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B. ZAGALAK and J. PAWELKIEWICZ

SYNTHESIS AND PROPERTIES OF ANALOGUES OF COENZYME B,
METHYLATED IN THE ADENOSYL GROUP

Department of Biochemistry, College of Agriculture, Poznan

Numerous analogues of coenzyme By, have been synthesized by
substituting other groups for 5-deoxyadenosyl. All these analogues
proved to be inhibitors of the enzymic reaction dependent on coenzyme
Bys, in which diols are transformed into deoxyaldehydes and glycerol
into p-hydroxypropionic aldehyde [2,9,17,14,22]. It should be added
that cyanocobalamin and hydroxycobalamin also inhibited competitively
this reaction.

On the other hand, it is known that the analogues, at least some of
them, are just as active as cyanocobalamin in promoting the growth of
chicks [4]. This may be explained by the ease with which the analogues
are converted in the animal body into coenzyme B, or some other
active form. Such transformations have been observed in micro-
organisms [14].

In spite of this discrepancy, it seems that certain analogues with
structures differing only slightly from coenzyme By, may be useful in
studies on the relationship between activity and chemical structure of
coenzyme By,. Therefore it was decided to synthesize analogues of
coenzyme By, containing in the place of adenosine, 1-methyladenosine
and N6-methyladencsine, and to test their coenzymic activity.

MATERIAL AND METHODS

Vitamin By, and coenzyme B, were isolated from cultures of Pro-
pionibacterium shermanii [20]. 1-Methyladenosine was synthesized by
the method of Jones & Robins [12] by methylating adenosine with
methyl iodide in N,N-dimethylformamide solution. Traces of iodide were
removed by passing the aqueous solution of the preparation through
a short column with Dowex-1 in the HCO; form. N6-Methyladenosine
was obtained by heating 1-methyladenosine dissolved in 0.25 n-sodium
hydroxide [12]. It was observed that heating in concentrated ammonia
also converts 1-methyladenosine quantitatively into isomeric NS-methyl-
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adenosine. 2,3’-O-Isopropylidene derivatives of methyladenosines were
prepared as follows: 0.5 m-mole of methyl adenosine, thoroughly pul-
verized and dried at 105° over P,Os at 0.1 mm. Hg for 4 hr., was
suspended in 30 ml. of anhydrous acetone, and 5 m-moles of anhydrous
p-toluenesulphonic acid were added, the acid being previously dried for
4 hr. over P,O; at 64° and 0.1 mm. Hg. The mixture was shaken for
about 15 min. to dissolve the nucleoside and left for 5 hr. at room
temperature, during which time the solution took a light yellow colour.
Then 20 mg. of Celite was added, and the clear filtrate was added with
2 g. of thoroughly pulverized natrium bicarbonate; the suspension was
mixed for at least 1 hr. to make the solution meutral. Then the suspension
was placed in the extraction capsule of a Soxhlet apparatus and
extracted with anhydrous acetone for 12 hr. The extract was evaporated
to dryness and the chromatographic homogeneity of the reaction product
was checked with solvents A and B (see below). Small amounts of methyl-
adenosine found in some of the ppreparations were removed by passing
the solution through a short column with Dowex-1 (borate form). From
the dry residue, 2’,3’-O-isopropylidene-1-methyladenosine was crystal-
lized from warm methanol or methanol and ethyl acetate. The yield
was 80%; m.p. 255°. 2°,3’-O-Isopropylidene-N6-methyladenosine was
obtained only as a glassy residue with 75% yield. 5°-O-Tosyl-2",3’-O-
-isopropylidene nucleosides were obtained by the action of p-toluenesul-
phonyl chloride on appropriate isopropylidene derivatives dissolved in
anhydrous pyridine distilled over KOH. The following procedure was
applied: 50 mg. of well pulverized derivative, previously dried for 10 hr.
at 105° over P,Oj; at 0.1 mm. Hg, were suspended in 1.5 ml. of anhydrous
pyridine and warmed. After cooling on an ice bath, 29 mg. of p-toluene-
sulphonyl chloride were added, with mixing. After 10 min. the mixture
was removed from the ice and left for 15 hr. at room temperature. The
sediment formed was removed by filtration and pyridine was evaporated
from the filtrate and washings at room temperature under reduced
pressure. The viscous, resinous residue obtained, although non-homo-
geneous on chromatography, was used directly for the synthesis of
coenzyme By analogues.

Synthesis of analogues of coenzyme By, and purification of crude
preparations by electrophoresis and paper chromatography were carried
out as previously described [22] except that double amounts of vitamin
By; and of the tosyl derivative were used, and the time of reaction was
prolonged to 10 min.

Enzymic studies were performed according to the methods already
described [22], g-hydroxypropionaldehyde being assayed according to
Smiley & Sobolov [16] and acetaldehyde and propionaldehyde after
Bohme & Winkler [3]. The enzymic system from Aerobacter aerogenes
cells (strain no. 572, PZH, Warszawa) was prepared according to the

http://rcin.org.pl



(3] ANALOGUES OF COENZYME B, 105

method previously described [21]. For colorimetric measurements
a Bausch & Lomb Spectronic 20 photocolorimeter was used.

Spectral analyses were performed with a Hilger H 700 spectrophoto-
meter with 1 em. long quartz cuvettes. Concentrations of coenzyme By,
and its analogues were determined in.samples of the solution after
conversion into dicyano derivatives, by measuring the extinction at
580 mu and taking the molar extinction coefficient value as 10.1X103 [1].

For identification of purines and their derivatives, the following
solvents were used for paper chromatography: (4), 5% aqueous solution
of ammonium bicarbonate [12]; (B), propan-2-ol - water - conc. ammonia
(70:25:5, by vol.); and (C), n-butanol - water - conc. ammonia (86:13:1,
by vol.) [18]. The spots were detected by a low-pressure quartz lamp
(Philips 57413 P/40 TUV 30W) equipped with a filter made from a quartz
tube containing solutions of nickel sulphate and cobaltous sulphate [5].

For chromatographic purification and identification of corrins, two
solvents were used: (D), n-butanol - propan-2-ol - water - acetic acid
(100:70:99:1, by vol.) and (E), n-butan-2-ol - water - acetic acid (70:99:1,
by vol.). Paper electrophoresis was carried out in 1 m-acetic acid at
6-8 V/em. Both chromatography and electrophoresis were carried out
in complete darkness.

1-Methyladenine and N6-methyladenine used as standards were
obtained from the appropriate nucleosides by hydrolysis in 2 N-hydro-
chloric acid. Adenosine was a commercial product of Nutritional Bio-
chemicals Co., U.S.A., and P-cellulose was prepared acccrding to Peter-
son & Sober [15]. Other reagents were obtained from Fabryka Odczyn-
nikéw Chemicznych, Gliwice, Poland.

RESULTS AND DISCUSSION

Synthesis and physico-chemical properties of the analogues

The method described recently by Jones & Robins [12] for the
synthesis of methyladenosine nucleosides, permitted to carry out the
synthesis of coenzyme By, analogues. 1-Methyladenosine and N6-methyl-
edenosine were found to react readily with acetone in the presence of
enhydrous p-toluenesulphonic acid and to be transformed almost quanti-
tatively into 2’,3’-O-isopropylidene derivatives. Tosylation of these
derivatives followed the same course as for the nucleoside compounds
described thus far. The chromatographic properties of the obtained
purine compounds are summarized in Table 1.

Incorporation of nucleosides in the chemical synthesis of coenzyme
By» analogues was confirmed by isolating the nucleosides atter photo-
lysis, or free purine base after treatment with potassium cyanide. The
reactions with potassium cyanide were performed as follows: about 1 mg.
¢f the analogue was dissolved in 10 ml. water, added with a few mg.
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106 B. ZAGALAK and J. PAWELKIEWICZ [4]

Table 1
Rr values of I-methyladenine, N6-methyladenine and their derivatives

Chromatograms were developed on Whatman no. 1 filter paper by the descending
technique. In solvent A, chromatograms were developed at 18°.

Compound —_— i— ﬁvi\l“
A ] B [ C.
|
Adenosine 0.54 : 0.52 0.23
1-Methyladenosine 0.77 0.43 0.20
N6-Methyladenosine 0.64 ‘ 0.64 : 0.47
2/,3’-0O-Isopropylidene-1-methyladenosine 0.77 0.68 3
2/,3’-O-Isopropylidene-N6-methyladenosine 0.64 3 0.79
1-Methyladenine 0.25
N6-Methyladenine [ 0.63 ]

KCN and left in complete darkness for several hours. Then the solution
was adjusted to pH 6 with dilute acetic acid, added with water to 15 ml.
and applied to a P-cellulose column (2 cm. X 2cm.). The pigmented
corrinoids were eluted with water and then free purine with 0.1 N-HCI.
The spectral analysis and paper chromatography of the isolated com-
pounds showed that potassium cyanide decomposed both coenzyme By,
analogues, liberating free purine similarly as in the reaction with
coenzyme By, in which adenine was liberated [10]. The base liberated
from an analogue synthesized from a l-methyladenosine derivative had
an absorption maximum at 258 - 259 mu in acid, and at 270 - 271 mu in
alkaline solution, and its spot on the chromatograms corresponded to
1-methyladenine. The base liberated from the analogue synthesized from
the N6-methyladenosine derivative had E,,, at 265 - 267 mu in 0.1 N-HC],
and at 274 mu in alkaline solution; on chromatography, the compound
behaved like NS-methyladenine standard. The absorption maxima of the
bases were in agreement with data found in the literature [13,18].

