction rate without
inhibitor or activator, and v,, reaction rate with activator.

Free SH groups were determined by the nitroprusside method [6],
with HEDD [2], and by measuring directly the extinction at 230 or
240 mu [11, 5].

RESULTS

The reduction of ferricyanide by GSH or CySH was inhibited
by 90°% in the presence of EDTA (Fig. 1), the effect of EDTA being
practically instantaneous. The same degree of inhibition was observed
with thioglycollate used as the reducing agent. The effect of EDTA
concentration on the reduction of FeCy by GSH is shown in Fig. 2;
at about 7.5 wum concentration of EDTA the inhibition was 50%o.

Table 1
The effect of EDTA on the reduction of different electron acceptors

Conditions as described in the section: Determination of the reduction rate. All
reactions were started by the addition of the reducing agent. The results indicate
9/p of inhibition.

One-electron donor Two-electron donor
Electron acceptor i s ita- 2
on accep GSH CySH Thiogly BAL \{na H){dro
collate min C | quinone
Univalent FeCy 88 89 89 2 0 5
FeY—1 96 29 71 1 5 -
Bivalent DCPI 0 2 11 0 0 0
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Fig. 1. The effect of EDTA on the rate of reduction of ferricyanide by glutathione
and cysteine. The conditions of the experiment as described in the section:
Determination of reduction rate. The reaction was started by the addition of
GSH or CySH. (O), GSH; (@), GSH + EDTA; ([J), CySH; (m) CySH + EDTA.

Fig. 2. The effect of EDTA concentration on the rate of reduction of ferricyanide
by glutathione. The reaction mixture (3 ml) contained: 2.0 umoles of FeCy;
100 umoles of phosphate buffer, pH 7.5; 1.5 pmoles of GSH, and EDTA at the
indicated concentration. The reaction was started by adding GSH. (4), Results
obtained when Cu?+ had been removed by treatment with dithizone solution in
carbotetrachloride; (@), without removing Cu2+,

The inhibitory effect of EDTA on the redox systems studied is sum-
marized in Table 1. In a system composed of FeCy and one-electron
donor the inhibition by EDTA was found to be about 90%. In a system
containing FeY-! as acceptor, different values of inhibition were obtained
with particular one-electron donors: 96% for GSH, 71% for thioglycollate
and 29% for CySH. If the bivalent acceptor DCPI was used, EDTA had
no effect on the reduction either with uni- or bivalent electron donors.
Similarly, EDTA did not affect the reactions of FeCy and FeY"! with
a bivalent reducing agent: BAL, vitamin C or hydroquinone.

The lack of inhibition of FeCy and FeY-! reduction by the bivalent
electron donors indicated that EDTA did not bind with these two
oxidants. Therefore the possibility that the inhibitory effect of EDTA
consists in its binding to thiol groups, was examined. However, no
decrease in the number of free SH groups of GSH or CySH was obser-
ved after addition of EDTA (Table 2).

Since the effect of EDTA could not be explained by the binding with
ferricyanide or SH group, it was thought that a metal may participate
in the reaction and the effect of various cations was examined (Table 3).
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Hg?t ion at 50 wm concentration inhibited the reaction, the rate of the
reaction being 56%o of the control; at 500 um concentration, the rate was
only 18%. Co3* at 500 wum concentration inhibited the reaction by 60%
whereas Zn2*, Al3*, Fe3*™ and Mg2?* had no effect. On the other hand,
Cu2* ijon enhanced the reaction rate by 20% at 0.05 wM concentration
and by 60% at 50 wm. The complex of Cu?* with EDTA also increased
the reaction.

Table 2
Interaction of EDTA with the SH groups

Methods as described in text. In the Table, the extinction values are given.

Method of determination
Sample (3 ml.) = 3
Nitroprussidee, HEDD , E230my Ezscmy
Cysteine, 54 pmoles 0.460 —- 0.215 0.060
Cysteine, 54 pumoles + EDTA,

54 pmoles 0.490 - 0.235 0.060
Glutathione, 0.9 umole - 0.350 — -
Glutathione, 0.9 umole 4+ EDTA,

0.9 pmole - 0.385 - -

Table 3

The effect of metal ions on the reduction rate

The reaction mixture (3 ml) contained: 100 pmoles of phosphate buffer, pH 7.5;
2.0 pmoles FeCy; 1.5 pmoles GSH, and the indicated metal ion. The reaction was
started by the addition of GSH. The reduction rate with no ions added (control)

1
was 0.320 AE:;;/min.. The results are expressed as % of inhibition (—) or

activation (+).

Addition 0.05um | 0.5um 5 M 50 um 500 pum
Zn2* +3 +1 —5 4 0
Fe3* -7 +1 ) = +9
Mgzt +4 =213 —9 =11 0
Hg2* —10 =13 i —44 =5
At =0 — =8 —10 —10
Cuzt +21 . +31 +46 +62 —_
Co3* +10 +1 +9 +1 —60
Cu2+-EDTA complex — — = = 440 |

As Cu?* jon was found to accelerate the reduction of FeCy, experi-
ments were performed in which special procedures were applied to
remove copper from the water and reagents used (Table 4). No change
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in the reaction rate was observed when the water had been bidistilled
from glass, and when the reagents had been treated with Chelax 100 [16].
But if the water had been distilled in the presence of EDTA the reaction
rate was lower by 34%; the treatment of the reagents with a solution
of dithizone in carbotetrachloride [13] reduced the rate by 66% and the
treatment of the reagent solutions with Mg2*-EDTA complex for 24 hr.
resulted in a decrease by 39%,. Nevertheless in all the experiments in
which Cu2* had been removed, the addition of 1.5 umoles EDTA to the
reaction mixture inhibited the reduction of FeCy by 70 - 90%o.

Table 4
The effect of removal of Cu?t and of adding EDTA on the reduction
of ferricyanide by glutathione

The reaction mixture (3 ml) contained: 100 wmoles of phosphate buffer, pH 7.5;
2.0 pmoles of FeCy and 15 umoles GSH. The amount of EDTA added was
1.5 wmoles. The reaction was started by adding GSH.

| Reduction rate
| a Inhibi-
Treatment of the reagents | no EDTA with EDTA tion
| (E,o"/min) | (AE}o"/min) | (%)
Dissolved in distilled water 0.350 0.040 88
Dissolved in bidistilled water 0.345 0.035 90
Dissolved in distilled water in the presence
of EDTA 0.230 0.040 83
The reagent solution treated with Chelax 100 0.330 0.030 91
The reagent solution treated with dithizone in
carbotetrachloride 0.120 0.030 71
The reagent solution added with Mg2*-EDTA
complex (500 um) and left for 24 hr. 0.215 0.040 81

When Cu?* had been removed by dithizone, EDTA in about 10 wy
concentration inhibited by 50°% the reduction of FeCy by GSH (Fig. 2);
without removing the Cu2* jon the same degree of inhibition was
obtained with 7.5 uM-EDTA. The concentration of copper in bidistilled
water, determined spectrophotometrically, was 0.088 uM, being thus
1/100 of that concentration of EDTA which inhibited the reaction
by 50%o.

The inhibition of ferricyanide reduction by EDTA was fully reversible
by the addition of an equimolar amount of CuSO; (Fig. 3). On the
assumption that the ratio of EDTA to copper in the complex formed
is as 1:1, it was possible to calculate the theoretical concentration of
free EDTA inhibiting the reaction. For the inhibition by 50%, this value
was calculated to be 10 wm, which is in agreement with the experimental
results.
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Fig. 3. The effect of Cu?+ on the EDTA-induced inhibition of ferricyanide reduction.

The reaction mixture (3 ml) contained: 2.0 umoles of FeCy; 100 pumoles of

phosphate buffer, pH 7.5; 1.5 umoles GSH; 0.15 pmoles EDTA; and CuSO; ranging
from 0.015 to 0.15 wmoles. The reaction was started by adding GSH.

DISCUSSION

The presented experiments indicate that the inhibition by EDTA of
ferricyanide reduction by SH compounds is not due to the interaction
of EDTA with the electron donor or acceptor. Two other mechanisms
of EDTA activity were therefore considered: chelation of traces of
metal ion catalysing the reduction, or the interaction of EDTA with an
intermediate formed during the reaction.

Among the metal ions tested, only Cu?* accelerated the reduction
of ferricyanide and seemed to participate in the oxidation of SH groups
by ferricyanide. It should be moted that Barron [1] and Michaelis [7]
reported a catalytic effect of copper on the autoxidation of cysteine.
In our experiments, the rate of ferricyanide reduction decreased after
removal of copper from the reaction mixture. It was observed, however,
that also in this case the reaction was inhibited by EDTA, therefore the
chelating property of EDTA cannot account for the whole of the observed
inhibition, and it seems justified to postulate an interaction of EDTA
with an intermediate product:

GSH — GS~ + H+ (1)
GS- + FeCy — (GS~FeCy) (2)
(GS-FeCy) + EDTA — (GS-FeCy-EDTA) 3)

The intermediate formed in the reaction (2) would be bound by EDTA.
Since this intermediate is formed in a small amount and EDTA at a con-
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centration corresponding to 1/60 of the used concentrations of GSH and
FeCy has been found to inhibit the reaction by 50%, it seems possible to
suggest a stoicheiometric reaction of EDTA with the intermediate. In
this case EDTA would have a non-chelating effect.

From the presented experiments it follows that in the reaction
between GSH and FeCy, the inhibition by EDTA seems to be due to two
independent mechanisms: the chelating effect (removal of copper), and
the non-chelating blocking of further conversion of the intermediate.

EDTA did not inhibit the reduction of the bivalent electron acceptor
DCPI by compounds possessing one SH group. This may suggest another
pattern of the reduction mechanism. The reduction of ferricyanide by
GSH would proceed as follows:

2 GS~ + 2 Fe3*Cy — 2 (GS-Fe3*Cy) — 2 (GSIFe2+Cy) —
— GSSG + 2 Fe2*Cy

whereas the reduction of 2,6-dichlorophenol indophenol seems to proceed
through the following steps:

GS~
GS=

—> GSSG + reduced DCPI

The proposed mechanisms may explain the effect of EDTA. With
a bivalent electron acceptor, the intermediate formed is of the type

GSO

\

’ ,
2GS = DCPI—»( DCPI) —»(GS reduced DCPI) e

GS-
acceptor, become situated in close proximity and EDTA cannot prevent
their oxidation, and so EDTA could not affect the reduction of the
bivalent electron acceptor. The lack of an inhibitory effect of EDTA on
the reduction of univalent electron acceptors by BAL which possesses
two SH groups per molecule, may be explained in a similar way. On
the other hand, in the reaction between one-electron donor and one-
-electron acceptor the oxidized product is formed from two molecules
of the intermediate (GS-FeCy). EDTA interacts with GS~FeCy and thus
prevents the formation of the oxidized product.

The presented experiments suggest that in ‘biological studies on the
inhibitory effect of EDTA, the possibility of its mon-chelating activity
should be taken into account.

(GS— indophefnol).The two SH groups binding with one molecule of the

The authors wish to thank Doc. Dr. S. Bitny-Szlachto from the
Military Institute of Hygiene and Epidemiology, Warszawa, for the gift
of HEDD, the staff of the Department of Analytical Chemistry of the
Institute for Nuclear Research, Warszawa, for performing the quantita-
tive assays of copper ion; and Mrs. Stefania Mlodzinska for technical
assistance.
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SUMMARY ;

The effect of EDTA on the reduction of univalent and bivalent
electron acceptors by thiol compounds was studied. EDTA inhibited the
reaction of a univalent electron acceptor with a reducing agent con-
taining one SH group; removal of copper did not overcome the inhibition.
With 2,6-dichlorophenol indophenol as a bivalent electron acceptor,
EDTA had no effect.
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EDTA JAKO INHIBITOR REDUKCJI ZELAZICYJANKU PRZEZ GLUTATION
I CYSTEINE

Streszczenie

Badano wplyw EDTA na szybko$é reakcji redukcji jednoelektronowych i dwu-
elektronowych akceptoréw przez zwigzki sulfhydrylowe. EDTA wywoluje efekt
hamowania w ukladach: jednoelektronowy akceptor - reduktor zawierajacy jedna
grupe SH. Efekt hamowania po usunieciu miedzi réznymi sposobami jest taki
sam jak bez jej usuniecia. EDTA nie hamuje redukcji dwuelektronowych akcep-
toré6w elektronéw.
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ANIMAL SPECIES
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Carboxylic ester hydrolases (EC 3.1.1.1) are widely distributed in
nature. Animal tissues contain two types of these enzymes: type A,
resistant to organophosphate inhibitors, and type B, sensitive to these
compounds [1]. Esterases of low specificity, acting on both aliphatic and
aromatic substrates, belong to both these types. The distribution of these
enzymes in the rat was studied by Aldridge [2]. This author found that
rat intestinal mucosa contains chiefly organophosphate-sensitive esterase
hydrolysing phenyl butyrate more rapidly than phenyl acetate. More
detailed studies concerning substrate specificity were carried out by
Hofstee [6, 7] on esterases from liver and pancreas. He found that the
rate of hydrolysis of m-hydroxybenzoic acid esters increases with the
elongation of the fatty acyl chain, reaching a maximum between Cs
and Cy, or even at higher numbers of carbon atoms in the case of the
liver enzyme.