The photolysis was performed by irradiating solutions of 1 mg. of the
analogue showed E, .. at 258 mu in 0.1 N-HCI, and 259 - 260 mu in alkaline
on a P-cellulose column. The column was washed with dilute solution
of hydrogen cyanide to convert aquo(hydroxy)-cobalamin into the cyano
form. The purine derivatives were eluted with 0.1 N-HCI, collecting ten
3-ml. fractions. Each of the analysed samples contained at least three
products, with marked predominance of one compound. The main
fraction eluted from the photolysis products of the 1-methyladenine
analogue in 10 ml. water in direct sunlight, and the product adsorbed
solution. The main fraction of the Nf-methyladenine derivative showed
Enex at 262 - 263 mu in acid, and at 267 mu in alkaline solution. These
data are in agreement with those for 1-methyladencsine and N6-methyl-
adenosine [13, 18].

http://rcin.org.pl



5] ANALOGUES OF COENZYME By, 107

In the course of photolysis of coenzyme By, under aerobic conditions,
the nucleoside moiety is split off in the form of a radical which stabilizes
as the 8,5’-cyclic adenosine [7], and moreover adenosine-5-aldehyde [8]
and adenosine-5'-carboxylic acid are formed [11]. As in spectral analysis
all these compounds behaved like adenosine [1], it may be assumed that
the products of photolytic degradation of the synthesized analogues
containing 1-methyladenine or NS-methyladenine also contain cyclic
nucleosides, aldehyde and possibly carboxyl derivatives.

The method by which the analogues were synthesized, their behaviour
on photolysis and in the reaction with potassium cyanide, corroborate
their structure as Co-5"-deoxy-(1-methyladenosyl)-a-(5,6-dimethylbenzi-
midazolyl)-cobamide (Co-5"-d(1-MAdo)-DMBIA-cobamide), and Co-5'-de-
oxy-(N¢-methyladenosyl)-a~(5,6-dimethylbenzimidazolyl)-cobamide  (Co-
-5’-d(N6-MAdo)-DMBIA-cobamide). The schematic structural formulae
of the two synthesized compounds are shown in Fig. 1. On electro-
phoresis both analogues exhibited greater mobility than coenzyme By,

OH OH OH OH

CH; 0 (I
@@
I(Io] g b [Co] X
![{ B NCHs
I I

Fig. 1. Structural formulae of coenzyme B;s analogues. (I), Co-5"-deoxy-(l-methyl-
adenosyl)-a-(5,6-dimethylbenzimidazolyl)-cobamide; abbreviation wused: Co-5"-
-d(MAdo)-DMBIA -cobamide, (II), Co-5'-deoxy-(N®-methyladenosyl)-«-(5,6-dimethyl-
benzimidazolyl)-cobamide; abbreviation used: Co-5"-d(N®-MAdo)-DMBIA -cobamide.

(Table 2) owing to the more basic character of the methyl derivatives
of adenosine. Of the two methyladencsines, 1-methyladenosine was
more basic [6] and the analogue containing this nucleoside had greater
electrophoretic mobility. On paper chromatography, the mobilities of
the two analogues differed very markedly and it may be assumed that
Co-5"-d(1-MAdo)-DMBIA-cobamide is more polar than its N6-MAdo
isomer.

The two analogues synthesized, similarly as coenzyme By,, are photo-
sensitive and, although the rate of degradation has not been measured,
the observations indicate that they undergo photolysis at least as rapidly
as coenzyme Bys.
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Table 2

Chromatographic and electrophoretic mobility of analogues
of coenzyme By,

Chromatograms were developed in a dark room at 20° by the descending technique
on Whatman no. 3 MM paper. Electrophoresis was carried out on Whatman
no. 3 MM paper in 1 M-acetic acid. The relative rate of migration is given in terms
of Rp denoting the distance moved by the compound divided by the distance
moved by cobinamide. The position of cyanocobalamin defines the starting point.

Paper chromatography

Paper elec-

Compound Solvent D Solvent E | trophoresis
Rp |

| Rcoenzyme Bia
Coenzyme By, | 1.00 1i00° | 1V 418

Cyanocobalamin [ 1 0.00 |
Aquocobinamide cyanide ‘ 1800% 24
Co-5"-d(1-MAdo)-DMBIA-cobamide 0.54 0.29 1.30 |
Co-5"-d(N6-MAdo)-DMBIA-cobamide 1.30 1.37 1.22 |

Fig. 2. Absorption spectra of coen-
zyme Bjs analogues in aqueous
solution: (——), Co-5"-d(1-MAdo)-
-DMBIA-cobamide, conen. 2.92 X

X 105 M (———), Co-5'-d(N¢-
250 300 350 400 ﬁ_‘]_‘_j"ax) 50 600 -MAdo) DMBIA -cobamide, concn.
Wavelength (mu) 1.78 X 105 M.

The absorption spectra of the analogues (Fig. 2) resembled the
spectrum of coenzyme Bj;, except that the maximum in the 260 mu
region was shifted toward 257 - 258 mp for 1-methyladenosyl analogue,
and toward 265 - 267 mu for the N6-methyl derivative.
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[71 ANALOGUES OF COENZYME By, 109+

Coenzymic activity of the coenzyme B, analogues

The main enzymic test employed in this laboratory for studying the
analogues of coenzyme By, is the transformation of glycerol to g-hydro-
xypropionic aldehyde. This reaction is catalysed by an enzymic system
present in a preparation obtained from A. aerogenes [21]. This prepara-
tion catalyses as well the coenzyme B, dependent transformations of
ethylene glycol to acetic aldehyde, and of 1,2-propandiol to propionic
aldehyde; these two rTeactions were usually chosen by other authors for
studying the analogues in a system isolated from a different strain of
A. aerogenes.

As observed previously [22], and confirmed in the present experi-
ments, the specificity of these reactions in relation to naturally occurring
corrin coenzymes varies, although they are catalysed by the same
enzymic system and belong to the same type of intramolecular oxyredox
transformations. For instance, the coenzymic form of cobinamide was
active with diols but was inactive when glycerol was used as substrate.
With some enzymic preparations, the cobinamide coenzyme was inactive
also in the reaction of transformation of ethylene glycol, while showing
activity in the transformation of propandiol [22]. The reasons for this
behaviour are not clear.

The 1-methyladenosine analogue was inactive in all three reactions
even when the incubation was prolonged to 30 min. The analogue was
considered to be ppractically inactive if after 10 min. incubation the
amount of f-hydroxypropionic aldehyde formed was practically the
same in the tested sample and in the blank test not containing the
analogue. In the transformation of glycerol, the 1-methyladenosine
analogue showed a competitive inhibition. The index of inhibition defin-
ing the ratio of the concentration of the analogue to the concentration of
coenzyme By, at which the velocity of the reaction was reduced to one-
-half, was 2.3. For determinations of the inhibition index, coenzyme Bj,
and the analogue were added to the reaction mixture together. The
order in which coenzyme B, and the analogue were added influenced
markedly the results because of the incomplete reversibility of the
process of binding corrin compounds by apoenzyme [16, 17]. The con-
centrations of coenzyme B, used in these experiments were chosen so
as to ensure complete saturaticn of the apoenzyme (this value was
determined from kinetic data and the details will be described in
a separate paper). The reaction mixture used previously [22] was found
to be suitable; however, depending on the activity of the preparation
studied, it was sometimes necessary to reduce the concentration of the
enzyme from 0.5 to 0.2 mg. of protein per sample.

The Co-5"-d(N6-MAdo)-DMBIA-cobamide was found to act as a co-
enzyme of ethylene glycol and propandiol transformations. With glycerol
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110 B. ZAGALAK and J. PAWELKIEWICZ (81

it was practically inactive during 10 min. incubation, but gave traces
of B-hydroxypropionic aldehyde when the sample was incubated for
30 min. Under these conditions the 1-methyladenosyl analogue was
inactive. Nevertheless, the Nf-methyladenosyl analogue appeared to be
a competitive inhibitor in the reaction with coenzyme B;,. The inhibition
index for this compound was 1.4, indicating an almost identical with
coenzyme By, affinity to the apoenzyme.

The relation of the amount of acetaldehyde formed from ethylene
8lycol, to the concentration of the N6-methyladenosyl analogue in the
Lineweaver-Burk plot is shown in Fig. 3a. The graphically determined
Michaelis constant defining the dissociation constant of the apoenzyme-
-coenzyme- complex (K’,) was 4 X 10-7m. The K’,, for coenzyme By, for
the same reaction was found to be identical: 4 X 10~7m (Fig. 3b). In the
reaction with propandiol the K’,, value for N%-methyladenosyl analogue
was 2.5 X 1077M, and for coenzyme By, 1.4 X 10-7m (Fig. 4a,b),

a b
4+ 4
e

3t W3t
o $
5, |
= Kp=dx10""M Kpy=4x10""M

1 V=16 1} V=143

| L 1 | !

7 R L
1/[Coenzyme By ](Mx10°

/ 7/V1 I 1 1 1

=3 _1/k 2 4 6 8 R .
77 4Y[o-54d (N®-MAdo)-DMBIA-cobamide] (m<10"?)

2}

(XY=

2

Fig. 3. Lineweaver-Burk plot of acetaldehyde formation vensus: (a), Co-5"-d(N*-

-MAdo)-DMBIA -cobamide and (b), coenzyme By, concentration. Conditions: 50 pmo-

les of ethylene glycol; 0.2 ml. of 0.2 m-potassium phosphate buffer, pH 8.0; 1.6 mg.

of protein and Co-5"-d(N®~-MAdo)-DMBIA-cobamide or coenzyme Bjs at concen-

trations indicated, in a final volume of 1 ml., were incubated for 10 min. at 37°.

Acetaldehyde was determined according to Béhme ‘& Winkler [3]. The concentra-
tions of acetaldehyde are given in extinction units.

Kn=25%10""M
V=17

Kn=14x10""M
V=20

1 1 1 1 - ki
A8 R R S G 0 T
1/[Coenzyme By ] (Mx107)
Fig. 4. Lineweaver-Burk plot of propionaldehyde formation versus: (a), Co-5'-
-d(N®-MAdo)-DMBIA-cobamide and (b), coenzyme B;» concentration. Conditions
as in the experiment shown in Fig. 3 except that 1,2-propandiol instead of ethylene
glycol was used as substrate.
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191 ANALOGUES OF COENZYME By, 111

indicating similar affinity of coenzyme B;, and the analogue to the
enzyme. In spite of very similar values of the dissociation constants of
the complex of apoenzyme with coenzyme By, and with the analogues,
the maximum velocity (V) of the reaction with ethylene glycol was 14.3
extinction units for coenzyme By, but only 1.6 for N6-methyladenosyl
analogue (Fig. 3). It seems, therefore, that the apoenzyme-coenzyme B,
complex is much more active than the apoenzyme-analogue complex.
The results of kinetic studies of the reaction of propandiol (Fig. 4)
showed similar relations.

The suggestion that the two enzyme complexes differ in their
catalytic activity was confirmed by the Michaelis constant values for
propandiol determined in the presence of an excess of the methylated
analogue and coenzyme By, (Fig. 5a,b). These K”, values were, res-
pectively, 3.1 X 10~%M and 1.1 X 10~*m, differing by one order of

a s b
3 06+ i
o) $
22 » 04 4
= Kp=11x10"3M Kn=31x107*M

V=105 02 V=t
| Il 1 / 1 1 1 1 1 1

1
1 2 2 28
1/[4.2- Propandiol] (m~10")

4 g 2 B
4/[.2-Propandiol] (M<10)

Fig. 5. Lineweaver-Burk plot of propionaldehyde formation versus 1,2-propandiol
concentration in the presence of: (a), Co-5"-d(N®-MAdo)-DMBIA-cobamide and (b),
coenzyme Bys. Conditions as in the experiment shown in Fig. 3 except that in
(a) 3.8 pm-moles of the analogue and in (b) 0.1 um-mole of coenzyme Bz were used.

magnitude. Hence it appears that Co-5"-d(N®-MAdo)-DMBIA-cobamide
gives with apoenzyme a complex that is equally stable as the one formed
with coenzyme Bj,, but the holoenzyme formed is catalytically many
times less active than the matural complex. These kinetic data are
summarized in the scheme:

Apoenzyme + coenzyme B> = Holoenzyme (K 7= 1077)

analogue of . _ Analogue of

i ! 107
coenzyme B> holoenzyme (Km =~ 1077)

Apoenzyme +

Substrate + holoenzyme ‘—; Substrate- —- Product + holoenzyme (K, =~ 1074)
-holoenzyme

I ¢ Substrate- I ¢
Substrate + 2nalogue of .} . aiogue of | — Product + 22 e O R e 1073)
holoenzyme holoenzyme holoenzyme

Co-5"-d(1-MAdo)-DMBIA-cobamide and Co-5"-d(N6-MAdo)-DMBIA-
-cobamide differed from coenzyme Bjy (Co-5"-dAdo-DMBIA-cobamide)
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only in having an additional methyl group in position 1 or N6 of adenosine.
The first one was completely inactive, the second was only weakly
active as coenzyme. Each, however, possessed the ability to combine
with apoenzyme like coenzyme By,.

It seems that the following tentative proposition may be advanced
concerning the relation between the activity of coenzyme By, and its
structure. The mitrogen N; of the adenosyl group seems to play an
essential role in the coenzymic function. Adenosine N; nitrogen is known
to possess the highest density of electrons and to undergo protonation
most readily [6, 12], and it seems that in coenzyme B, the N; may be
the .site at which the coenzyme is attached to the substrate or to the
apoenzyme, this binding being essential for its activity. For instance,
combining with apoenzyme it may give rise to appropriate conformaticn
of the protein, which is mot formed when the coenzyme combines with
apoenzyme through other functional groups. Therefore the blocking of
nitrogen N;, e.g. by means of a methyl group, abolishes the catalytic
ability of the complex. These suggestions seem to be supported by the
fact that Co-5"-deoxyinosine-DMBIA-cobamide, i.e. deaminated coenzy-
me By,, containing inosine in the place of the adenosyl residue, was also
inactive [22]. Inosine in the lactam form is not protonated in position 1,
but, as shown by the experiments on methylation, possesses the highest
electron density in position 7 [12]. The adenosine amino group of coen-
zyme By probably plays a less important role, as it was found that its
substitution by a methylamino group does not abolish the catalytic
properties of the compound, although it results in their marked decrease.
This reduced activity may be due either to a spatial obstacle or to
increased basicity of the amino nitrogen. The data presented are too
scarce to justify more than a tentative suggestion on the coenzyme By,
function, and further experiments on other analogues of coenzyme B,
are required.

SUMMARY

The synthesis and properties of two analogues of coenzyme By, con-
taining 1-methyladenosine or N6-methyladenosine in the place of adeno-
sine, are described. The influence of the analogues on enzymic transfor-
mation of glycerol into p-hydroxypropionic aldehyde and of ethylene
glycol and 1,2-propandiol into acetic and propionic aldehydes, respec-
tively, was studied. Both analogues proved to be strong competitive
inhibitors of the reaction of glycerol. The l-methyladenosine analogue
was also inactive in the transformation of diols, which was catalysed by
the N6-methyladenosyl analogue. The dissociation constants of complexes
of apoenzyme with both analogues and with coenzyme B, were of the
same order (K’,=10"7 m). The apoenzyme-coenzyme By, complex was
much more active than the complex of apoenzyme and the N6-methyl-
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11 ANALOGUES OF COENZYME Bis 113

adencsyl analogue. K”,, for 1,2-propandiol was 3.1 X 10~%m, and in the
presence of the N-methyladenosyl analogue, 1.1 X 10~ m. The relation
between coenzymic activity and chemical structure of coenzyme By is
discussed.
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SYNTEZA 1 WEASNOSCI ANALOGOW KOENZYMU B;» METYLOWANYCH
W CZESCI ADENOZYLOWEJ CZASTECZKI

Streszczenie

Opisano synteze i wlasno§ci dwéch analogéw koenzymu Bjs zawierajgcych
w miejsce adenozyny odpowiednio \1-metyloadenozyne i N¢-metyloadenozyne. Zba-
dano wplyw tych analogéw na enzymatyczne przeksztalcenie glicerolu w aldehyd
[p-hydroksypropionowy oraz glikolu etylenowego w aldehyd octowy & 1,2-propan-
diolu w aldehyd propionowy. Oba zwiazki okazaly sie inhibitorami kompetytyw-
nymi w reakcji glicerolu. Analog zawierajgcy l-metyloadenozyne byl takze nie-
aktywny w przemianie dioli, natomiast analog z N®-metyloadenozyng katalizowat
te reakcje. Stalte dysocjacji kompleks6w apoenzymu z analogami jak i z koenzymem
Bjs sg tego samego rzedu (K’m 10—7 m). Kompleks apoenzymu z koenzymem Bjs
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jest aktywniejszy od kompleksu apoenzymu z analogiem N®-metyloadenozylowym.
Stata Michaelisa dla reakcji przemiany 1,2-propandiolu w aldehyd propionowy
W obecnosci koenzymu By, wynosi 3.1 X 10— M, za$ w obecnosci analogu z N®-me-
tyloadenozyng 1.1 X 10—%m. Przedyskutowano zaleino§é aktywnosci koenzymatycz-
nej koenzymu By od.jego budowy chemicznej,

Received 11 August 1964.
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SEPARATION OF PROTEINS FROM PROPIONIBACTERIA
ON CELLULOSE ION EXCHANGERS

Department of Biochemistry and Department of General Chemistry,
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The purpose of this study was to develop a method suitable for the
separation of proteins from Propionibacteria on cellulose ion exchangers.
As control of reproducibility of results and for the identification of
fractions, the activity of two hydrolytic enzymes, namely alkaline phos-
phatase and g-galactosidase, was assayed. The bacteria ‘were grown on
two culture media, one containing glucose and the other lactose as energy
sources. Lactose was applied to induce the formation of pg-galactosidase
by Propionibacteria.

EXPERIMENTAL

Organisms. The following strains were used: Propionibacterium sher-
manii (National Collection of Dairy Organisms, no. 839), P. freudenreichi
(American Type Culture Collection, no. 6207), P. petersoni (A.T.C.C.,
no. 4870) and P. arabinosum (A.T.C.C., no. 4965).

Cultures of the bacteria were carried out according to Zodrow & Pa-
welkiewicz [14] in media containing casein hydrolysate and glucose or
lactose, and the acid produced during growth of bacteria was meutralized
with aqueous solution of ammonia. The cultures were centrifuged and
each bacterial pellet divided into two parts. One was used to prepare
the acetone powder by the method described by Bartosinski [1], the
other was dried in a thin layer on a glass plate at room temperature
and then ground manually for 4 hr. in a porcelain mortar with powdered
glass.

Substrates. Tetraacetyl-a-bromogalactose was obtained by the method
of Pasternak et al. [11], and p-nitrcphenyl-g-p-galactopyranoside by
a method based on the procedure of Glaser & Wulwek [4] for the syn-
thesis of o-nitrophenyl derivative of glucose. Phenolphosphoric acid was
obtained by the method described for p-nitrophenylphosphoric acid [6].

Ionites. Carboxymethyl(CM)-cellulose and diethylaminoethyl(DEAE)-
-cellulose were prepared according to Ellis & Simpson [3], the synthesis
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-of 2-chloro-N,N-diethylaminoethyl hydrochloride being carried out aiter
Hall & Stephenson [5]. The obtained CM-cellulose contained 0.65 mEq.
per gram and DEAE-cellulose 0.70 mEq. per gram. Phosphato(P)-ce!lu-
lose prepared by the method of Peterson & Sober [12] contained 0.55 mEq
per gram.

Analytical methods. The extinctions were measured in a Pulfrich
photocolorimeter equipped with an Elpho attachment.

Protein was determined by the phenol Folin reagent after Lowry
et al. [7], the extinction of the sample being read at 660 mu. Ovalbumin
(Nutritional Biochem. Corp., Cleveland, Ohio, U.S.A.) was wused as
standard.