The present paper describes the hydrolysis of a series of fatty acyl
esters of p-nitrophenol differing in chain length, by crude extracts of
small-intestine mucosa of six animal species, i.e. chicken, rat, rabbit,
pig, ox, and man.

MATERIALS AND METHODS

Preparation of mucosal extracts. Sections of the small intestine,
mainly from the part proximal to the duodenum, were used for experi-
ments. Chickens, rabbits and rats deprived of food for 12 hr. were
killed in the laboratory, and the intestines were removed immediately,
rinsed with ice-cold 0.9% NaCl solution, and opened longitudinally on
a glass plate. The mucosa was then scrapped off with a glass slide,
weighed, and homogenized in a glass homogenizer with an appropriate
volume of 0.1wM-acetate buffer, pH 5.6, containing 1 mM-EDTA. The
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homogenate was centrifuged for 15 min. at 10000 rev./min. in a MSE
refrigerated centrifuge. Ox and pig intestines were obtained from
a slaughterhouse, transported cn ice, and then treated in the same way.
Human intestine (a section 5 cm. long) was taken in the course of
a surgery.

Substrates. p-Nitrophenyl esters of acetic, propionic, butyric, valeric,
hexanoic, heptanoic, octanoic, decanoic and dodecanoic acids were syn-
thesized according to the method of Huggins & Lapides [9] designed for
p-nitrophenyl acetate synthesis. According to this method, a solution
of p-nitrophenol in benzene was refluxed with the appropriate acyl
chloride in the presence of magnesium turnings. The mixture was taken
to ethyl ether and washed repeatedly with diluted sodium bicarbonate
solution and water; then the solvents were removed by distillation under
reduced pressure. The solid esters (acetate, propionate, decanoate and
dodecanoate) were recrystallized from methanol until free from
unesterified phenol. The remaining, liquid esters were purified by
repeated distillaticn in vacuo.

Other reagents. Diisopropylfluorophosphate (DFP) was a product of
L. Light & Co. (Colnbrook, Bucks, England). The reagents used for
preparation of buffer solutions were of analytical grade.

Determination of esterase activity. A mixture of 2.5 ml. of suitably
diluted mucosal extract and 1.5 ml. of 0.066 m-phosphate buffer, pH 7.0,
was equilibrated for 5 min. at 25° then 1.0 ml. of 0.5 mm-substrate
solution was added. After 10 to 20 min. incubation, the extinction of
the yellow colour of the liberated p-nitrophenol was read at 430 mu
in a Coleman Junior Spectrophotometer. The incubation samples were
kept at 25° up to the moment of extinction reading, and the exact time
of incubation was then noted. Six parallel tests were run simultaneously,
with two controls for non-enzymic hydrolysis. All substrates were
tested with the same dilution of the mucosal extract within one series
of determinations. The activity was expressed as wmoles of the substrate
decomposed per 1 min. per 1 mg. protein.

Protein determination. This was carried out with the Folin & Cio-
calteu phenol reagent [4] according to the procedure previously de-
scribed [8].

RESULTS

The activity patterns of mucosal extracts related to the length of
the fatty acyl chain of p-nitrophenyl esters, are presented in Fig. 1.
The general appearance of the patterns is similar for all animals studied.
The activity increases at first with the increase of the chain length,
attains a maximum for esters between C; and C;, and falls with the
further increase in the number of carbon atoms. There are, however,
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[3] ESTERASES OF INTESTINAL MUCOSA 261

distinet differences between the species studied with respect to the
character of the activity patterns, localization of the maxima and the
intensity of enzymic activity.

The maximum of activity was located at C; ester for man and ox,
at C; for rat and rabbit, and at C; for chicken and pig. The activity
decreased almost symmetrically at chain lengths below and above those
corresponding to the maximum activity. For the ox, the activity pattern
was flattened and the maximum was less pronounced than in other
species.

Rat (9)

N [ A ©o
> S o o
gyt

-~
o C

Chicken (5)

-nitrophenol /min. /mg. protein)

|
1l
1

6} 0

| T

e |

I" !

"l AT
LilnE

2345678 10 12 2345678 0
Carbon atoms n acyl group (no.)

1 . .%
2345678 0 1”2

Fig. 1. Activity of crude mucosal extracts of the small intestine towards a

homologous series of n-fatty acyl esters of p-nitrophenol. The mean and limit

values are given, the number of determinations being indicated in parentheses.
The conditions of assay as described in the text.

The activity per milligram protein was the highest in the rabbit and
rat, lower by two thirds in man, and still lower, of the order of one
tenth of that of the rabbit, in the chicken, pig and ox.

The hydrolysis of p-nitrophenyl esters was inhibited by low con-
centrations of DFP in all species studied (Table 1). The inhibition was
always the greatest for the esters grouped around the activity maximum
but definitely lower for esters less susceptible to enzymic hydrolysis.
Also in this respect there were noticeable differences between the
animals studied. Thus the inhibition of acetate hydrolysis was smaller
for the pig and chicken than for other animals, whereas for dodecanoate
the inhibition was the least pronounced in the case of ox intestine.

Higher inhibition observed in the rabbit and rat may be related to
the higher activity characteristic for these species and thus smaller
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Table 1

Effect of diisopropylfluorophosphate on the esterolytic activity of crude
extracts of intestinal mucosa

The samples of mucosal extracts were preincubated with 0.066 m-phosphate buffer,

pH 7.0, and DFP for 20 min. at 25°. The concentration of DFP in the incubation

miixture was 6 uM. All values are the means of two series of experiments differing
by 1-4%. The conditions of assay as described in the text.

Rabbit | Rat Man | Pig | Ox | Chicken
Substrate e
Inhibition (%)

p-Nitrophenyl acetate 89 93 80 55 85 42
p-Nitrophenyl propionate 94 98 94 62 90 70
p-Nitrophenyl butyrate 95 99 98 84 90 89
p-Nitrophenyl valerate 96 98 97 81 90 91
p-Nitrophenyl hexanoate 98 99 98 78 87 89
p-Nitrophenyl heptanoate 96 99 91 83 79 88
p-Nitrophenyl octanoate 97 99 88 81 85 86
p-Nitrophenyl decanoate 96 93 62 55 66 69
p-Nitrophenyl dodecanoate 91 72 33 25 9 29
Protein in mucosal extract

(pg./ml.) 21 23 42 350 136 132

amounts of protein used for incubation in the inhibition experiments. In
the remaining species, the activity of the mucosal extract was low and
therefore the amounts of protein used for experiments were several
times higher. The excess of inactive protein could react with DFP
causing in this way a decrease in the effective concentration of the
inhibitor.

DISCUSSION

The observed differences in the activity patterns and the degree of
inhibition by DFP, seem to indicate that more than one enzyme is
involved in the esterolytic activity of intestinal mucosa. If one enzyme
would catalyse the hydrolysis of several substrates then the inhibitor
should affect the hydrolysis of all these substrates to the same degree.

As the activity towards the most actively hydrolysed substrates was
almost completely inhibited, it seems that in all species studied the
organophosphate-sensitive esterase of B-type is predominating. If we
assume that only one esterase of B-type is present then it would appear
that this enzyme exhibits species-dependent differences with respect to
the activity centre, as shown by variations in the activity pattern. These
differences, however, may be interpreted also as the presence, in
varying amounts, of two or three DFP-sensitive esterases differing with
respect to the most actively hydrolysed substrate. -
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It has also been observed that hydrolysis of some substrates, i.e.
acetate, dodecanoate and decancate, was inhibited by DFP to a much
smaller degree. This may suggest the presence of small amounts of
organophosphate-resistant esterases, responsible for the part of total
hydrolysis of these esters not inhibited by DFP. Probably distinct
enzymes hydrolyse esters of long and short chain acids. The enzyme
resembling serum A-esterase [1] may be responsible for DFP-resistant
hydrolysis of acetate observed in pig and chicken. The presence of
a lipase-like enzyme may account for the resistant part of decanoate
and dodecanoate hydrolysis. This enzyme seems to be present in most
of the species studied, with the exception of rabbit. The occurrence of
lipase in intestinal mucosa has been reported by DiNella et al. [3] but
the activity of this enzyme toward p-nitrophenyl esters used in the
present experiments, has not been tested. It is known that pancreatic
lipase does not hydrolyse aromatic esters [5], on the other hand gastric
lipase showed considerable activity toward p-nitrophenyl esters [10].

On the basis of the obtained results it seems possible to suggest the
complex character of esterolytic activity in intestinal mucosa, but more
detailed studies are necessary to elucidate this problem.

SUMMARY

Extracts of small-intestine mucosa of six animal species were tested
for the ability to hydrolyse p-nitrophenyl esters containing 2 to 12
carbon atoms in fatty acyl chain. The activity per mg. protein was the
highest in the rabbit and rat, lower in man, and the lowest in the pig,
chicken and ox. The maximum of activity was observed for the C;, Cg or
C; ester. It is suggested that the differences observed in the inhibitory
effect of diisopropylfluorophosphate may be interpreted as indicating
the occurrence of several esterases in the intestinal mucosa.
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HYDROLIZA ESTROW p-NITROFENOLU Z KWASAMI TEUSZCZOWYMI
PRZEZ HOMOGENATY BEONY SLUZOWEJ JELITA CIENKIEGO
ROZNYCH GATUNKOW ZWIERZAT

Streszczemie

Badano aktywnoS$¢ ekstraktow blony $luzowej jelita cienkiego sze§ciu gatun-
kéw zwierzat w stosunku do estréw p-nitrofenolu z kwasami tluszczowymi zawie-
rajagcymi od 2 do 12 atoméw wegla w lancuchu. Najwyzsza aktywno$é na mg.
biatka stwierdzono u krélika i szczura, nizszg u czlowieka, najnizszg u $wini,
kurczecia i wolu. Maksimum aktywnoSci obserwowano dla estréow C; C; i Cj.
Na podstawie tych wynikéw oraz zauwazonych réznic w dzialaniu hamujacym
dwuizopropylofluorofosforanu przedyskutowano mozliwo§¢é wystepowania kilku
esteraz w blonie §luzowej jelita.

Received 28 January 1965.

http://rcin.org.pl



ACTA B INO/CFH T M. I C: A P OCLOEN "EICLA

Vol. XII 1965 No. 3

M. BAGDASARIAN

LOW-MOLECULAR WEIGHT PEPTIDES
SYNTHESIZED IN RIBOSOMAL PREPARATIONS
AS POSSIBLE PRECURSORS OF PROTEINS*
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A generally accepted theory of protein biosynthesis postulates the
stepwise growing of the polypeptide chain beginning from one of its
ends [4, 2, 1]. Therefore it is logical to suppose that at any given time
the ribosomal template contains peptides of different length which are
the precursors of proteins synthesized in the system.

It is well known that bound amino acids, presumably peptide or
nucleotide-peptide in character, are present in micro-organisms [5] and
in mammalian tissues [10]. Our earlier observations [9] showed that
[*“Clamino acids are rapidly incorporated into these compcunds in a
cell-free system derived from guinea pig liver. In order to establish the
relation of these compounds to the newly synthesized proteins, in the
present study the specific activities of labelled amino acids were
compared in low-molecular weight peptides, total trichloroacetic acid
(TCA) insoluble protein, and in the pool of free amino acids isolated
from incubation mixtures after incorporation experiments.

A preliminary account of this work has been presented at the VIth
International Congress of Biochemistry (New York, 1964, I-7).