' p-Galactosidase activity was measured 'by incubating 5 ml. of a solu-
tion containing 2.5 mg. of p-nitrophenyl-g-p-galactopyranoside dissolved
in 0.01 m-phosphate buffer of pH 6.8, with 0.2 to 3.0 ml. of protein solu-
tion, and the whole adjusted to 8 ml. with the same buffer [13]. The
incubation was carried out for 1 hr. at 40°, and the reaction was stopped
by adding two drops of concentrated NaOH solution; the amount of
p-nitrophenolate released was determined at 420 muw, against a blank
sample containing no protein. A solution of p-nitrophenol in 0.01 M-phos-
phate buffer of pH 6.8, adjusted to pH about 11 by adding several drops
of NaOH, was used as standard. The unit of galactosidase activity was
defined as that amount of enzyme which caused the liberation of 1 ng. of
p-nitrophenol during 1 hr. incubation.

Alkaline phosphatase activity was measured in an incubation mixture
consisting of 1 ml. of a solution containing 2 mg. of phenolphosphoric
acid in 0.01 M-phosphate buffer, pH 9.4, and 0.2 to 3.0 ml. of protein
solution, the whole being brought to the volume of 5.5 ml. with the same
buffer [9]. Another sample containing no phenolphosphoric acid was
prepared simultaneously. After incubation for 1 hr. at 38°, the Folin
reagent was added and both samples were left for 1 hr. in the refrigera-
tor; then the extinctions at 660 mu were determined. In this way in the
first sample the phenol liberated during incubation was determined
together with the protein present in the sample, and in the second one
only protein was determined. The difference between the two values
gave the amount of liberated phenol. Analytic grade phenol (Fabryka
‘Odczynnikéw Chemicznych, Gliwice, Poland) dissolved in 0.01 M-phos-
phate buffer, pH 9.4, served as standard. The unit of phosphatase activity
was defined as that amount of enzyme which liberated 1 ng. of phenol
from the substrate during 1 hr.

RESULTS

Protein extraction. One to three grams of acetone-dried or air-dried
bacteria were ground in a mortar and 40 to 80 ml. of appropriate buffer
or water was added. The thoroughly homogenized suspension was left
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for 16 hr. at 0° and then centrifuged for 10 min. at 5° at 26 000 g. The
clear or only slightly opalescent yellowish supernatant was dialysed
in a cellophane tubing for 24 hr. at 2 - 3° against the same buffer. If the
extraction was carried out with water, dialysis was [performed against
the solution which was to be used for initiating elution from the column.
A small amount of precipitate which sometimes formed was removed
by centrifugation and the protein solution was submitted to chromato-
graphic separation.

Column chromatography. One to three grams of cellulose exchanger
were suspended in 100 ml. of a buffer of the same pH and ionic strength
as that used for extraction, or in water. The suspension was poured
into a chromatographic tube closed at the lower end with a plate of Jena
sintered glass G-2. The height of the column varied between 20 and
90 mm. depending on the amount of exchanger used, the diameter being
15 to 20 mm. The excess of fluid was allowed to flow out so that only
a top layer of 1-2 mm. was left.

The bacterial protein solution was transferred to the tube very care-
fully to avoid stirring up the evenly distributed exchanger. The adsorbed
proteins were eluted using stepwise and continuous pH gradient or ionic
strength gradient procedures. The continuous gradient elution was per-
formed according to the method of Parr [10] using two or more con-
nected vessels. The separation which lasted from 4 ito 10 hr. was per-
formed at room temperature. The flow-rate was 2 - 8 ml. per minute, re-
gulated by changing the pressure from 50 to 150 mm. water. The volume
of the fractions ranged from 5 to 15 ml., and 100 to 200 fractions were
collected by means of a fraction collector. The elution of the protein
adsorbed on the cation exchangers, CM- and P-cellulose, with the two
procedures gave unsatisfactory and non-reproducible separation, and the
enzymes were inactivated. With a buffer of increasing pH, nearly 90%
of protein was eluted in one peak and the remainder in 4 - 6 very small,
indistinet and enzymically inactive fractions. The pH values of the efflu-
ent were either higher or lower that the pH of the eluent. Also when
neutral salt solution (NaCl) was used as eluent, the pH of the effluent
changed from 7 to less than 2; about 85% of the protein was eluted in
the first peak, and the remainder in several indistinct, enzymically inac-
tive fractions. With buffers consisting of weakly dissociated acids and
salts the changes in pH values were less marked but still apparent.
Very strong buffering of the cationite, which theoretically should assure
the stability of the pH, diminished as a mule the adsorption capacity of
the exchanger or lead to its complete loss at pH mear 7.

The separation on DEAE-cellulose in the OH form gave results
similar to those obtained with CM-cellulose and P-cellulose. Anions were
exchanged by the OH ions causing a sharp increase in pH, outflow of
almost all the protein, and usually inactivation of the enzymes. Chroma-
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tography on DEAE-cellulose in the CI” form, from which the adsorbed
proteins were eluted with a pH gradient, gave similar results. When
the eluents were buffered too strongly, the adsorption ability was practi-
cally abolished.

Distinet and reproducible separation of proteins could be obtained
only on DEAE-cellulose in the Cl form using stepwise ionic strength
gradient elution at constant pH 7. The ionic strength was changed by
increasing the concentration of the phosphate buffer and by adding
sodium chloride. Fig. 1 represents the separation of proteins extracted
from acetone-dried P. shermanii grown on the lactose medium. Nine

2o |mlmlm’ 025 ,w25J a% 15l20 u-0002,00%5 005 010 025 050 | 075 15 20,
1000 | |V Iy | i “ [ | | | i
SO AL = ]
| | | |
s |- i 41 3 ' U
£ ,‘ ’V” | | # 0z} |
0222H | || 0155 |- | I
|
a7 H ; .l
; 008 |- , J\ x .
\ : W, A W1,
B Al 10 00 120 0 0 20 0 7] 50
Fraction no (15 ml) Fraction no.(15ml)
Fig. 1 Fig. 2

Fig. 1. Stepwise elution on a DEAE-cellulose column of proteins from acetone-dried
P. shermanii. Acetone powder, 3 g., was extracted with 60 ml of phosphate buffer,
ionic strength 0.002 p, pH 7, the cells were removed by centrifugation and the
extract containing 0.37 g. of protein was dialysed against the same buffer. A tube
50 mm, high was filled with 2 g. of DEAE-cellulose (C1 form) suspended in the
same buffer. Stepwise elution was carried out with phosphate buffers, pH 7, at
ionic strengths from 0.002 u to 0.1 p, and at ionic strengths above 0.2 p with the
addition of appropriate amounts of NaCl. Flow-rate about 7 ml./min, Ionic strength
of the eluent in this and subsequent Figures is indicated in the upper part of the
Fig. 2. Rechromatography of peak I in Fig. 1 (eluted with 0.002 p solution). Protein
solution from peak I, 75 ml. (fractions 4 - 8), was dialysed against phosphate buffer,
p 0.002, then concentrated to 30 ml. and applied on the column of 1 g. DEAE-
-cellulose (C1~ form). Stepwise elution was performed in the same way as for the
primary chromatognaphy.

protein fractions were obtained from each of the four Propionibacteria
strains studied. Attempts at further separation by increasing the number
and changing the composition of the eluents, were unsuccessful. The
results obtained for bacteria grown on the lactose medium were prac-
tically the same as when the glucose or fructose medium was used.
The rechromatography of the obtained protein fractions was perfor-
med under the same conditions and with the same eluents as the primary
separation. Protein solutions from a peak (3 - 15 fractions of 15 ml.) were
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dialysed, concentrated to about 20 ml. by ultrafiltration and then applied
on a DEAE-cellulose column. Dialysis and concentration were perfor-
med at 1° to avoid losses in enzymic activity. Peak I, similarly as the
whole protein, separated on rechromatography into nine fractions (Fig. 2)
which upon second rechromatography did not further separate. Other
protein peaks from the first column did not further separate upon re-
chromatography and were recovered in the same conditions (Fig. 3).

0002 0015005 010 025 050 075 45 20 p-00020065,0%5 010 025 050 075 15 20
1308 - 03981 |
2301k 0301 '
LJJZ!» _ 022}
ass - 0155 |
acc?Ir aog7

0 20 £l 40 50 0 0 20 %) 40 50

Fraction no (15ml) Fraction no.(15ml.)
a b

Fig. 3. Rechromatography of (a), peak V; and (b), peak VI, in Fig. 1 (eluted with
0.25 p and 0.50 p solution, resp.). Other conditions as for Fig. 2.

Peak I, which seemed to contain only the jprotein not adsorbed by the
exchanger, proved to be a mixture of all proteins present in the bacterial
extract submitted to separation. Presumably its non-homogeneity was
due to the fact that the protein solution applied on the column passed
through without being adsorbed until the ionite became saturated. By
increasing the amount of ionite in relation to protein and by uniform
distribution of the adsorbent in the column as well as by applying a slower
flow-rate, the protein content of peak I could be diminished; however,
even so it was mot possible to obtain a homogeneous protein.

All the separations were carried out on short columns of exchanger;
this facilitated the flow through the column and permitted a rapid
separation of proteins. Clean-cut elution of protein fractions could be
obtained with relatively small amounts of the exchanger and eluent
solutions. With longer columns, the separation was less distinct and
lasted longer.

Enzymic activity. The data pertaining to the distribution and activity
of alkaline phosphatase and p-galactosidase are summarized in Table 1.
Galactosidase was found in all strains grown in the presence of lactose
and was localized in peak VI of the chromatogram eluted at ionic strength
of 0.5 u. Moreover, small amounts were present in the peak I which, as
already mentioned, contained all the proteins of the studied mixture.
Peak V also contained trace amounts of the enzyme, this, however, may
be regarded as contamination by the neighbouring fraction; after rechro-
matography, peak V no longer contained any traces of the enzyme. The
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Table 1

Distribution and activity of alkaline phosphatase and p-galactosidase
in protein fractions from Propionibacteria
Proteins extracted from acetone-dried bacteria which had been grown on media
containing glucose or lactose, were separated on DEAE-cellulose column as

described under Methods. The enzymic activity in protein peaks was assayed
on three combined 15 ml. fractions indicated in the Table.