EXPERIMENTAL

pL-[1-1%4C]Glutamic acid (5 mc per m-mole) was purchased from
Amersham Radiochemical Centre; L-[!%Clalanine uniformly labelled
(123 mc per m-mole) was a product of Phylips-Duphar, Holland.

Ribosomes were prepared from guinea pig livers by the method of
Lingrel & Webster [7]. Microsomes were obtained by differential centri-

* This work was supported in part by a grant from the Committee of Bio-
chemistry and Biophysics of the Polish Academy of Sciences.
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fugation of 10°% homogenates of liver in Lingrel & Webster’s Medium
A between 10 000 and 95 000 g.

Sephadex-treated supernatant was prepared by passing the 95000 g
supernatant through a 20 X 2 cm. column packed with Sephadex G-25
and equilibrated with 0.05 m-tris buffer, pH 7.8; the protein fraction
was collected and used as soon as possible.

Hydrolysis of proteins and peptides was carried out in 6 N-HCl at
105° in sealed glass tubes for 18 hr. Alanine was isolated as its 2,4-di-
nitrophenyl (DNP) derivative by column chromatography. Partition
chromatography on Hyflo Super-Cel with the upper phase of a mixture
of ethyl acetate and tris-NaCl buffer at pH 8.4 was employed as de-
scribed by Matheson [8]. For the isolation of DNP-glutamic acid a minor
modification of this method was mecessary: a column half the size of
Matheson’s “standard column’ was used, and after the alanine band had
emerged the eluent was changed; it consisted of the “pH 8.4 top phase”
equilibrated with the “bottom phase” adjusted previously to pH 4.9
with strong acetic acid. The amount of DNP-amino acids was estimated
spectrophotometrically and prepared for counting essentially as described
by Matheson except that the final dry preparation was dissolved in
toluene and counted in a liquid scintillation counter instead of plating
and counting in end-window counter.

Paper electrophoresis was run on Whatman 3MM paper at 40 V/em.
in 1.3% formic acid - 3.9% acetic acid at pH 1.9 [3] for 180 min. and
in 0.05 M-ammonium acetate, pH 4.7, for 300 min. in an apparatus ccoled
with tap water.

Incubation conditions. The incubation mixture contained: 0.4 »-KClI,
0.018 a-MgCl,, a mixture of 20 amino acids (in this 1.0 uc per ml. of
either [1-%C]Glu or [!C]Ala) 0.1 mm each, 9 mM-ATP, 0.4 mmM-GTP,
0.05 m-phosphoenolpyruvate, phosphoenolpyruvate kinase 0.3 mg. per ml.,
0.01 Mm-GSH, 0.05'm-tris-HCl buffer, pH 7.8, ribosomes or microsomes
4.0 mg. of protein per ml, and Sephadex-treated supernatant 3.0 mg.
of protein per ml. The incubation was carried out for 15 min. at 37°.

Isolation and analysis of peptides and proteins. At the end of the
incubation trichloroacetic acid was added to the final concentration of
5%o; the precipitate was washed four times with TCA, once with acetone,
once with ethanol-chloroform (1:3, v/v) and with ether; it was called
protein fraction.

TCA extracts were pooled, extracted four times with ether, and the
aqueous phase concentrated by freeze-drying. It was then subjected to
paper electrophoresis at pH 1.9. On radiography three radioactive
fractions appeared beside the free amino acid. They were termed E,,
E;;, and Ej;;. The results of this fractionation are shown in Fig. 1.

Labelled fractions that migrated behind the free amino acids were
http://rcin.org.pl
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Fig. 1. Electrophoretic pattern at pH 1.9 Fig. 2, Electrophoretic behaviour at
of labelled fractions isolated from the pH 4.7 of fraction E; eluted from the
incubation mixture of liver microsomal electrophoretogram presented in Fig. 1.
systems with [%C]glutamic acid. Auto- Autoradiography. Glu, the position of
radiography. free glutamic acid run in the same

conditions.

ninhydrin-positive, absorbed ultraviolet light and on hydrolysis gave
several amino acids. Fraction E; could be further separated if subjected
to electrophoresis at pH 4.7 giving two fractions (Fig. 2) one of which,
fraction Ey, did not contain any ultraviolet-absorbing material but
contained bound amino acids probably in the form of peptides.

Radioactive spots were eluted from the paper, subjected to complete
hydrolysis and the specific activity of the amino acid incorporated into
them determined as described under Methods. The spot containing free
radioactive amino acid was also eluted and its specific activity determin-
ed. The washed TCA-insoluble residue was hydrolysed and the specific
activity of the labelled amino acid determined in the hydrolysate. The
results of typical experiments are presented in Tables 1 and 2. It is
evident from these data that the specific activity of amino acids incor-
porated into fractions of low-molecular weight peptides is of the same
order as the specific activity in the pool of free amino acids and is about
a thousand times greater than in protein. This indicates that compounds
of this type are not break-down products of finished polypeptides but
probably the precursors of some bigger molecules.

Table 1

Specific activity of glutamic acid in protein and peptides
after the incubation of microsomes

Fraction l Counts/min./mg. Glux 10~5
Protein 0.0035
Free glutamic acid 8.7
Er 52
En 3.1
Emr 7.2
Ery 34
Ey 8.1
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In order to ascertain that our fractions do mot represent amino acids
attached to AMP or fragments of sSRNA which are known to participate
in protein biosynthesis [6] radioactive amino acids were isolated as
DNP-derivatives and counted before and after hydrolysis of the fractions.
The acyl bonds of AMP-amino acid and sRNA-amino acid are known to
be very unstable in alkali [6] and should therefore get broken under
the conditions used for dinitrophenylation. The results of this experiment
(Table 3) show that although the fractions contained a small amount of
amino acids bound by alkali-labile bonds, complete acid hydrolysis libe-
rated four to eight times more radioactive amino acids suggesting thus
that they are bound by peptide bonds.

Table 2

Specific activity of alanine in protein and peptides
after the incubation of microsomes and ribosomes

Fraction | Counts/min./mg. Alax 1075
Protein, after incubation of ribosomes I 0.17
Free alanine, after incubation of microsomes 602
Free alanine, after incubation of ribosomes 578
Ej, after incubation of microsomes 204
E;, after incubation of ribosomes 356

Table 3

Total activity of DNP-amino acids in peptide fractions
before and after complete acid hydrolysis

DNP-Glu DNP-Ala
(counts/min./mg. % 10-5) (counts/min./mg. % 10-5)
Fracti
hicE before after before after
hydrolysis hydrolysis hydrolysis hydrolysis
E;y, after incubation of microsomes 2.6 16.2 40.5 116.3
Ey, after incubation of microsomes 32.2 124.0 — —
Ej, after incubation of ribosomes — —_ 13.2 110.0

It is known that reticulocyte ribosomes treated with puromycin [2]
or NHyOH [1] release polypeptides which are considered to be later
intermediates in haemoglobin synthesis. However, the approximate
determinations of molecular weight performed on the extracts used in
the present study by gel-filtration on Sephadex G-25 showed that radio-
active peptides were distributed in the fractions the molecular weight
of which was in the range of 4 to 6 thousands. This indicates that the
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[5] PEPTIDES AS PRECURSORS OF PROTEINS 269

compounds studied in this investigation are probably much earlier inter-
mediates than those isolated by Allen & Zamecnick from reticulocyte
ribosomes [2, 1]. '

SUMMARY

Bound amino acids, probably peptides or nucleotide-peptides, were
isolated from the incubation mixtures used for studying the incorpora-
tion of amino acids in wvitro. The specific activity of the radioactive
amino acid incorporated under these conditions into low-molecular
weight peptides was of the same order as that of the free amino acid;
it was about a thousand times greater than in the fraction of total
ribosomal or microsomal protein which suggests that these peptides
are not break-down preducts of completed proteins but probably the
precursors of some bigger molecules. These fractions do not represent
amino acids bound to AMP or sRNA since very little radioactivity is
released from them on direct dinitrophenylation.
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DROBNOCZASTECZKOWE PEPTYDY POWSTAJACE W PREPARATACH
RYBOSOMALNYCH JAKO PRZYPUSZCZALNE PREKURSORY BIALEK

Streszczenie

Z mieszanin inkubacyjnych uzywanych do badania wlgczania aminokwaséw do
biatek in wvitro wydzielono zwigzane aminokwasy, prawdopodobnie peptydy lub
nukleotydo-peptydy. Aktywno$é wilasciwa radioaktywnych aminokwaséw wbudo-
wanych do frakcji drobnoczasteczkowych peptydéow byla tego samego rzedu co
aktywno$¢ wolnych aminokwaséw dodanych do mieszaniny inkubacyjnej; aktyw-
no§¢ ta przewyzszala wlasciwg aktywno$§é aminokwasu wbudowanego w biatka
rybosoméw lub mikrosoméw okolo tysigec razy, co wskazuje, iz badane peptydy
nie stanowig produktéw degradacji gotowych bialek, lecz raczej sg prekursorami
polipeptydéw. Badane frakcje nie sa aminokwasami zwigzanymi z AMP lub sRNA,
poniewaz bardzo niewiele radioaktywmo$ci uwalnia sie z nich przy bezposSrednim
dwunitrofenylowaniu.

Received 15 February 1965.
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ZOFIA LASSOTA

URIC ACID IN NORMAL AND y-IRRADIATED EGGS OF
BOMBYX MORI

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

Wharton & Wharton [16] have reported that in the irradiated adults
of Periplaneta americana L. the disturbances in nitrogen metabolism
occurred and the amount of excreted uric acid increased. It is generally
accepted that uric acid is the main endproduct of mitrogen metabolism
in insects and its presence in blood and excreta is well known. The
informations about uric acid in the eggs of insects are scarce, it was
found, however, to be present in the eggs of two species (Oncopeltus
fasciatus Dallas and Lucilla sericata M.G.) and in both it was reported
to accumulate during embryogenesis [2, 11].

Our aim was to investigate whether the radiation damage of embryo-
nal metabolism of an insect would result in increase in uric acid content
of the egg. Since we are interested in the effects of radiation especially
when applied at diapause, we have studied the eggs of a monovoltine
race of Bombyx mori. .

MATERIALS AND METHODS

Material. The diapausing eggs of Bombyx mori, “warska’” race, were
purchased from an industrial culture. The eggs collected during the last
days of September were stored for the first 120 days at 15° and then for
about 100 days at 4°. The postdiapausal development was promoted by
raising gradually the storage temperature to, and maintaining it at, 25°.

The samples to be irradiated were taken out from the whole batch
in December. A single dose of 20000 r of y-rays was delivered from
a 6Co source (about 48 c), the dose rate being about 200 r/min., and
thereafter both the normal and the irradiated eggs were treated in the
same manner. It has been shown previously [12] that doses higher than
10 000 r when applied at diapause result in damaging the embryogenesis.

Aralytical methods. Uric acid was identified spectrophotometrically
after the separation on Dowex 1 X 8 column as described for nucleotides
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[8] and chromatographically on Whatman mo. 3 paper after Leone &
Guerritore [13] using N-26-trichlorbenzoquinoneimine [7] for locating
spots. The presence of uric acid riboside was checked as described by
Heller & Jezewska [10].

Quantitatively uric acid was determined by the colorimetric method
of Caraway [3]. The specificity of the colour test was checked each time
by the decomposition of uric acid with uricase prepared after Leone
[14]. No chromegen detectable by this method was left after the incuba-
tion of samples with uricase.

The total nitrogen was determined by the Kjeldahl method.

Egg extracts. Usually 100 mg. of whole eggs were homogenized at
room temperature with three 2 ml. portions of 0.5N-HCIO,. After
centrifugation at about 1000 g the supernatant was neutralized with
KOH, the resulting precipitate was spun off and the volume of the
supernatant was completed to 8 ml. with water. Uric acid was deter-
mined in the samples of extracts.

The efficiency of uric acid extraction with HC1O; has been checked
by comparison with the results obtained in the extracts prepared with
0.2 M-borate buffer, pH 10, at 100° or with saturated LiHCOj; solution
at room temperature. Three 4 ml. portions of either solution were used
to extract 100 mg. of eggs. The alkaline extracts were neutralized,
completed to 15 ml. with water and deproteinized after Sevag et al.
[15]. No differences in uric acid content of the eggs, depending upon the
method of extraction were stated.

For the separation on Dowex column the portions of HCIO, extracts
equivalent to about 1 g. of eggs, neutralized and centrifuged were
freeze-dried, dissolved in water and the soluble material was applied
on the column.