Ionic strength Protein Phosphatase | Galactosidase
Material of eluent Fractions no. concn.
(») (ng./ml.) (activity/mg. protein)
P. shermanii (grown in lactose medium)
Crude centrifuged : ] |
extract ‘ . 6200 | 15 106 |
Dialysed extract ‘ 5000 | 20 ; 140
Peak 1 0.002 <P T R 750 | 110 800
Peak I 0.015 13,814 013 | 30 0 0
Peak 111 0.050 27, 28, 29 85 | 125 0
Peak IV ‘ 0.100 40, 41, 42 115 | 600 0
Peak V 0.250 540185, /56 700 154 ‘ 10
Peak VI 0.500 79, 80, 81 730 0 | 3760
Peak VII 0.750 98, 99, 100 220 0 0
Peak VIII 1.500 109, 110, 111 60 0 [ 0
Peak IX 2.000 114, 115, 116 | 20 0 ‘ 0
P. shermanii (grown in glucose medium)
Crude centrifuged | | |
extract | 6300 ‘ 13 1 2
Dialysed extract 5300 | 16 3
Peak 7 0.002 B B ‘ 820 | 80 j 6
Peak 11 0.015 14, 15, 16 35 ‘ 0 0
Peak 1I/ 0.050 29, 30, 31 l 100 1 200 | 0
Peak IV 0.100 40, 41, 42 | 120 ‘ 690 ‘ 0 [
Peak V 0.250 53, 54, 55 { e £ U TR (RS TSN 0
Peak VI 0.500 80, 81, 82 750 0 0
Peak VII 0.750 96, 97, 98 250 l el 0
Peak ViII 1.500 108, 109, 110 60 | 0 | 0
Peak IX 2.000 114, 115, 116 28530 g i 0
P. arabinosum (grown in lactose medium) {
Crude centrifuged : | |
extract 6100 20 120
Dialysed extract 5000 40 150
Peak I 0.002 N4 S 800 | 120 , 750
Peak I/ 0.015 15 155 &) 0 ? 0
Peak 111 0.050 26, 27, 28 50 ‘ 0 0
Peak IV | 0.100 37, 38, 39 | 65 0 0
Peak V 0.250 1521553 690 840 0
Peak VI 0.500 Tl A8 179 610 ‘ 100 3900
Peak VII | 0.750 98, 99, 100 | 200 | 0 “ 30
Peak VIII 1 1.500 | 107, 108, 109 | 85 0 | 0
Peak X | 2000 | 115 ‘ 20 | oW | 0
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7 PRCTEINS FROM PROPIONIBACTERIA 121

activity of galactosidase per mg. protein in peak VI was 30 to 40 times
as high as in the crude protein extract. Cohen and Monod [2, 8] demon-
strated the induction of p-galactosidase in mormal strains of E. coli.
Similarly, the fact that Propionibacteria grown in the lactose-containing
medium form g-galactosidase seems to indicate induction of this enzyme
in Propionibacteria. In the glucose-containing medium the strains studied
did not form galactosidase. The presence of traces of this enzyme was
probably due to very small amounts of galactose present in the com-
mercial casein hydrolysates used for the preparation of the culture media,
which may have induced formation of some f-galactosidase.

The activity of alkaline phosphatase was found in three or two protein
fractions; in the main peaks the activity per mg. protein was 40 to 50
times as high as in the crude protein extracts. Phosphatases from P. sher-
manii, P. petersoni and P. freudenreichi were located in peaks III, IV
and V, the greatest amount being present in peak IV. Phosphatase from
P. arabinosum was eluted by a solution of a different ionic strength in
peaks V and VI, the majority being found in peak V.

The presence of the same enzyme in several protein fractions none
of which could be further separated on rechromatography may be re-
garded as confirmation of heterogeneity of alkaline phosphatases. As
regards P. arabinosum, the localization of phosphatase is another charac-
teristic in respect to which this strain, known from microbiological studies
to possess some distinctive properties, differs from other Propionibacteria.

SUMMARY

A method was developed for separating the proteins of Propionibac-
teria on DEAE-cellulose column employing stepwise ionic strength
gradient elution at constant pH. The proteins of four strains of Propioni-
bacteria (P. shermanii, P. petersoni, P. freudenreichi and P. arabinosum)
were separated each into nine fractions in which g-galactosidase and
alkaline phosphatase activity were determined. f-Galactosidase activity
which was not present in Propionibacteria grown on glucose media could
be induced when the bacteria were grown on a lactose medium. The
distribution of phosphatase in P. arabinosum was different from that
in the remaining strains.
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ROZDZIAL BIALEK BAKTERII KWASU PROPIONOWEGO NA CELULOZOWYCH
WYMIENNIKACH JONOWYCH

Streszczenie

Opracowano metode rozdziatu biatek bakterii kwasu propionowego na kolum-
nach z DEAE-celulozg, stosujac elucje buforami o skokowo wzrastajacej sile jono-
wej przy stalym pH. Biatka szczepdw Propionibacterium shermanii, P, petersoni,
P. freudenreichi i P. arabinosum rozdzielono na 9 frakecji, w ktérych oznaczono
aktywnos§¢ f-galaktozydazy i fosfatazy alkalicznej. f-Galaktozydaza nie wystepo-
wala w szczepach hodowanych na pozywkach z glukozg, natomiast byla induko-
wana podczas wzrostu bakterii na pozywkach zawierajgcych laktoze. Rozmieszcze-
nie na chromatogramie fosfatazy bylo u P. arabinosum linne niz u pozostaltych
szczepow.

Received 15 August 1964.
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It often occurs that biologically active macromolecular substances
isolated by different methods show considerable differences in their pro-
perties. As far as the Vi-antigen is concerned, which is a bacterial poly-
saccharide composed mainly of acetylated aminogalacturonic acid
(2-amino-2-deoxy-p-galacturonic acid) [2], several isolation methods are
known; moreover, several bacterial species of Enterobacteriaceae may
serve as starting material. The most thoroughly hitherto examined are
two Vi-polysaccharide preparations from Escherichia coli, one isolated
by chemical fractionation by Webster et al. [11], and the other by conti-
nuous flow electrophoresis by Jarvis et al. [3]. The antigenic, immumno-
genic and some physical and chemical properties of these preparations
were compared [5], but their activity as Vi-phage receptors was not
studied. Our previous paper on the Vi-receptor from Salmonella typhi
indicated that not every Vi-antigenic material possesses the receptor pro-
perties [8]. It seemed therefore interesting to examine the receptor pro-
perties of the preparations of Jarvis and Webster, and to compare them
with the properties of a Vi-polysaccharide obtained from the same bac-
terial strain by a procedure worked out in this Laboratory.

MATERIALS

Vi-polysaccharide preparation from E. coli 5396/38, purified by etha-
nol fractionation in the presence of high concentrations of sodium chlo-
ride and heating in 0.1 M-acetic acid [10], was kindly supplied by Dr. Ma-
rion E. Webster (National Heart Institute, Bethesda, U.S.A.) and Dr.
M. Landy (National Cancer Institute, Bethesda, U.S.A.). This preparation
is denoted as Vi-W, according to the established nomenclature [5].

Vi-polysaccharide preparation from E. coli 5396/38, purified by con-
tinuous flow electrophoresis [3], was kindly given by Dr. T. G. Jarvis
(Department of Microbiology, Idaho University, Pocatello, U.S.A.). This
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preparation ‘s denoted as Vi-J, according to the established nomencla-
ture [5].

Vi-polysaccharide preparation from Salmonella typhi 21802 was puri-
fied by chromatography on erythrocyte stroma in this Laboratory [8].
and is denoted here as Vi-T typhi.

Escherichia coli 5396/38, kindly sent by Doc. Dr. T. Lachowicz from
the Hygienic Laboratory of the Army, Krakéw, Poland, was used for
preparation of Vi-T by a procedure described in this paper.

Vi-phage II type A [1] was obtained from the International Re-
ference Laboratory for Enteric Phage Typing, London, England.

Rabbit antiserum against Paracolon ballerup (serum anti-Vi) was pre-
pared by the National Reference Laboratory for Enteric Phage Typing,
Gdansk, Poland, and preserved with 0.2°0 phenol.

Reagents: Kieselgel G according to Stahl (Merck, Darmstadt, West
Germany); ninhydrin, crystalline bovine serum albumin, and Celite 535
(B.D.H., Poole, England); pancreatine (K and K Laboratories, New York,
U.S.A,; lot 18896 F); tubings for dialysis (Kalle, Wiesbaden, West Ger-
many). Other reagents were products of Fabryka Odczynnikéw Chemicz-
nych (Gliwice, Poland).

METHODS

Vi-receptor activity was estimated by the method previously descri-
bed [10].

Precipitin test was carried out after Landy & Webster [6]. The protein
in the precipitate was determined according to Lowry et al. [7], crystalline
bovine serum albumin being used as standard.

Haemagglutinin test was carried out as described in the previous
paper [8].

Immunoelectrophoresis was carried out as described previously (8]
except that agar was prepared in 0.1 m-diethylbarbiturate buffer con-
taining 5 mm-MgCl,.

Specific viscosity was determined as described previously [8]. Ultra-
violet absorption spectrum was examined as previously except that Spek-
tromom 201 (Hungary) spectrophotometer was used.

Acetyl groups, acid polysaccharides and sugars were estimated by
the methods given previously [8]. '

Chromatography of hydrolysates was performed in the following way.
The Vi-preparation, 3 mg., was heated with conc. HCl in boiling water
for 2 hr., diluted with 2 ml. of distilled water and decolorized with a
small quantity of charcoal. Hydrochloric acid was eliminated by threefold
distillation in vacuo with small quantities of water; the residue was left
overnight over soda-lime. Two-dimensional thin-layer chromatography
was carried out on plates (75 X 120 mm.) covered with Kieselgel G, dried
for 2 hr. at 130°, 200 ug. of the hydrolysate being applied at a time.
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The chromatograms were developed twice in the same direction in the
system: n-butanol - acetic acid - water (4:1:5, by vol.), then once in
the other direction in the system: phenol - water (4:1, v/v) with 0.1%
cupron. The spots were located with 0.3% solution of minhydrin in
n-butanol acidified with acetic acid. One-dimensional thin-layer chroma-
tography was carried out on plates (26 X 75 mm.), 100 ug. of the hydro-
lysate being applied at a time. The chromatograms were developed
twice in the system: n-butanol - acetic acid - water (4 :1:5, by vol.) or in
the system: phenol - water (4: 1, v/v) with 0.1% cupron. The spots were
located with aniline oxalate.