RESULTS

Identification of uric acid. The presence of uric acid in the eggs of
Bombyx mori was tested by spectrophotometry and chromatography.
When the crude extract, prepared with HCIO,;, has been adsorbed on
Dowex 1 X 8 (HCOO~ form) and the column was eluted with HCOOH
gradient (0-0.5 N) the first UV-absorbing fraction gave the absorption
spectrum shown in Fig. 1. The minimum at 255 mu and the maximum
at 285 mun as well as the ratio Egg)/Egg amounting to 2.7 indicated the
presence of uric acid.

When tested by paper chromatography, the HCIO; extracts from the
eggs gave a distinct, UV-absorbing spot, staining orange on spraying,
identical with the spot of uric acid assayed simultaneously (R 0.40).

The presence of uric acid riboside was checked in the diapausing
eggs because this compound has been found in Sphinx pinastri and in
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[3] URIC ACID IN EGGS OF B. MORI 273

Celerio euphorbiae during the pupal diapause [10]. However, neither
in the HCIO; extracts nor in the extracts prepared as described by
Heller & Jezewska [10] the characteristic spot of uric acid riboside
was found.

Uric acid content of the eggs. The data reported in this paper re-
present the results of experiments continued during three comsecutive
years. The eggs were investigated during the period of the arrest of
embryogenesis (October - April) as well as during the active postdia-
pausal development (May). However, also during the period of arrested
embryogenesis some changes in the eggs do occur and therefore it
appeared mnecessary to subdivide the whole period of developmental
arrest. The period including December and January was named: deep
diapause after Chino [4] who stated that glycogen content of the eggs of
Bombyx mori falls at the beginning and raises towards the end of

14 |-

10—

06—

Fig. 1. Spectrophotometric identifica-
tion of wric acid in the eggs of 02—
Bombyx mori. The absorption spec-

trum of the fraction separated by L L L L
240 260 280 300
column chromatography on Dowex Wavelength (my)
1X8 is given. s

diapause and is at a minimum between the 60th and the 120th day of
storage at room temperature. The whole period from October to March
was named after Harvey [9] obligatory diapause. The obligatory diapause
included 3 months of storage at 15° and two months of storage at 4°
since according to Chino [5] the ability for postdiapausal embryogenesis
in the eggs of Bombyx mori appears after about 60 days of storage at
low temperature. In April the eggs were ready to, but did not, develop
because kept below the temperature threshold for embryogenesis.
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Table 1 shows the results obtained with the normal as well as with
the irradiated eggs. The statistical amalysis of data proved that no
significant differences existed between the normal and the irradiated
eggs till the end of incubation at 25°, resulting in hatching of larvae
from normal eggs.

The uric acid content of the normal eggs did mot change as long as
the obligatory diapause persisted. The increase in uric acid was observed
in April, however on incubation at temperatures above the threshold
for embryogenesis the uric acid content decreased again. The observed
differences were found to be statistically significant.

Table 1

Diapausal and postdiapausal uric acid content of normal and
y-irradiated eggs of Bombyx mori

Uric acid was determined by the colorimetric method of Caraway [3] in

0.5 N-HC1O; extracts from the eggs, prepared as described in the text. Eggs were

irradiated with a single dose of 20000 r at the beginning of deep diapause. Mean
values * S. D. are given, and in parentheses the number of experiments.

Stor. Uric acid
Period orage (mg./g. of eggs)
temp.
normal eggs . irradiated eggs

Obligatory diapause

October - November 15° 3.23 + 0.406 (8)

significance of difference from value
for April

P=01Y%

December - January (deep diapause) 15° 3.27 + 0.545 (9) 3.05 + 0.187 (5)
February - March 4° 3.69 + 0.381 (11) 4.20 + 0.454 (4)
Average value for obligatory diapause 3.42 + 0.492 (28) | 3.52 + 0.676 (9)
Postdiapausal storage
April 4° 4.64 + 0.514 (6) 5.08 + 0.141 (3)
significance of difference from ave-
rage value for obligatory diapause P.=0.1% P=01%
May (embryogenesis in normal eggs) 259 3.85 + 0.293 (14) 3.85 + 0.313 (12)

P=0.1%

The assays of uric acid content of the irradiated eggs were extended
beyond the incubation period needed for normal embryogenesis. The
storage at 25° was prolonged by one week and thereafter the eggs were
transferred to, and stored at, 4° for 60 days. The results (Table 2)
proved that the uric acid content of the irradiated eggs increased during
the prolonged incubation at 25°. This increase continued during the fol-
lowing storage at 4° so that the uric acid content of these eggs doubled,
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as compared with the value characteristic for the obligatory diapause.
To check whether the increase observed in irradiated eggs was cha-
racteristic for the radiation damage, assays were performed on the dia-
pausing eggs which had completely lost their hatchability in consequence
of 10 month-long storage at 4°. Uric acid did not accumulate in these
“age-dead” eggs as long as they were stored at 4°. When, however,
the “age-dead” eggs were incubated at 25° as for normal embryogenesis
and then stored again at 4°, the uric acid increased as in the similarly
treated irradiated eggs.

Table 2

The increase in uric acid content of irradiated and “age-dead”
eggs of Bombyx mori, after their postdiapausal incubation at 25°

Uric acid was estimated as described in Table 1. Mean values *=S.D. are given,
and in parentheses the number of experiments.

Uric acid

Material Treatment (mg./g. of eggs)

Irradiated eggs incubated for 10

days at 25° None 3.85 + 0.313 (12)
One week at 25° 4.65 + 0.160 (6)
One week at 25° followed by
60 days at 4° 6.42 + 0.743 (18)
Non-irradiated eggs stored for 10
months at 4° (“age-dead”) None 3.61 + 0.580 (6)
Two weeks at 25° followed by
60 days at 4° 624 + 1.71 @)
Table 3

The total and acid-soluble nitrogen of the eggs of Bombyx mori

The Kjeldahl method was used. Mean values = S. D. are given, and in parentheses
the number of experiments.

Nitrogen
Material (mg./g. of eggs)
Whole eggs 0.5 N-HCIO4 extracts
Diapausing eggs 40.5 + 344 (5 5.15 + 0.613 (10)
Normal eggs during embryogenesis 42.6 + 3.96 (5 4.94 + 0.706 (9)
Irradiated eggs during postdiapausal
incubation at 25° 40.0 + 0.410 (3) 5.05 + 0.350 (8)
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The total N content of the eggs and of the extracts. In order to
ascertain that in our experiments we are dealing with a closed system
as far as mitrogen is concerned, the total N of the whole eggs and of
HCIO,; extracts was examined. The results (Table 3) indicate that the
acid-soluble N and the total N calculated per gram of eggs were reason-
ably constant during the diapause as well as during the postdiapausal
development. The applied method of extraction removed about 12%e of
total nitrogen and the uric acid N accounted for about 20% of the acid-
-soluble nitrogen.

The weight of the eggs. Since uric acid was estimated per weight
unit of the eggs, the changes in their weight would influence the inter-
pretation of results. The average weight of the eggs was reasonably
constant during the diapause and normal storage at 4°. The values of
75.9 * 0.886 mg. and of 77.3 * 2.04 mg. were found for 100 normal and
irradiated eggs, resp., the difference between the normal and irradiated
eggs being statistically not significant. During the postdiapausal embryo-
genesis the weight of the normal as well as of the irradiated eggs
decreased by about 5%.

DISCUSSION

The applied dose of 20 000 r of y-rays damaged the embryogenesis
in B. mori so that the hatching of larvae was completely inhibited
However, neither at diapause nor during the subsequent incubation.
required for mormal embryogenesis, was the radiation injury reflected
in the uric acid content of the eggs. Moreover, the increase in uric acid
found in irradiated eggs on prolonged incubation at 25° and following
storage at 4° was shown not to be a characteristic effect of radiation
damage since similarly treated “age-dead” eggs showed the same
increase. This increase seems to be the result of degradation processes
occurring in the dead eggs, irrespective of the cause of death. The for-
mation of uric acid was not inhibited in the irradiated eggs as indicated
by the temporary increase observed in April. Since Brown [2] found
the activity of uricase in the eggs of Lucilla sericata M.G. and Ashbel
[1] reported that in the diapausing eggs of B. mori as much as 0.46
g./kg./hr. of gaseous ammonia was released, the possibility of conco-
mitant degradation by this way of the eventually arising uric acid had
to be considered. However, the observed stability of total N content
of the eggs at diapause as well as during the postdiapausal incubation
invalidate this supposition. Thus the effect of radiation observed in
adult insects by Wharton & Wharton [16] was not revealed at the egg
stage.

During the obligatory diapause the uric acid content remained con-
stant and did mot parallel the periodicity observed in carbohydrate
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metabolism by Chino [4, 5]. The increase amounting to 40% of diapausal
value could be observed only when the eggs became ready for further
development but did mot develop because of storage temperature below
the threshold for embryogenesis. This increase can be interpreted as
a result of deamination processes involving purines, known to occur in
insects [6]. The mechanism of subsequent decrease in uric acid remains
unexplained. The accumulation of uric acid during the embryogenesis
reported to occur in eggs of Oncopeltus fasciatus Dallas [11] and of
Lucilla sericata M. G. [2] was not stated in the eggs of Bombyx mori.

Since the temporary increase in uric acid observed in April was
a result of the artificial arrest of embryogenesis it can be stated that
the uric acid content of the eggs of Bombyx mori remains constant
during the normal diapause and development. The role of uric acid as
the endproduct of embryonal metabolism seems questionable.

SUMMARY

Uric acid content of B. mori eggs, amounting to 3.5 mg./g. of whole
eggs remained constant during the diapause as well as during post-
diapausal embryogenesis. The irradiation at diapause with 20 kr of
y-rays, which inhibited the hatching of larvae, did not influence the uric
acid content. Uric acid accumulated in the dead eggs, regardless of the
cause of death, only after 10 days of postdiapausal incubation at 25°.

REFERENCES

[1] Ashbel R. - Boll. Soc. Ital. Biol. Sper. 4, 1, 1929.

[2) Brown A. W. A. - Biochem. J. 32, 895, 1938.

[3] Caraway W. T. - Amer. J. Clin. Path. 5, 840, 1955.

[4] Chino H. - J. Insect Physiol. 6, 231, 1961,

[6] Chino H. - Arch. Biochem. Biophys. 102, 400, 1963.

[6] Florkin M. & Duchateau Gh. - Arch. Intern. Physiol. 53, 267, 1943.

[7] Forrest H. S., Haftield D. & Lagowski J. M. - J. Amer. Chem. Soc. 3, 963,
1961.

[8] Harth S. & Mandel P. - Bull. Soc. Chim. Biol. 43, 969, 1961.

[9] Harvey W. R. - Ann. Rev. Entomol. 7, 57, 1961.

[10] Heller J. & Jezewska M. M. - Acta Biochim. Polon. 7, 469, 1960.

[11] Hudson B. W., Bortel A. H. & Craig R. - J. Insect Physiol. 3, 63, 1959.

[12] Lassota Z. - Acta Biochim. Polon. 10, 379, 1963.

[13] Leone E. & Guerritore B. - Boll. Soc. Ital. Biol. Sper. 26, 609, 1950.

[14] Leone E. - Biochem. J. 54, 393, 1953.

[15] Sevag M. G., Lackman D. B. & Smolens J. - J. Biol. Chem. 124, 425, 1938.

i16] Wharton D. R. A. & Wharton M. L. - Radiat. Res. 14, 423, 1961.

http://rcin.org.pl



278 Z. LASSOTA (8]

KWAS MOCZOWY W JAJACH BOMBYX MORI NORMALNYCH
I NASWIETLANYCH PROMIENIAMI GAMMA

Streszczenie

Zawarto$é kwasu moczowego w jajach Bombyx mori wynosi okolo 3,5 mg/g
calych jaj i nie ulega zmianom w czasie diapauzy ani podiapauzalnego okresu
embriogenezy. Naswietlanie jaj w okresie diapauzy 20 kr promieni gamma, hamu-
jace wyleg gasienic, nie wplywa na poziom kwasu moczowego w jajach. Kwas
moczowy nagromadza sie¢ w martwych jajach, je§li w okresie podiapauzalnym
inkubuje sie je w 25° Nagromadzanie sie kwasu moczowego w martwych
jajach nastepuje niezaleznie od przyczyny ich $mierci.

Received 1 March 1965,
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RECENZJE KSIAZEK

R. A. Peters, BIOCHEMICAL LESIONS AND LETHAL SYNTHESIS. Pergamon
Press, Oxford-London-New York-Paris 1963; str. X + 321; cena 70 s.

Autor jest znanym biochemikiem, wieloletnim uczniem i asystentem F. G.
Hopkinsa w Cambridge. W pracowni Hopkinsa Peters zaczal interesowaé sie za-
gadnieniami Zywienia, a w szczegblnoSci rolg tiaminy. W roku 1922, w wieku
lat 33, powolany zostal ma kierownika Katedry Biochemii w Oksfordzie i przez
31 lat kierowal ta placéwkay.

Recenzowana ksigzka jest zbiorem kroétkich esejow i wykladéw wyglaszanych
przez Autora, zebranych obecnie i uzupelnionych ostatnimi osiggnieciami w oma-
wianych dziedzinach.

We wstepie Autor definiuje termin ‘“biochemical lesion” jako pewne mieko-
rzystne biochemiczne zmiany w komoérkach tkanek, zmiany niedostrzegalne
w §wietle mikroskopu. Termin ten zostal wprowadzony przez Petersa w roku 1931,
W czasie jego prac nad biochemicznymi zaburzeniami w organizmie zwierzecia
wywolanymi niedoborem tiaminy w pozywieniu. W tym czasie w $wiecie nauko-
wym krystalizowal sie poglad, ze przyczyn wielu patologicznych zmian w tkankach
nalezy szukaé w zaburzeniach biochemicznych. Analiza chemiczna pozwala czesto
na wykrywanie zaklécen, np. w procesach enzymatycznych, zanim jeszeze uwidocz-
nig sie zmiany histologiczne. W powigzanych reakcjach biochemicznych wystarczy
czasami uszkodzenie jednego z ogniw lancucha przemian, aby nagromadzajgce sie
produkty reakcji spowodowaly uszkodzenie tkanek, a mnawet $mieré organizmu.
Tak na przyklad trujace dzialamie cyjanku polega na zablokowaniu jednego ogni-
wa w lancuchu oddechowym, co prowadzi do zahamowania transportu elektronéw.

Biochemiczne podejScie do patologii jest, zdaniem Autora, szczegb6lnie istotne
w diagnostyce lekarskiej. Pozwala ono mniejednokrotnie na ustalenie przyczyny
choroby zanim powstale zmiany stang sie mieodwracalne. OczywiScie przyczyng
choroby nie koniecznie muszg byé zaburzenia w ukladach enzymatycznych, naj-
czeSciej jednak tu nalezy szukaé zakl6écen.

W pierwszej cze$ci ksigzki Peters szeroko opisuje swoje dawne badania nad
zaburzeniami biochemicznymi wywolanymi niedoborem tiaminy, badZz jej koenzy-
mu, pirofosforanu tiaminy. Stwierdzono woéwczas, ze zaburzenia polegaja na
zahamowaniu procesu utleniania kwasu pirogronowego. W moézgu golebia z typo-
wymi objawami awitaminozy nie stwierdzono pod mikroskopem zadnych zmian
histologicznych, co wskazywalo, ze pierwotnym zaburzeniem sg zmiany bioche-
miczne. Podanie ptakom w odpowiednim czasie witaminy powodowalo znikanie
objawéw chorobowych.

W nastepnych rozdziatach ksigzki Peters opisuje dalsze badania nad uszkodze-
niami biochemicznymi wywolanymi substancjami blokujacymi enzymy badZz uklady
enzymatyczne. Przykladem s jego badania nad trujgcym dzialaniem zwigzkéw
arsenowych np. luizytu, ktéry, jak stwierdzil, réwniez hamuje przemiane¢ kwasu
pirogronowego. Luizyt blokuje tiolowe grupy kwasu liponowego, akceptora ace-
tylowej reszty pirogronianu. Tego rodzaju zablokowania moga zostaé usuniete
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dzialaniem zwigzkéw bogatych w grupy tiolowe, mp. 2,3-dwumerkaptopropanolu
(BAL) lub innych podobnych, podanych w odpowiednim czasie.

W drugiej cze$ci ksigzki Peters omawia nowy, réwniez przez niego zapropono-
wany termin ‘“lethal synthesis” (Smiertelna lub szkodliwa synteza), ktéry zyskat
juz prawo obywatelstwa w anglosaskim piSmiennictwie. Pod tym terminem rozu-
mie¢ nalezy mietoksyczne substancje, ktoérych szkodliwe dziatanie uwidocznia sie
dopiero w trakcie ich dalszego metabolizmu i blokowania lub wigzania enzymu
badZz ukladu enzymatycznego. W przykladzie omawianym przez Petersa figuruje
fluorooctan, substancja nietoksyczna, ktérej szkodliwo$§¢ ujawnia sie dopiero po
polaczeniu sie jej z kwasem cytrynowym. Powstaly kwas fluorocytrynowy blokuje
dzialanie hydro-liazy cytrynianu, zwanej dawniej akonitaza. Odkrycie tego typu
zjawiska rzucilo wiele §wiatla na mechanizm dzialania réznych naturalnych trucizn
oraz otwieralo nowe mozliwo$ci badania posrednich metabolitéw. Tq drogg stwier-
dzono mnp. zaburzenia syntezy skwalenu po podaniu kwasu fluoromewalonowego,
zaburzenia syntezy RNA i zaburzenia w tworzeniu si¢ wiruséw po podaniu 5-fluoro-
uracylu. Ten ostatni zwigzek hamuje réwniez tworzenie tymidylanu i syntezg
DNA. Zamiast kwasu tymidylowego powstaje 5-fluoro-2-dezoksyurydyno-5-mono-
fosforan. Podobnie dzialajg inne analogony, po wbudowaniu ktérych powstajg
posSrednie zwigzki moggce dziala¢ jako antymetabolity. Zdaniem Petersa whbudo-
wywanie analogonéw nie zawsze prowadzi do powstawania szkodliwych zwigz-
kéw, a wbudowywanie ich do lancucha bialkowego nie zawsze prowadzi do uiraty
aktywnos$ci enzymatycznej.

Koncowe rozdzialy, zawierajgce tre§¢ wykladéow wyglaszanych przez Peilersa
w latach 1929—1930, poSwigcone sg Oweczesnym pogladom na role witamin grupy B
w komoérkach. Omawia réwniez Peters zalezno$ci pomiedzy strukturg blon ko-
morkowych a aktywno$ciag komoérki. Jeden z wykladéw, wygloszony w roku 1962,
po$wiecony jest roli blon komérkowych, a zwlaszcza péiplynnych blon wewnitrz-
komérkowych, w kierowaniu procesami biochemicznymi komorki, gléwnie po-
przez kontrole ukladéw enzymatycznych. Przyjecie pogladu o wystgpowaniu tego
typu blon prowadzi z kolei do sugestii, ze dzialanie substancji i czynnikéw wy-
wolujgcych nowotwory lub biochemiczne uszkodzenia polegaé moze na uszkodze-
niu tych blon. To z kolei moze prowadzi¢ do dlugotrwalych zmian w toczacych
sie¢ w komorce procesach biochemicznych.

Bronistaw Filipowic:

F. T. G. Prunty, CHEMISTRY AND TREATMENT OF ADRENOCORTICAL
DISEASES. Charles C. Thomas Publ.,, Springfield (I1l.) 1964; str. 380.

Zrozumienie wielu stanéw chorobowych wymaga znajomos$ci ich patomecha-
nizméw, w ktérych zaburzenia w przemianach ustrojowych odgrywaja niepoSlednig
role. Wymaga to znajomo$ci podstawowych pojeé chemicznych, a w szczegdliych
zespolach patologicznych znajomo$ci biochemii. Dlatego tez w Stanach Zjedncczo-
nych przystapiono do wydawania serii publikacji znanej pod mazwa American
Lectures in Living Chemistry (co mozna w wolnym tlumaczeniu okre§li¢: iywa
biochemia), ktérej wydawca jest znana i zasluzona firma wydawnicza Charles
C. Thomas. Wzajemne powigzanie medycyny z biochemig, jak wyjasnie to
redaktor I. N. Kugelmass, jest tak duze, ze lekarze coraz czeSciej zwracaje sie
ku chemii, a chemicy ku medycynie w celu zrozumienia proceséw lezacych u pod-
staw zycia i choroby. Choroby kory nadnerczy sg wymownym tego przyklaiem,
wysuwajac wiele zagadnien do rozwigzania wspélnie klinicy$cie i chemikowi.
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Znajomo$¢ wiec probleméw chemicznych moze przyczynié sie do powodzenia
w zabiegach terapeutycznych. Ten punkt widzenia okre§la uklad ksigzki, tj. w
pierwszej czeSci zawarto gléwnie zagadnienia zwigzane z biochemia i fizjologig
hormonéw kory nadnerczy, w dalszych omoéwiono patofizjologie oraz metody wy-
krywania zaburzen czynno$ci nadnerczy i to zaréwno chemiczne, jak i biologiczne,
wreszcie przedstawiono klinike chordéb nadnerczy.

Calo§¢ materialu zawarto w XIV rozdzialach, z ktérych niektére nalezy nieco
szerzej omOwié. Rozdziat I, pos§wiecony syntezie sterydéw mnadnerczowych, pod-
kre§la, ze punktem wyjSciowym syntezy hormonéw kory madnerczy sg octan i cho-
lesterol. Najlepiej poznana jest synteza kortyzolu, gdzie gléwny cigg syntezy
biegnie z pregnenolonu poprzez progesteron, 17-hydroksyprogesteron, 11-dezoksy-
kortyzol do kortyzolu, zachowujgc kolejno$¢ hydroksylacji wegli Cy;, Cy i Cy.
Znacznie gorzej jest poznana droga syntezy aldosteronu i sterydéw 19-weglowych.
W zwigzku z procesami syntezy hormonéw nadnerczowych oméwiono pobudzajgcy
wplyw kortykotropiny na kore nadnerczy oraz role ukladéw enzymatycznych
W procesach syntezy.

W rozdziale II szczegbélowo oméwiono mature chemiczng ACTH, znaczenie nie-
ktérych czynniké6w humoralnych i nerwowych w jego wyzwalaniu, oraz metody
oznaczania. Szczegblnie duzo uwagi poS§wiecono mechanizmowi sekrecji aldo-
steronu.

Rozdziat III przedstawia niezmiernie wazne, a rzadko tak dokladnie oma-
wiane, zagadnienie dalszych los6w hormonéw sterydowych w ustroju. Przyjeto
na ogoél, ze zasadniczymi miejscami, w ktérych hormony nadnerczowe podlegaja
dalszym przemianom, sg watroba i merki, chociaz kortozyl moze ulegaé przemianie
w kortyzon poza tymi narzgdami. Badania za$§ iloSciowej konwersji podanych
hormonéw nadnerczowych w odpowiednie metabolity daly podstawy do wyliczen,
na podstawie ktérych mozna dokladnie okre$li¢ ilo§é¢ ich sterydowych prekursoréw.
Wszystkie metabolity nadnerczowych sterydéw sg wydalane do moczu w formie
zestryfikowanej jako glukuronidy i siarczany, w nieznacznej za$§ ilo$ci w polacze-
niu z kwasem fosforowym lub aminokwasami.

W rozdziale IV omoéwiono sprawe dzialania sterydéw mnadnerczowych i ich
wplywu na metabolizm weglowodanowy, biatkowy oraz elektrolitowy ze szcze-
gélnym uwzglednieniem roli nerek w jego mechanizmie. Natomiast zasady, na
ktérych oparto metody oznaczania ilo§ciowego sterydéw i ich metabolitéw przed-
stawiono w rozdziale V, aspekty za$ ilo§ciowe wydzielania, transportu i wydalania
zawarto w nastepnym, VI rozdziale. Pozostalych dziewieé rozdzialéw poSwiecono
zaburzeniom metabolizmu sterydéw pozanadnerczowych, zagadnieniu pobudzenia
i hamowania wydzielania hormonéw nadnerczowych, hypofunkcji nadnerczy po-
chodzenia przysadkowego, chorobie Addisona, chorobie Cushinga, zespolowi aldo-
steronizmu, wirylizmowi i wreszcie guzom nadnerczy.