RESULTS

Isolation of Vi-polysaccharide from E. coli by chromatography
on erythrocyte stroma

Preparation of acetone-dried bacteria. The bacteria (E. coli 5396/38) -
were cultured on 2.5% agar medium on meat broth containing 19 of
peptone (Mikrokolor, Poland) in Petri dishes, 20 cm. in diameter. Ten
turbid bacterial colonies giving strong agglutination with anti-Vi serum
were suspended in meat broth. After incubation at 30° for 1 hr., the
suspension was plated on Petri dishes. After incubation at 30° for 20 hr.,
the bacteria were quickly washed off from the agar surface with 15 ml.
water and the suspension was immediately poured into 3 vol. of acetone.
After 1 hr. the supernatant was decanted and the bacteria were centri-
fuged at 2200 g for 3 min. The sediment was suspended in acetone and
left overnight at 37°. During the next 3 days acetone was changed daily,
and the bacterial material was subsequently air-dried. The yield from
25 Petri dishes (i.e. from 5 litres of agar medium) amounted to about
10 g. of acetone-dried material.

Preparation of crude Vi-polysaccharide. One part (weight) of acetone-
~dried bacteria was shaken with 100 parts of 0.9%/0 NaCl solution for
30 min. at room temperature and centrifuged for 15 min. at 12 000 g. To
the supernatant, 3 vol. of acetone were added. The precipitate was cen-
trifuged for 3 min. at 2200 g, washed with acetone and dried. The yield
of this preparation amounted to about 20% of the weight of dry bacteria.
Examined in the haemagglutinin test with anti-Vi serum, it possessed
about 20 times higher activity per weight unit than the corresponding
material from S. typh: [8].

Acetone precipitation at pH 5 and pancreatine digestion. The crude
preparation, 3 g., was suspended in 30 ml. of 0.01 N-acetic acid and was
shaken for 1 hr. The yellowish fluid was adjusted to pH 5 with 1 N-acetic -
acid, mixed with 300 ml. of acetone, left for 1hr. in the refrigerator
and centrifuged at 2200 g for 15 min. The inactive supernatant was
discarded and the sediment suspended in 170 ml. of PBS (phosphate-
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-buffered saline: 0.80 g. NaCl, 0.22 g. KCI, 0.29 g. Na,HPO,-12H,0,
0.02 g. KH,PO;, 0.01 g. CaCl, and 0.01 g. MgCly,-6H,O per 100 ml.).
Pancreatine solution (100 mg./25 ml. PBS) was added and the mixture
was dialysed against 2 litres of PBS at 39° in a rotating bag, under
toluene, PBS being changed every hour. After 4 hr. the mixture was
dialysed ovemnight against running tap water, filtered to remove the
toluene, adjusted to pH 3 with acetic acid and mixed with 3 vol. of
ethanol, and with sodium acetate to 0.1°/0 concentration. The mixture
was kept for 1 hr. in the refrigerator, then the sediment was collected
by centrifuging at 2200 g for 5 min., washed three times with 90%%
ethanol, dissolved in about 300 ml. of 0.1 M-NaCl and adjusted to pH 63
with a solution of sodium bicarbonate. If opalescent, the mearly colour-
less solution was centrifuged for 30 min. at 18 000 g and the slight
sediment was discarded. The clear solution was completed to 1 litre
with 0.1 M-NaCl and left in the refrigerator, ready for chromatography.

Chromatography on erythrocyte stroma. The column, filled with
human erythrocyte stroma set on Celite 535 was prepared as described
in the previous paper [8], with the exception that a larger column
(7 X 13.5 cm.) containing 100 ml. of stroma and 200 g. of Celite was used.

01M-NaCl ,  Water

s 7 64

NN

&  Sugars (ug./ml.)

1 ]
3 8
Haemagglutination (10° units/ml.)

Fig. 1. Chromatography of the crude prepara-

tion of Vi-polysaccharide from E. coli on the

erythrocyte stroma - Celite 535 column. (N),

7 “ 2 Haemagglutination; ([J), contents of sugars, esti-
Fraction no. (50ml.) - mated by the anthrone method.

o

LI TRTRhT

(45}
o

‘The preparation, 200 ml., was introduced slowly into the column,
followed by 20 ml. of 0.1 m-NaCl. The column was left overnight to per-
mit the full adsorption of the Vi-polysaccharide and was then eluted with
0.1 M-NaCl; 50 ml. fractions of the effluent were collected, the flow-rate
being adjusted to one fraction per 8- 10 min. The effluent was tested
for sugar by the anthrone method and for Vi-substance by haemag-
glutination with anti-Vi serum or by the turbidimetric method. It is
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worth mentioning that Vi-polysaccharide is not detected by the anthrone
test, hence sugars estimated by this test correspond to contaminations.
The elution was continued until the effluent contained no sugar, then
the column was eluted with bidistilled water (Fig. 1). The fractions
containing the Vi-activity were pooled, dialysed overnight against
distilled water and concentrated in wacuo. After addition of NaCl to
obtain 0.1 m concentration, a slight quantity of the insoluble was removed
by centrifugation for 30 min. at 18 000 g. This preparation did not con-
tain sugars detected by the anthrone test, but still possessed a slight
quantity of substances reacting with the Folin reagent in the method
of Lowry et al. These substances were removed by subsequent rechro-
matography. The material obtained from two chromatographic runs, in
the volume of 200 ml., was rechromatographed. The active fractions
were pooled, dialysed overnight against distilled water, concentrated
in vacuo to a volume of 20 ml. and mixed in the cold successively with
20 ml. of 6 m-formic acid, and 120 ml. of ethanol. As there was no preci-
pitate at this stage, 200 ml.. of ethyl ether were added in the cold, and
the mixture left for 1 hr. in an ice bath. The precipitate formed after

10

Fig. 2. UV-speotrum of the Vi-polysaccharide [

preparation from E. coli purified by chromato-

graphy on erythrocyte stroma (Vi-T). Condi-
tions: 0.25% water solution, 1 cm. cell.

| | Il 1
240 260 280 300

Wavelength (mu)

the addition of ethyl ether was spun down, dissolved in 20 ml. of water,
dialysed against distilled water for 2 days, centrifuged for 30 min., at
120009 and lyophilized. This preparation was called Vi-T; its yield
amounted to about 1° of the dry bacterial weight and was 20 times
higher than that of Vi-T typhi [8].

Some properties of Vi-polysaccharide preparations

Vi-T did not contain protein, sugars detectable by the anthrone test,
nor contaminations derived from nucleic acids: it did not show any peak
at 260 mu (Fig. 2). The preparation possessed 19% of acetyl groups.
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Its specific viscosity amounted to 0.48. The specific viscosities of Vi-W,
Vi-J and Vi-T typhi amounted to 0.37, 1.04 and 0.24, respectively, in
agreement with the data found in the literature [11, 3, 8].

All four preparations were subjected to hydrolysis with conc. HCI.
Two-dimensional thin-layer chromatograms of the hydrolysates were
sprayed with ninhydrin (Fig. 3). The most intensive spot on all chromato-
grams corresponded to aminogalacturonic acid, the main component of
the preparations examined. In all chromatograms a distinct yellow spot
corresponding to an unidentified substance was found. The chromato-
grams of Vi-J, Vi-T and Vi-T typhi hydrolysates were almost identical,
while the Vi-W preparation contained a larger number of components.
The chromatograms of hydrolysates obtained in milder conditions
(4 n-HC], 17 hr., 100°) contained all ninhydrin-positive spots shown in
Fig. 3 except the unidentified yellow spot, which might represent an
artifact due to the drastic hydrolysis conditions. The aminogalacturonic
acid spot wias much fainter than after hydrolysis with conc. HCI

One-dimensional thin-layer chromatograms of the conc. HCl hydro-
lysates developed in the two solvent systems and sprayed with aniline
oxalate showed only the aminogalacturonic acid spot.

The examination of the antigenic activity by the quantitative preci-
pitin test (Fig. 5) showed that the four preparations are nearly equi-
valent as regards their bindif® of Vi-antibodies.

The immunoelectrophorograms of the (preparations are shown in
Fig. 4. Each preparation contained two fractions antigenically identical
but differing in electrophoretic mobility, which may be related to
differences in their molecular weight. Vi-J and Vi-T, isolated by
different methods, gave very similar results. The strong inflection of
the precipitin bands of the slower moving fraction of Vi-J and Vi-T
might indicate their high molecular weight. It is worth to recall that
the receptor activity was found only in the slower moving fraction of
Vi-T typhi [8]. When the electrophoresis was performed as presented
in Methods but with MgCl, omitted, the separation of the fractions
was somewhat less distinct. The addition of sodium versenate to 5mwm
concentration resulted in the trailing of the preparation during electrs-
phoresis.

Vi-phage receptor properties of Vi-polysaccharides

Till now, the ability to bind Vi-phage II was studied on the Vi-poly-
saccharide from S. typhi. In the present study, three Vi-preparations
from E. coli (Vi-W, Vi-J and Vi-T) were examined and compared with
a Vi-T typhi preparation. Although all four preparations had similar
antigenic properties, they showed differences in receptor activity to Vi-
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Fig. 3. Two-dimensional thin-layer chromatography of the hydrolysis products
of Vi-polysaccharide preparations (conc. HCl, 2 hr., 100°). I direction: n-butanol -
acetic acid - water (4:1:5, by vol), twice; II direction: phenol - water (4:1, V/v)
and 0.1% of cupron. The spots were located with ninhydrin. (1), Brown spot of
aminogalacturonic acid; (2), yellow spot; other spots were violet.