Wszystkie rozdzialy napisane sa z niezwykla jasno$cig i prostota, dzieki ktérej
bez zbednej symplifikacji zagadnienia mozna je bez zastrzezen zrozumieé. Calo$¢
przedstawia wspoélczesny stan wiedzy z zakresu chemii, kliniki i terapii choréb
kory nadnerczy, co tym bardziej godne jest podkre§lenia, ze Autor oparl sie na
piSmiennictwie do konca 1962 r., a piSmiennictwo jest uwzglednione w bardzo
szerokim zakresie, bo zamknieto je pokazng liczbg 1090 pozycji.

Ksigzka, poza znakomita tre$cia, podang jasno i bezblednie, odznacza sie do-
skonalg formg edytorska. Wydana na bardzo dobrym papierze, ma dobrze zr6z-
nicowang czcionke drukarska, dzieki czemu latwo wychwytuje sie te zagadnienia,
ktére Autor uwaza za wazne. Ponadto korekta jest bezbledna, co jest wyrazem
troskliwo$ci wydawcy. Ksigzke te pragne jak najgorecej polecié wszystkim zain-
teresowanym sprawami endokrynologii nadnerczowej.

Marian Goérski
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E. E. Levitt, H Persky and J. P. Brady, HYPNOTIC INDUCTION OF
ANXIETY: A PSYCHO-ENDOCRINE INVESTIGATION Charles C. Thomas Publ,
Springfield (I1l.) 1964; str. 134; cena $ 6.50.

W ksigzce tej, ktéra powstala w wyniku wspélpracy trzech amerykanskich
Autor6w, psychologa, endokrynologa i psychiatry, przedstawiono wyniki badan
wlasnych nad lekiem. Oryginalna metoda badan polegala na sugerowaniu bada-
nym osobom w hipnozie stanéw lekowych. Badania przeprowadzono na 78 osobach
wybranych spo$réd muczennic szkoly pielegniarskiej i studentéw medycyny. Przed
hipnozg, podczas trwania hipnozy, w czasie zasugerowanego w hipnozie stanu
lekowego oraz po wyjsSciu z hipnozy, wykonywano kilka testéw psychologicznych
zezwalajagcych na okre§lenie stanu lekowego, np. test Rohrschacha, Thematic
Aperception Test (TAT), Manifest Anxiety Scale (MAS), skala oceny klinicznej iin.,
oraz nastepujgce badania endokrynologiczne: oznaczenie hydrokortyzonu w suro-
wicy krwi u wszystkich badanych, oznaczenie ACTH we krwi oraz oznaczenie
w surowicy czynnika utrzymujgcego wage nadnerczy (plasma adrenal weight-
-maintenance factor) u niektérych badanych.

We wstepie Autorzy dokladnie uzasadniajg stosowang przez nich technike
doboru materiatu, zezwalajacg na przyjecie, ze material ten mie réznit sie od ogétu
populacji z badanego $rodowiska. W rozdzialach nastepnych przedstawiono szcze-
gblowo rézne warianty metody badawczej, m.in. wariant polegajacy na podaniu
hydrokortyzonu przed hipnozg. Po przedstawieniu kazdego z wariantéw metodycz-
nych, Autorzy szczegbélowo analizujg wyniki, stosujgc nie tylko metody statystyczne,
ale takze opierajac sie na prawie wyjSciowych warto$ci Wildera (law of initial
values). Ostatnie trzy rozdzialy po$wigcone sg omoéwieniu wynikéw testéw psycho-
logicznych, wynikéw badan endokrynologicznych i perspektywom badawczym ba-
dan nad lekiem.

Najwazniejsze wnioski Autoréw sg nastepujace:

1. Wyniki badan testowych, zwlaszcza miektérymi testami, jak np. test Rohr-
schacha, TAT, skala oceny klinicznej, wskazujg na istnienie wyraZnego stanu
lekowego podczas sugerowania leku w hipnozie.

2. Wyniki badan endokrynologicznych wskazuja przede wszystkim na to, ze
stan leku w hipnozie wywoluje wyrazny wzrost poziomu hydrokortyzonu w suro-
wicy krwi. Wzrost ten jest tym wyrazniejszy, im wyjsciowy poziom hydrokorty-
zonu jest nizszy przed hipnoza. Wysoki wyj§ciowy poziom hydrokortyzonu warun-
kuje dlugotrwaloéé¢ standéw lekowych.

3. Istniejg jeszcze inne korelacje endokrynologiczne ze stanem lgku, wyma-
gaja one jednak dla ostatecznego sformulowania wuzupelnienia obserwacji na
wiekszym materiale.

Dalsze perspektywy badan mad lekiem widzg Autorzy w rozszerzeniu badan
endokrynologicznych i w prowadzeniu analizy zmian wegetatywnych badanych
0s0b.

Ksigzka, obejmujgca 134 strony, posiada zalgczony bardzo bogaty i dobrze
dobrany spis piSmiennictwa (136 pozycji) oraz zalgczone opisy niektérych stoso-
wanych testow psychologicznych.

Jest to praca bedgca bandzo cennym wkladem zaréwno psychologicznym, jak
endokrynologicznym w badaniach mad zmianami stanéw emocjonalnych u ludzi.
Zaproponowana przez Autoréw metoda badan dala mozno§¢ badania zmian stanu
emocjonalnego i wywolujgcych go zmian endokrynologicznych w stanie niejako
,czystym”, | laboratoryjnym”, w ktérym stan leku nie jest zwigzany z innymi
zmianami stanu psychicznego.

Andrzej Jus
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NEW PERSPECTIVES IN BIdIDGY (M. Sela, ed.) Elsevier Publishing Co.,
Amsterdam-London-New York 1964; str. XVIII + 285; cena Dfl. 40.-, sh. 80,
DM 44.50.

Niezwykle bujny rozwdéj biologii molekularnej oraz wspaniale osiggniecia tej
galezi nauki powodujg, ze kazda nowa publikacja z tej dziedziny wzbudza ogrom-
ne zainteresowanie nie tylko w waskim gronie specjalistow lecz wéréd wiekszo$ci
pracownikéw nauk biologicznych. Dlatego tez z uznaniem nalezy powitaé wydanie
referatow wygloszonych na sympozjum zorganizowanym =z okazji inauguracji
Ullmann Institute of Life Sciences w dniach 10-17 czerwca 1963 r. w Rehovoth
w Izraelu. Publikacja ta stanowi 4 tom serii BBA Library.

‘W szeSciu rozdziatach ksigzki zgrupowano 21 referatéw wygloszonych w czasie
sympozjum. Pierwszy rozdzial: Nowe perspektywy w badaniach nad biatkami,
jest podsumowaniem najnowszych osiggnie¢ z dziedziny struktury czasteczki bial-
kowej oraz funkcji bialek na poziomie molekularnym. Rozdzial ten zawiera
6 referatéw: J. T. Edsalla o ostatnich osiggnieciach w badaniach nad trzecio-
i czwartorzedowa budowgq bialek; J. C. Kendrew o budowie mioglobiny oraz hemo-
globiny, omawiajgcy réwniez problemy zastosowania tej samej techniki do bada-
nia budowy innych bialek; H. Neuratha o zalezno§ci funkcji enzyméw proteoli-
tycznych od budowy, poSwiecony giléwnie zmianom konformacji tych biatek przy
aktywacji; Ch. B. Anfinsena o mozliwoéci przewidywania trzeciorzedowej budowy
biatka z jego budowy pierwszorzedowej, rozwazajacy trzeciorzedowg budowe
rybonukleazy, oraz E. Katchalski’ego omawiajacy niezwykle interesujgce wyniki
badan nad syntezg poliaminokwasOw i zastosowaniem ich jako modelowych zwigz-
kéw w badaniach nad mechanizmem dzialania enzymoéw proteolitycznych, jako
inhibitoréw enzymoéw, czynnikéw antywirusowych i antybakteryjnych, a takze
jako modelowych zwigzkéw w immunochemii. Ostatni referat tej sekcji, wyglo-
szony przez T. Lipmanna, omawia mechanizmy Ltiosyntezy bialek, gléwmie etap
polimeryzacji aminokwas6w, zachodzgcej w rybosomach.

Drugi rozdziat ksigzki poswiecony jest budowie i funkecji kwaséw nukleino-
wych. Znalazly sie w nim referaty E. Chargaffa o miektérych aspektach sekwencji
nukleotydéw w DNA i D. Elsona o badaniach mnad enzymami zwigzanymi z rybo-
somami, omo6éwione jest m.in. zagadnienie obecno$ci RNA-azy w czgsteczkach 30 S.
Autor omawia obszernie przypuszczalng role poszczegbélnych komponent rybo-
soméw w syntezie bialek oraz znaczenie, jakie posiada obecno§¢é RNA-azy w tych
czgstkach. Dalsze szczegély o mechanizmie syntezy bialek podane s3 w mnastepnym
artykule zatytulowanym ,,O funkcji rybosoméw”, w kitérym A. Girer omawia ko-
lejno$¢ laczenia sie aminokwaséw oraz role polisoméw w tej syntezie na przykla-
dzie retikulocytéw krolika, majlepiej poznanego ukladu syntezy bialek. Ostatnim
artykulem tej sekcji jest referat S. Ochoa o kodzie genetycznym, w ktérym omoé-
wiono metode badania kodu genetycznego przy uzyciu syntetycznych homo- lub
kopolimeréw nukleotydow.

Trzeci rozdzial zawiera 4 referaty posSwiecone funkcji i organizacji ukladéw
enzymatycznych i struktur podkomérkowych. F. Lynen opisuje w nim koordyna-
cje ciaggébw metabolicznych przez kompleksy wieloenzymowe. H. Theorell przed-
stawia badania nad powstawaniem komplekséw dehydrogenazy alkoholowej z sub-
stratem, koenzymem oraz inhibitorem. H. Wieter omawia tzw. aktywny transport
jonéw przez blony komérkowe oraz role ATP w tym procesie, za§ D. Nachmanson
wywolywane przez acetylocholine zmiany przepuszezalno$ci blon dla jonéw i zna-
czenie tego zjawiska w procesie przewodnictwa impulséw. Rozdzial IV zawiera
tylko jeden artykul! E. Chaina o nowych penicylinach. Rozdziat V po$wiecony jest
immunochemii i zawiera artykuly o konstytucyjnej i immunologicznej swoisto$cl
oraz o syntetycznych polipeptydowych antygenach.
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Ostatni rozdzial: Komoérkowe, podkomérkowe i molekularne aspekty rézni-
cowania, zawiera artykuly omawiajace genetyczne okre$lenie morfogenezy bakte-
riofaga, mechanizmy regulacyjne réznicowania komoérek oraz genetyczne aspekty
powstawania nowotworéw, Sg to problemy, ktére wchodzg dopiero w faze badan
na poziomie molekularnym i na ich przykladzie tym ja$niej widoczne sg ogromne
perspektywy otwierajgce si¢ przed biologig molekularng w tych dziedzinach.

Niektore referaty przedstawiono w spos6b bardzo zwiezly i skondensowany,
jednakze nie tracg one przez to jasnoSci. Zalowaé nalezy jedynie, ze referaty
J. Monod o allosterycznych mechanizmach regulacji przemian oraz P. Doty
o powstawaniu hybrydéw kwaséw nukleinowych, wygloszone w czasie sympozjum,
nie zostaly umieszczone w tym wydawnictwie. Brak ich natychmiast wyczuwa
sie przy czytaniu.

W sumie jednak ksigzka stanowi $§wietny przeglad najbardziej aktualnych
zagadnien biochemii molekularnej. Zawiera ona roéwniez przeszio 700 pozycji pis-
miennictwa obejmujacego ostatnie lata az do roku 1963 wigcznie. Mozna $mialo
powiedzie¢, ze powinna ona znalez¢ si¢ w kazdej bibliotece biochemicznej.

Michal Bagdasarian

I. N. Kugelmass. BIOCHEMICAL DISEASES (Chemical Pediatrics) Charles
C. Thomas Publ, Springield (Ill.) 1964; str. 1229, cena $ 35.50.

We wstepie Autor podkres§la coraz $ciSlejsze powigzanie biochemii z medycyns.
Biochemik zwraca sie do medycyny, a lekarz do biochemii w celu uzyskania lep-
szego zrozumienia podstawowych proceséw zdrowia i choroby. Biochemia prze-
ksztalca empiryczng praktyke w kliniczng wiedze przez wprowadzenie faktéw
dla wyja$nienia wieloznacznych objaw6éw, pomiaréw zamiast szacunkowych ocen
i dowodéw w miejsce wrazen. Przez to uzyskuje sie racjonalne podstawy leczenia.

Autor wysuwa poglad, ze choroba jest rozkojarzeniem biochemicznych pro-
ceséw fizjologicznych. Doskonale odpowiadajg temu ujeciu choroby dziedziczne,
zwlaszcza wszelkie bloki metaboliczne. Ciekawe jest zdanie: ,jwiemy wiecej o cho-
robach, niz je rozumiemy, a zrozumienie wprowadza, przynajmniej w swoim za-
kresie, biochemia”,

Zdumienie wzbudza ujecie prawie calo$ci medycyny pediatrycznej z punktu
widzenia biochemicznego przez jednego Autora w postaci jednego ogromnego tomu.
Od wielu lat panuje stuszna tendencja do zespolowego opracowywania réznorod-
nych dziedzin. Ksigzka ta stanowi wylom w tej zasadzie. To z géry narzuca pewne
konsekwencje, zaréwno dodatnie jak i ujemne: jednolito§¢ ujecia, ale tez miejed-
nolity poziom, gdyz jest rzecza niemozliwg znaé wszystko jednakowo gieboko
i szczegblowo. Integracja w tym kierunku polega na prawidlowej selekcji ma-
terialu informacyjnego, zatrzymywaniu informacji wiodgcych, wigzgcych feno-
menologie kliniczng z zasadami biochemicznymi. Autor potrafil osiggnaé ten cel
i zachowal wlasciwe proporcje miedzy klinikg a biochemis.

Interesujgcy jest ogbélny podziat materialu, Cze§é 1 obejmuje ukiady integra-
cyjne, zaburzenia psychiczne, neurologiczne, hormonalne. Cze§é 1I omawia uklady
konstytucjonalne, choroby alergiczne, kolagenowe, barwikowe, zywieniowe, elek-
trolitowe, nieprawidlowos$ci hemoglobiny, krwinek czerwonych, bialaczki, skazy
krwotocznej. Cze§é III obejmuje zaburzenia efektoréw narzadowych: watroby,
przewodu pokarmowego, pluc, serca, nerek, mieéni, choroby chirurgiczne i choroby
wynikle z dzialania zewmetrznych czynnikéw otoczenia.

Ksigzke rozpoczyna kalendarz odkryé biochemicznych XX wieku poczawszy
od sformulowania polipeptydowej natury bialek przez Hofmeistera i Fischera
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w 1902 r., skonczywszy na ustaleniu przez Cricka w 1964 r. skladu i sekwencji
aminokwas6w w krystalicznych bialtkach przy pomocy analizy rentgenowskiej
Wiasciwy tekst poprzedza spis skrétéow biochemicznych, metrycznych, klinicznych,
obejmujacy okolo 150 pozycji.

Podzial materialu dokonany jest z klinicznego punktu widzenia, ujecie tego
materialu natomiast jest biochemiczne, znakomicie zresztg dostosowane do potrzeb
kliniki. Warto$¢ ksigzki podnosza do$§¢ liczne zestawienia tabelaryczne zaréwno
z dziedziny biochemii i fizjologii, jak i samej kliniki: symptomatologia, diagnostyka
roznicowa, objawy biochemiczne, préby czynnoSciowe. Nie ma natomiast w tej
ksigzce zadnych przepis6w metodycznych, nie ma ani jednego wzoru chemicz-
nego. Kazdy rozdzial zakonczony jest bardzo obszernym piSmiennictwem do
1961 r. wigcznie.

Styl ksigzki jest nieledwie telegraficzny, zdania kroétkie, orzekajgce, zawezone
do stwierdzen. Hipotezy oméwione zwigzle, gléwny nacisk polozony na to, co sie
wie w oparciu o dowodowe dane. Mimo to ksigzka jest ogromnym dzielem, zdu-
miewajgcym, jako twor jednego autora, rozlegloScig informacji, dokumentacja,
ogromem piSmiennictwa.

Ksigzka I. N. Kugelmassa bedzie niewatpliwie cennym nabytkiem w biblio-
tekach szpitalnych i klinicznych, w bibliotekach domowych lekarzy klinicystow
biochemicznie zorientowanych oraz na poélkach kierownikoéw i pracownikéw labo-
ratori6w i pracownikéw teoretycznych dziedzin paraklinicznych.

Leszek Tomaszewski

J. S. Brimacombe and J. M. Webber: MUCOPOLYSACCHARIDES. Che-
mical Structure, Distribution and Isolation. Elsevier Publishing Co., Amsterdam
1964; str. IX + 181; cena Dfl. 27.50, sh. 55, DM 31.

Recenzowana ksigzka jest széstym tomem BBA Library. Poprzedni V tom
omawial glikoproteidy, a wiec zwigzki bardzo blisko zwigzane z mukopolisa-
charydami. Nie mozna §ci§le przeprowadzi¢ granicy pomiedzy tymi grupami zwigz-
kéw. Nazwag mukopolisacharydy, wprowadzong przez Meyera na okreSlenie poli-
sacharydow zawierajgcych heksozamine, z biegiem lat zaczeto nazywaé i inne
zwigzki polisacharydowe nie zawierajgce heksozaminy. Dlatego tez Autorzy po
rozdziale wprowadzajgcym dokladnie precyzujy, jakie zwigzki bedg omawiane
w dalszych rozdzialach.

Ksigzka gléwnie omawia strukture chemiczng, wystepowanie, metody izolacji
oraz sposoby oznaczania mukopolisacharydéw. Mozna jednak tam znalezé wiado-
moéci dotyczace ich biosyntezy oraz roli fizjologicznej. W oddzielnych rozdziatach
zebrano wiadomos$ci dotyczace chityny, kwasu hyaluronowego, kwasow chondroity-
nosiarkowych, heparyny oraz substancji grupowych krwi. W osobnym rozdziale
oméwiono rzadziej wystepujgce mukopolisacharydy, takie jak keratosiarczan,
siarczan heparyny, kwas mukoitynosiarkowy, kwas tejchurowy oraz réznego ro-
dzaju mukopolisacharydy wystepujgce u bezkregowcow. Jeden z rozdzialéw obej-
muje substancje grupowe krwi, ktére zostaly omoéwione szerzej tylko pod wzgle-
dem struktury chemicznej, poniewaz inne aspekty tego zagadnienia przedstawil
Gottschalk w poprzednim tomie BBA Library.

Kazdy z rozdzialéw zaopatrzony jest w spis literatury obejmujacy przecigtnie
sto kilkadziesiat, a niekiedy i wigcej, pozycji. Przedyskutowanie tylu pozycji lite-
ratury czyni ksigzke bardzo wartoSciowa dla specjalisty, poniewaz pozwala mu
latwo zapoznaé sie ze wszystkimi wazniejszymi odkryciami w tej dziedzinie. Z dru-
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giej jednak strony dla czytelnika, ktéry chce sie tylko ogélnie zorientowaé w za-
gadnieniu, moze to stanowi¢ pewne utrudnienie.

Omawiana ksigzka jest doskonatym zrodiem wiadomoséci dotyczgcych budo-
wy chemicznej, wystepowania, sposobéw izolacji oraz metod oznaczania réznych
mukopolisacharydé6w w materiale biologicznym,

Wiktor Rzeczycki

S. Abrahamsson, S. Stdllberg-Stenhagen and E. Stenhagen.
PROGRESS IN THE CHEMISTRY OF FATS AND OTHER LIPIDS. Vol. VII,
Part. I, The Higher Saturated Branched Chain Fatty Acids. Pergamon Press, Ox-
ford-London-New York-Paris 1963; str. 164, cena 40 s.

Kwasy tluszczowe o lancuchu rozgalezionym stanowig niewielki jedynie pro-
cent w mieszaninie kwasoéw otrzymanych droga hydrolizy tluszczéw naturalnych.
Na szersza skale, w czasie drugiej wojny $wiatowej w Niemczech produkowano
tluszcze syntetyczne z duza zawarto$cia kwas6w rozgalezionych. Znaczenie kwa-
s6w rozgalezionych i ich wplyw na ustroje zwierzece jest mazo poznany. Do czasu
wprowadzenia chromatografii gazowej, w stanie czystym izolowano zaledwie kilka
kwasoéw tluszczowych rozgalezionych, glownie z bakterii. Obecnie lista kwasow
z réznych Zrédel obejmuje dziesiatki pozycji.

Ksigzka zajmuje sie glownie chemig i fizyko-chemig wyzszych nasyconych
rozgalezionych kwasow tluszczowych. Obszernie omawia metody syntezy oraz ba-
dania nad strukturg kwas6w. Autorzy po$wiecili duzo uwagi zagadnieniu zalez-
no$ci pomiedzy struktura a wlasno$ciami fizycznymi omawianych kwaséw. Dzial
ten poparty jest wnikliwg analiza danych doswiadczalnych, ich interpretacjg oraz
rozwazaniami teoretycznymi, Sledzenie wywodéw ulatwiaja liczne rysunki i sche-
maty. Bardzo pozyteczne sa tabele zestawiajace najwazniejsze dane fizyczne po-
szczegblnych kwas6w rozgalezionych i ich pochodnych. Tablice te zajmujg ponad
30 stron. Dla niektérych kwasoéw podano takze wykresy widma w podczerwieni.
W sumie jest to cenne Zrédlo wielu danych fizyko-chemicznych o rozgalezionych
kwasach tluszczowych. Bardzo skrommnie natomiast potraktowano rozdzialy doty-
czgce wlasno$ci biologicznych kwasbéw rozgalezionych i ich wystepowania. Zebra-
ne wiadomoéci dajg jedynie krotki i niepelny obraz zarysowujacych sie tu pro-
blemoéw.

Ksigzka zainteresowa¢ moze chemikéw, fizyko-chemikoéw i biochemikéow zaj-
mujacych sie wyzszymi kwasami tiuszczowymi, ich rozdzialem, izolacjq i identy-
fikacjg. Pi$miennictwo obejmuje pozycje do roku 1960. Ksigzka uzupeiniona jest
wykazem blisko 400 prac cytowanych w tekS$cie oraz alfabetycznym skorowidzem
rzeczowym.

Ryszard Niemiro
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0. SHUIKM, &. INEHIA3UBUIBK, 1. CKVIIMH, E. KOBAJBYUK,
Kpucrnaa HOBAKOBCKA u Kpucrmaa TPOSHOBCKA

CBETOYYBCTBUTEJBHEIE ITPOM3BOJIHBIE KOPMHOMIHO-BEJIKOBBIX
KOMIIJIEKCOB M3 KJIETOK FROPIONIBACTERIUM SHERMANII

Pe3oMme

Wz xaerok P. shermanii-1 BblfesieH CBETOYYBCTBUTENLHBI KOPUHOMAHO-OEJ-
KOBbIt KomMmieke (Byp-M-S). Ilser 1 KpuBasa NOINIOLIEHMA cBera Byy-M-S ykaspiBaer
Ha HajJXu4yme B HEM KO9H3uMa Bjs. DTy CBOMCTBA OTIMYAIOTCA B KOMILJIEKCe BbI-
AeneHHom npu csere (Byp-M). Daexrpodopes, xpomarorpacdua nHa Oymare m pas-
Aenenne Ha KojgoHKe CM-Sephadex G-25 mnogasaiam, uyro Komiuieke Bj,-M-S nHe
ONHOPOJeH; He OOHapy:KeHO, OAHAKO, ero pas3JoXKeHMa no BuTamMyuHa By, Bbum
MACHTM(MUUUPOBAHbI fABe (pPakuuyu, M3 KOTOPBIX OAHA COAEPKaja 3HAYMTEILHBIE
KOJIMYEeCcTBa IJIIOTAMMHOBOJM KMCJIOTHI, a Apyraa — rauiauHa. Poroins Byp-M-S Bbl-
3piBan obpas3oBanue Bi,-M, a B NpMCYyTCTEMM LMAHMAOB — LMAHOKODAJaMMHA.

AMMHOKMCIIOTHBIIT coctas Bjy,-M-S omrumyaercas or cocrasa npenapara Bjs-M.
Coornomenne Genok: KOpMHOMA B Ipernapare B,-M cocrasiasaio 1:1, a B mnpena-
patre By{;-M-S 1:4 g0 1:8 B 3aBMCMMOCTH OT CHMCTEMbI OYMIIEHMA. AKTUBHOCTH
npenaparog Bj,-M-S B Kauecrse hakropos pocra ana E. coli 6era o6partHo mnpo-
IOpUMOHAJIbHA COAepzKaHmio Genka B 9TMX npenaparax.