Vi—-W
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Vi- Ttyphi
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Fig. 4. Immunoelectrophorograms of Vi-polysaccharide preparations in agar gel,
pH 8.6, developed with anti-Vi serum.
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-phage II (Table 1). Vi-W exhibited mo activity; Vi-T and Vi-J both
possessed considerable receptor activity but it was markedly lower than
in Vi-T typhi.

Table 1

Receptor activity of Vi-polysaccharide preparations

The figures represent mean values from two estimations. For conditions see text.

627 |
Preparations Recept.or activity |
(units/mg.)
L View 0 |
| Vi-J 185
i Vi-T 270 \
| Vi-T typhi 500 |
800 |~ =
a
L]
0
—~ 600} o - .
(=]
= .
o
8 awof- ;i =
(S
<
200+ =
| L ! I A, I ! 1 ! U
0 20 30 40 50 2] 2 30 40 50
Vi-preparations (1g) Vi-preparations(pg)

Fig. 5. Precipitation of Vi-polysaccharide preparations by the same anti-Vi serum.
(m), Vi-W; (O), Vi-J; (@), Vi-T; (0), Vi-T typhi.

The Vi-polysaccharide isolated from S. typhi loses its receptor activity
in the course of incubation with Vi-phage II, probably as the result of
the phage enzyme action [4]. To find whether the Vi-receptor isolated
from E. coli also undergoes this process, the preparaticns (100 receptor
units/ml.) were incubated with Vi-phage II (2 X 10" particles/ml.) in
0.1 M-ammonium acetate at 37°. Every 15 min. a sample was taken,
heated for 2 min. at 100° to inactivate the phage, and the receptor
activity was estimated. For the detailed description of the procedure
see [9]. The results of these experiments (Fig. 6) indicate that the Vi-
-receptor from E. coli is also destroyed by Vi-phage II. The initial rates
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8

Receptor activity (units/ml )
3
T

Fig. 6. The destruction of Vi-receptor acti-

vity of (O), Vi-J, (@), Vi-T; and (0J), Vi-T

) i 5 it typhi in the course of incubation with Vi-

30 50 9 -phage II (2 X 10'*/ml.) at 37° in 0.1 M-ammo-
Time(min.) nium acetate.

of the destruction of the Vi-receptor -activity , were different and
amounted approximately to 40, 50 and 60 receptor units per ml. per
30 min. for Vi-J, Vi-T and Vi-T typhi, respectively.

DISCUSSION

The degree of purification of three preparations from E. coli (Vi-W,
Vi-J and Vi-T) and one from S. typhi (Vi-T typhi) was roughly similar
as can be concluded from their antigenic activities in the precipitin
test. The chromatographical examination of their acid hydrolysates
showed great similarity of the Vi-J, Vi-T and Vi-T typhi preparations,
while Vi-W had a larger number of ninhydrin-positive components. The
similarity of Vi-J and Vi-T, prepared from E. coli by different methods,
to Vi-T typhi suggests a high degree of purity of these preparations;
the ninhydrin-positive components seem to correspond to the compo-
nents of the mative Vi-macrocomplex. The similarity of Vi-J and Vi-T
is confirmed by the results of immunoelectrophoresis; on the other hand,
the ultraviolet absorption spectrum shows that Vi-T in contrast to
Vi-J [3], is not contaminated by mucleotides.

Webster et al. [12] examining the Vi-W preparation by free electro-
phoresis demonstrated its homogeneity; also the Vi-J preparation was
found by Jarvis et al. [3], applying continuous flow electrophoresis, to
be homogeneous. On the other hand, the same preparations when
subjected to immunoelectrophoresis in agar-gel revealed the presence
of two fractions each. This discrepancy requires further examination.

It is very difficult to ascertain the native state of Vi-T. This prepara-
tion cannot be compared with Vi-W because the latter was shown to
undergo partial depolymerization and deacetylation during isolation [5],
but it can be compared with Vi-J. However, Vi-J was obtained from
bacteria growing in liquid medium while Vi-T was isolated from
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bacteria growing on solid medium and this could have an effect on the
polymerization degree. The acetyl group contents are difficult to com-
pare owing to the different methods used for their estimation. The mild
procedure of Vi-T isolation and the high receptor activity of this prepara-
tion may speak for its mative state.

The results of receptor activity estimations deserve special attention.
It has been shown that in spite of its high antigenic activity, Vi-W does
not bind Vi-phage II at all. It seems that this is due to the isolation
procedure. A drastic drop in receptor activity was observed in the
course of heating with acetic acid [8] which constitutes an essential step
of Vi-W isolation.

In further experiments it was found that the preparations from
E. coli possessing the receptor activity (Vi-J and Vi-T) are losing this
activity during incubation with Vi-phage II, similarly as Vi-T typhi.
Somewhat different rates of destruction of the receptor activity of the
preparations may be connected with their different viscosities, the lower
rate corresponding to more viscous solutions. Should the destruction of
receptor activity due to phage action be an enzymic reaction, which
however is mot yet proved, all the three active preparations could be
regarded as substrates of the same phage enzyme.

The authors wish to express their cordial thanks to Dr. Marion E. Web-
ster from the National Heart Institute, Bethesda, U.S.A., Dr. M. Landy
from the National Cancer Institute, Bethesda, U.S.A. and Dr. F. G. Jarvis
from the Department of Microbiology, Idaho University, Pocatello,
U.S.A. for the samples of their Vi-preparations; to Doc. Dr. T. Lachowicz
for sending the strain of E. coli 5396/38; and to Prof. Dr. Z. Buczowski
for this interest, throughout the experiments. We are also indebted to
Mrs. J. Zabina and Mrs. J. Starczewska for their wvaluable techmical
assistance.

SUMMARY

Highly purified Vi-polysaccharide was isolated from Escherichia coli
5396/38 by column chromatography on human erythrocyte stroma set
on Celite. This preparation (Vi-T) was compared with two Vi-poly-
saccharide preparations from the same bacterial strain, one isolated by
Webster et al. by chemical fractionation (Vi-W), the other isolated
by Jarvis et al. by continuous flow electrophoresis (Vi-J). Vi-J and Vi-T
possessed receptor activity in relation to Vi-phage II but Vi-W was
inactive. Vi-phage IR when incubated with! Vi-J{or Vi-T, destroyed
their receptor activity.); | |
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WLASNOSCI RECEPTOROWE WIELOCUKROW Vi IZOLOWANYCH
ROZNYMI METODAMI

Streszczenie

Z bakterii Escherichia coli 5396/38 wyizolowano znacznie o\zyszczony preparat

wielocukru Vi metods chromatografii na bonkach krwinek, osadzonych na celicie.
Preparat ten (Vi-T) poréwnano z dwoma preparatami wielocukru Vi, otrzymanymi
z tego samego szczepu bakterii, a mianowicie z preparatem otrzymanym metodg
chemicznego frakcjonowania przez Webster i wisp. (Vi-W) i z preparatem otrzyma-
nym metoda elektroforezy ciaglej przez Jarvisa i wsp. (Vi-J).

Preparaty Vi-J i Vi-T posiadaly aktywnos$é receptorowa w stosunku do bakterio-

faga Vi II, natomiast preparat Vi-W byl tej aktywnosci pozbawiony. Bakteriofag Vi II
inkubowany z preparatami Vi-J i@ Vi-T niszczyl ich aktywnosé receptorowa.

Received 27 September 1964.
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A number of investigators have reported an inhibitory effect of
basic proteins, as protamine, histones, lysozyme, ribonuclease [17, 18],
on the enzymes of mitochondrial respiratory chain as well as their
uncoupling effect on oxidative phosphorylation [3, 19, 12]. In this labora-
tory a mitochondrial basic protein (MBP) has been isolated by Rzeczycki
et al. [21] from hog kidney, and its inhibitory effect on electron transport
was demonstrated [20]. Wolfe & Mecllwain [23] have observed that in
brain slices in the cold the migration of histones from muclei to the
subcellular particles occurs, and reported the inhibitory effect of
histones [13,23] and protamine [15] on electric excitability. As the
excitability could be restored by polyacidic molecules or aggregates,
e.g. gangliosides, Mecllwain [15] assumed the bonding of protamine to
the acidic components of the subcellular particles.

The inhibitory effect on electron transport and uncoupling of oxi-
dative phosphorylation by basic proteins may be due to the binding of
these macrocations to mitochondria. This could also influence mito-
chondrial swelling. Recently [4] we have demonstrated that mitochondria
can bind basic proteins. This binding was overcome by ganglioside and
high salt concentrations and seems therefore to be of an ionic character.
In the present work, the effect of macrocations and macroanions on
mitochondrial swelling was studied.

MATERIALS AND METHODS

Wistar albino mats were starved for 24 hr., then killed by decapita-
tion. Liver and kidney mitochondria were prepared in 0.25 M-sucrose -
- 0.04 m-tris-HC1 buffer, pH 7.4. Mitochondria were centrifuged between
800 and 7000 g, washed three times and resuspended in sucrose-tris
solution.

Swelling of mitochondria was followed at room temperature by
measuring the decrease in extinction at 520 mu [6, 9], 1 cm. light-path
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cuvettes and Unicam spectrophotometer being used. The following
solutions were added to the cuvette: 10 - 100ul. of substances inducing
swelling; and 10 - 100 ul. of basic protein; the volume was made up to
2.9 ml. with 0.33 m-sucrose - 0.04 m~tris buffer, pH 7.4 [6] or 0.125 M-KClI -
- 0.04 m-tris, pH 7.4 [9], then at zero time 0.1 ml. of suitably diluted
mitochondria (about 500 wg. protein) was added. Initial extinction was
about 0.6. The extinction was measured every 2 min. during 30 min. of
incubation.

Binding of mitochondrial basic protein and mucin to mitochondria
was determined as described previously [4].

Mitochondrial basic protein (MBP) was prepared from hog kidney
as described previously [21], with a slight modification. To precipitate
protein by tannin from the sulphosalicylic acid extract, tannin to
protein ratio 20:1 was used instead of 2:1, because it appeared mecessary
to apply greater concentration of the tamnin preparation (Friedrich
August Thin, Germany) used in this work, to obtain satisfactory preci-
pitation of protein.