E. IIABEJKEBHUY un B. 3ATAJ{AK

PEPMEHTATUBHOE ITPEBPALIEHUE TJIMIIEPOJIA
B f-TUAPOKCUIIPOIIMOHOBBI AJIBAEIMJ, B BE3KJIETOYHOM CUCTEME
3 AEROBACTER AEROGENES

Pe:no»}e

W3 Knerork A. aerogenes KYJbTUMBMPYEMBIX Ha Cpefe ¢ IJMIEPOJOM BhIJeJeHa
u omycaHa (EepMEeHTAaTMBHAA CHUCTEMa KaTalu3Mpyllas S3aBMUCALI0 OT KOSH3MMA
By, peaxumio NpeBpPalleHUsa MNIMUEepoaa B [-IMAPOKCUIIDONMOHOBBIN adbpernpg. Omn-
Tumym pH aaa 9Toit peakumy cocraBiaser 8.0, onTumym Temneparyper 37°. Jia
peakuMy HEOOXOAMMO HaJaM4yyMe MOHOB KaJyufA, KOTOpble MOXKHO 3aMEHUTh MOHAMM
Ii,* Rb+ mam H+, HO Henb3s 3aMEHMTL HOHaMu HaTpudA, Pearuua TOPMOZUTCA
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PeaKTMBaMyM PeaArMpyrumMy C CyJAbMOruApuibHbIMy TIPYNIaMi, a TakKxke KOHKY-
PEHTHO TOPMO3UTCA HEKOTOPBLIMy CHMHTETMYECKMMy aHajJoramy KosH3uma By Kune-
THUYECKMe MCCHeAOBaHMA IOKa3aJy, YTO NPEeBPAlleHMe IJMUepoJia HABIACTCA De-
agnueir Broporo nopaaka. Bemwumna K = ana armueposa cocrasiser 3.6 X 10—5Mm2,
Moutekyita anodepMeHTa COeAMHACTCA ¢ ABYMA MOJeKyJdamy Kodepmenra By, a K |
Aas 9TOM pearimu cocrasiaser 1.3 X 10—5M2

ABTOPBI BBIABUMHYJM I'MITOTE3Y, 4HTO (DepMeHT COJAEePKUT ABa AKTMBHBIX LE€HTpa
M YTO peakuus NPeBpalleHud IaMieposia NpoTeKaer B JABYX 9ramax, Karajaiusu-
PYeMbLIX ABYMA Pa3M4YHbIMy (DEepMEHTaMMu.

B. 3ATAJIAK n E. IIABEJIKEBUY

CUHTE3 M CBOVICTBA Co-AJJEHMH-HYKJEO3UJIHBIX AHAJIOTOB
KO®EPMEHTA B,

Pe3ioMme

B paboTe omMCaH YNPOLIEHHBIA METOA XMMMYECKOro cuHTe3a Kodepmenra Bis
M ero aHaJioroB. MeToj COCTOMT B HEMNOCPEACTBEHHOM TO3MJIMPOBAHMM HYKJIEO3MIO0B
aZeHMHAa MJIM NPOU3BOAHBIX AJeHMHA ¥ COEAMHEHMy HNPOAYKTOB peakluy C BOcCcTa-
HOBJICHHBIM IpraHKOGanamuHoM. Kodepmenr By, Obwr modyyern ¢ Bbixogom 50%/o.
Anajoru cozepRaumme paaukaibl 2'- y 3/-7e30KCcHazeHO03uHAa IOJYYEHBI ¢ BBIXOZOM
300/p, a cojepIkalMe pajMKay M30aJeHO3MHA c BhIxozom 15%. Bce ot amanoru
OKa3anyCh AKTUBHBIMM B KauyecTBe KO(EPMEHTOB B CHUCTEMe BBIIGIeHHO)i u3 Aero-
bakter aerogenes mpeBpaujamolle) NpomaH-1,2-7M0j B INPONMOHOBBIA AJBAEIUA
M TIMLEPON B [-IMAPOKCHUIIPONMOHOBBIA ajbAernj. AKTUBHOCTY AHAJIOTOB MEHbIUE,
yeM aKTMBHOCTHL KodepmeHTa By u OTIMYHBI MEXKJy C€O0Oii B O0OEMX pearumnax.
ObGCyKaeTca 3aBUCHUMOCTL MEXKJy AKTMBHOCTBIO KodepmeHTa By u ero xummyec-
KOJi CTPYKTYPOIJA.

Voanna PBITKA u B. TEICAPOBCKMU

BBIIEJEHME M CBOMCTBA JETMIAPOTEHA3BI D(-)MOJIOYHOM KMCJOTHBI
U3 JPOXKZKEN KVJIBTUBUPYEMBIX B AHADPOBHBIX YCJOBUAX

PeszoMme

1. Paspaboran HOBBIiI METOJ OYMILEHMA AETMAPOreHasbr D(-)MOJOYHOM KMCIO-
THI U3 APOKIKEN KYJbTUMBUPYEMBIX B aHA9POOHBIX YCIOBMAX ¢ NPUMEHEHMEM TPUII-
CHUHA.

2. Onpenenesbl KMHETMYECKMe CBOMCTBa 9Toro (bepMeHTa, HA OCHOBAHMM KO-
TOPLIX NPEAJNaraercs cxema OKMCJICHUMA D-a-THAPOKCUKMCIOT ASTUAPOTeHa30iA.

I
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K. KJIIEYKOBCKH

L-TIIOTAMMH KAK JOHOP A3O0TA IIPM CUMHTE3E KAPBAMMIIPOCPATA
B IIPOPOCTKAX T'OPOXA

PeszoMme

VeTaHOBJAEHO, YTO B IPOPOCTKax ropoxa L-rioraMun SABIAETCA HAMIYYIINM
JOHOPOM @30Ta MAJA CuHTe3a Kap0aMmioBO) TIpymmnbl IMTpyauHa. L-AcnaparuH
obnagaer 30%, a Heopraum4eckKre MOHbI aMMOHMA 100/p AKTMBHOCTBIO O OTHOLLEHNIO
Kk L-rmoramuHy, Torga Kak N-aUeTMAIIIOTAMyH BOBCe He AaKTUBEH. AKTUBHOCTH
cuCTeMbI 3aBMCAT OT Hamumuma uoHop Mg?+, a omrmmym pH cocrasnser 7,4-7,6.

B. TBICAPOBCKM i Auna KOHEIIKA

EDTA KAK MHIMBMTOP BOCCTAHOBJEHUS PEPPUIIVMAHUIA
TIIOTATHMOHOM M IUMCTEMHOM

Pe3zome

UccaenoBasocs BausHme EDTA Ha CKOPOCTh peakiyMy BOCCTAHOBJEHMA OXHO=
JIEKTPOHHBIX MJIM ABYSJEKTPOHHLIX AKLENTOPOB CYJIbMIMAPMILHBIMI COENNHEeHIIAMIL.
EDTA BpIZBIBaeT TOPMOXKEHME B CHCTEME: OAHOIJIEKTPOHHBI axKnenTtop — BOCCTa=
HOBUTEJNb COAepzKammiz ogHy rpynny SH.

- DdderTbl TOPMOXKEHMs IOCJe YAAJEHMA MeAu pasauydHbIMM Mertojamu u 0Oe3
yaanenusa Meay uaeHTMyHbl. EDTA He TOPMO3UT BOCCTAHOBJEHMA JABYSJIEKTPOH-
HBIX aKIENTOPOB. ”

3. IIAPPAH

TUIPOJN3 3PUPOB n-HUTPODPEHOJA ¥ 2KUPHBIX KUCJIOT
TOMOTEHATAMM CJIM3UCTOM OBOJOYKM TOHKOM KUIIKM PA3HBIX
BUJIOB 2KMBOTHBIX

PeszoMe

ViccaenoBaslach AKTMBHOCTB 9KCTPAKTOB CJAM3MCTOM OOOJIOYKM TOHKOM KMILKK
pPa3HbIX KMBOTHBIX II0 OTHOLIEHMIO K 9(hupam n-HUTPOodEHONA y IKMPHBIX KMUCIOT,
cojepxkaumx or 2 0 12 aromos yriaepoaa. HauBeIicmiag yAeJbHasgs aKTUMBHOCTH Ha-
Galofarace y KPOAMKa ¥ KpbICBl, HM3LMIAg — Yy 4eJOoBeKa y Haubosee HU3KaAA
AaKTMBHOCTL — Y CBMHBM, Kypuubl u Oblka. MarkcuMaJbHad aKTUMBHOCTHL Habmoxa-
nace aas scpupos C; Cg u Cp. Y

Ha ocHOBaHuy 9THMX Pe3yJbTATOB, a TaKiKe pas3JuM4uuii TOPMO3AIEro AeiCTBUA
aunzonpomuidTopdocdara 00CYIRAACTCA BO3MOKHOCTB HAJIfIMA HECKOJBEMX 9CTe-
pa3s B Cau3uCTOi OGOJIOYKE KMILKNA.
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M. BATHACAPBAH

HU3KOMOJIEKYJIAPHBIE IIEIITUABI OBPA3VIOIIMECS
B PUBO3OMAJIBHBIX IIPEMMAPATAX KAK IIPEAIIOJIATAEMBIE
IIPEKYPCOPBI BEJIKOB

PeszmoMme

VI3 yuKyGanMOHHOM CMECy IIPEMEHSeMOI Mg MCCAEeAOBAaHUA BRJIIOYEHMA aMu-
HOKMcynor B OGengm in vitro BeIgeneHer cBA3aHHBIE AMMHOKNCJIOTBI, IIOBUAMMOMY,
NenTMAbl MM HYKJIEOTHMAO-NIeNnTUABL Ynenbnax AKTMBHOCTHL PajAMOAKTMBHBIX amMu-
HOKMCJIOT BKJIOYaeMbIX BO (DpPakuMi0O HU3KOMOJEKYJNAPHBLIX MENTHUAOB TOrO KE I10-
PAAKA, WTO M YAEJNbHAsg AaKTUBHOCTL CBODOAHBIX AaMMHOKMCIOT MHKYOALMOHHOR
cMecH; 9Ta AKTMBHOCThL IIPEeBBICIIANa YAEJbHYI0O AKTUMBHOCTHL AMMHOKMCJIOT, BKJIIO-
4YeHHbIX B Oeaky pubo30M M MMKPO30M NPUMMEPHO B THICAYY pa3. DTo yKasbIBaer
Ha TO, YTO MCClIeAyeMble NENnTHAbl He FABIAIOTCA IPOAYKTOM JAErpajanuy roTOBBIX
6eJIKOB, a CKOpee NpeKypcopamy IOJAMIEenTyja0B. Vccreayemble bpakiMy He SBJIA-
1I0TCA aMMHOKMCJIOTamy, cBa3aHHbIMy ¢ AMP uayu s-RNA, tak RKax npu HeEnocpea-
CTBEHHOM AMHUTPOMEHUIMPOBAHMM M3 HUX OCBOOOXKAAETCA HEMHOrO pPajuOaKTHB~
HBIX aMMHOKMCJIOT.

Bodua JACCOTA

MOYEBAfA KUCJIIOTA B HOPMAJIBHBIX ¥ OBJYYEHHBIX y-JIYVY9AMNU
SIVIITAX BOMBYX MORI

PeszoMme

Cozep:xanue MOYEBOII KUCIOTBI B Ainax Bombyx mori cocraBaser B cpeasem
3,5 MI/r LeNbHBIX AXL M He M3MEHAETCA BO BPEMsa AManaysbl M IIOCJe AManaysbl
B nepuope omOpuorenesmca. OOaydeHme Auy B NEpuoje amarays3bl A030i1 20 Kr
y-U3JYy4YEeHUA, TOPMO3dlllee OOpa30BaHyue IYCEHMI] He BJIMAeT Ha COAEpPIKAHUE MO-
4YeBoii KMCJIOTBI B Ainax. MoueBasd KJMCIOTA HAKANJIMBAGTCA B MEPTBBIX AMIlaX,
ecq B NOCTAMANay3ajbHOM Iepuoje OHM MHKyOupyiorca mpu 25°. Hakonaeaue MO~
YeBOil KMUCJOThblI B AMLAX IPOMCXOAMT HE3aBMCHMMO OT NPUYMHBI MX Irube.
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