Ganglioside was prepared from bovine brain as described by Mcllwain
[14]). Hydrolysis of the ganglioside was carried out in 0.1 N-HySO; at 80°
for 1 hr., followed by dialysis [15]. The ganglioside preparation contained
26%0 of sialic acid before, and 7% after hydrolysis. Mucin was prepared
from bovine submaxillary glands according to Nisizawa & Pigman [16].
The preparation contained 13%o of sialic acid. Ribonuclease, lysozyme,
and protamine sulphate were commercial products (B.D.H, England);
ascorbic acid (Politechnika Slaska, Poland); L-malic acid (Light,
England); succinic acid (Eisenach, Germany); phosphate-Na (Xenon,
Poland); glutathione reduced (Biuro Obmotu Odczynnikami, Gliwice,
Poland).

Protein in mitochondria was determined by the biuret method [8].
Sialic acid was determined with the orcinol reagent, using as standard
N-acetylneuraminic acid prepared according to Martensson, Raal
& Svennerholm [11] from serum proteins.

RESULTS

To characterize the effect of basic proteins on mitochondrial swelling,
we have introduced an index, ko, calculated from the extinction values
after 20 min. incubation, according to the equation:

Einh — Eina
Esp — Eina

where E;,, is the extinction value for mitochondria incubated with both
inducer and inhibitor of swelling; E;,4, the extinction value for mito-
chondria incubated with inducer only; and E,, the extinction value for
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131 MACROIONS AND MITOCHONDRIA 135

spontaneous swelling, the sample being incubated also for 20 min. The
extinction values after 20 min. incubation were corrected for zero-time
difference in extinction in relation to control. For instance, for calcula-
tion of ko for the mitochondrial basic protein presented in Fig. la, the
respective extinction values were: E;,;, = 0.52 — 0.06 (correction) =— 0.46;

] 0.46 — 0.32
Eind =0.31 + 0.01 "——0.32; Esp = 0.56. Hence k20 == m = 0.58,

approximately 0.6. When the value for kyy is 0, this indicates lack of
inhibitory or stimulating effect on induced mitochondrial swelling: kqy << 0
indicates enhanced swelling of mitochondria; 1> key>> 0 indicates in-
hibitory effect on induced swelling; kog >> 1 indicates inhibition not only
of induced but also of spontaneous swelling.

Incubation (min.)

Fig. 1. Effect of basic proteins on the swelling of rat liver mitochondria induced

by: (a), 1 mm-ascorbate; (b), 10mum reduced glutathione; (c), 1 mm-succinate. Medium:

0.33 m-sucrose - 0.04 m-tris buffer, pH 74. (———), Spontaneous swelling; (---),

swelling agent alone; ( ), with the addition of: (I), 40 pg. protamine sulphate;

(II), 100 pg. mitochondrial basic protein; (III), 100 pg. lysozyme; (IV), ribonuclease,
100 pg. in experiment a, and 300 ug. in experiments b and c.

The effects of basic proteins on swelling of rat liver mitochondnia
induced by ascorbate, reduced glutathione and succinate, are illustrated
in Fig. 1. Table 1 gives the ky values both for the liver and kidney
mitochondria, which ranged from —1.2 to +3.1. The values varied from
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Table 1

Effect of basic proteins on induced swelling of rat liver
and kidney mitochondria

Figures represent values for index kgg characterizing the effect of basic proteins
on induced mitochondnial swelling after 20 min. incubation (for details see text).

Liver mitochondria | Kindey
RIEIE et | Daske pratem (1) 1y 0 o el 0 0128 AR O] - "(;'l;;c':::g::se
Succinate, 1 mM| Protamine 40 | 1.8 i 0.5 .
g ) 100 | 1.0 r 3.1
| MBP 100 ‘ 0.4 0.0 0.9
' Lysozyme 100 | 0.4
Ribonuclease 100 | 0.0 0.7
300 | 0.0 f . —0.2 ;
Malate, 1 mm | Protamine 40 | 1.4 l
MBP 100 | 0.1 ‘ w
Lysozyme 100 | 0.6 : i
Ribonuclease 100 | —0.1 | |
300 | —0.2 | |
Ascorbate, 1 mM| Protamine 40 ‘ 1.1 0.5 |
100 [ 0.7 2.0
MBP 100 | 0.6 ' 0.9
200 | gai i
‘ | Lysozyme 100 | 0.4 w 0.5
| Ribonuclease 100 | —0.3 0.5
200 | | 0.3
Phosphate, ’ i
16 mm Protamine 40 | 1.1 0.5 1.0
100 | 1.0 ‘ 0.7 0.9
MBP 100 | 0.0 —0.6 0.8
200 | 0.0 ;
| Lysozyme 100 0.0 ; —1.2 ; 0.7
| Ribonuclease 100 } —0.4 ‘ ‘
| 300 £ ‘ —02 0.2 ‘
Glutathione re- " ‘ 7l
duced, 10 mm| Protamine 100 | 1.2 I8¢ f
MBP 100 | 0.5 ‘
Lysozyme 100 l 0.7 ‘ |
Ribonuclease 100 0.0 ! |
< ; 300 0.0 | l

one experiment to another but they gave a rough idea of the effect
produced by basic proteins. The greatest inhibitory effect on induced
swelling in all experiments was exerted by protamine, next by MBP
and lysozyme; ribonuclease either had no effect at all or even stimulated
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the swelling. Comparison of values obtained from parallel experiments
carried out in 0.33 m-sucrose and 0.125 m-KCl media showed that in
ionic medium the inhibition of swelling by basic proteins was much
smaller. In sucrose medium there was an increase in extinction at zero
time, especially when mitochondria were added with protamine or MBP
(Fig. 1a). This was not observed or observed to a lesser degree in ionic
medium.

The effect of ganglioside on the inhibition by MBP and protamine
of spontaneous swelling is presented in Fig. 2; no inhibition of swelling
was observed when the ganglioside was added together with the protein
(curves IV and V) and a reversal of inhibition occurred when it was
added after 4 min! of incubation of mitochondria with protamine
(curve III). It was also observed that ganglioside as well as mucin
stimulated swelling (I'ig. 3). When the greatest part of sialic acid present

1 1 i I
10 20 30 0 20 30

Jncubation (min.) Jncubation (min.)
Fig. 2 Fig. 3

Fig. 2. Effect of ganglioside on the basic protein-produced inhibition of spontaneous

swelling of rat liver mitochondria. Medium: 0.33 m-sucrose - 0.04 m-tris buffer, pH 7.4.

(———), Spontaneous swelling; (I), 40 pg. protamine sulphate; (II), 100 pg. mito-

chondrial basic protein; (III), 40 pug. protamine sulphate and 200 pg. ganglioside

added at the fourth minute (indicated with arrow); (IV), 40 pg. protamine sulphate

and 200 pg. ganglioside added at zero time; (V), 100 ng. mitochondrial basic protein
and 300 pg. ganglioside added at zero time,

Fig. 3. Effect of ganglioside and mucin on swelling of rat liver mitochondria.

Medium: 0.33 m-sucrose - 0.04 m-tris buffer, pH 7.4. (———), Spontaneous swelling;

(I), 100 pg. ganglioside; (II), 200 wg. ganglioside; (III), 400 pg. ganglioside; (IV),
200 pg. mucin,

in the ganglioside was removed by hydrolysis in 0.1 N-H,SO; at 80° for
1 bhr. and dialysis, the ganglioside became unable to overcome the
inhibition produced by basic proteins (Fig. 4). This indicated that the
reversal was due to the presence of acidic compounds, i.e. sialic acid in
a ganglioside.
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The experiments reported above suggest that binding of basic pro-
teins to mitochondria was responsible for their effects on swelling. The
reversal of these effects by macroanions can be explained by their inter-
action with basic proteins bound to mitochondria. The results of experi-

Fig. 4. Effect of native and hydrolysed
ganglioside on the inhibition by protamine
of spontaneous swelling of rat liver mito-
chondria. Medium: 0.33m-sucrose - 0.04 M-
-tris buffer,, pH 74. (———), Sponta-
neous swelling; ( ), 50 png. protamine
sulphate: (I), alone: (II), with 200 pg. hy-
1 ] drolysed ganglioside (7% sialic acid); (III),

10 20 0 . ’ 24 N
: with 200 pg. native - liosid
Sncdbalion{min) i ng. nati acgia(ljr)lg ioside (26%°0 sialic

[S]1

Fig. 5. Linear plot of the Langmuir equa-
tion from experimental data for binding
of mitochondrial basic protein to mito-
chondria at pH 8.0. (¢c), Amount of MBP
added to the incubation mixture; (a),
b amount of MBP bound to mitochondria;

B
tga equals — and the segment b is —, For
ao ap
details see text.

}1r1 fies]

| 1 |
20 40 60 80 100 120 %0 160
c

ments on the binding of MBP to mitochondria were in agreement with
the adsorption equation given by Langmuir [7]. The theoretical Lang-
muir plot was calculated for MBP adsorbed at pH 8 from the equation:
¢
Sy
where a is the amount of bound MBP; ¢, the amount of MBP added
to the incubation mixture. Coefficients ay and B were calculated graphi-
cally using linear plot for the transformed equation:
By e
a a @
Fig. 5 presents this plot obtained from experimental data for binding
of MBP to mitochondria. The values for coefficients ay and B were 172
and 141, respectively. Varying hydrogen ion concentrations had but
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100
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2 S 5}
| | | =1 | |
40 80 120 40 80 120
MBP added (1g.) Mucin added (Lg)
Fig. 6 Fig. 7

Fig. 6. Binding of mitochondrial basic protein to rat liver mitochondria (@), at
pH 6.0 and (O), at pH 8.0; (A), theoretical curve calculated from the Langmuir
equation [7].

Fig. 7. Binding of mucin to rat liver mitochondria (@), at pH 6.0 and (O), at pH 8.0.

a slight effect on the shape of the curve (Fig. 6). As it has been observed
that ganglioside and mucin stimulate mitochondrial swelling, binding
of mucin to mitochondria was examined. The results of experiments
shown in Fig. 7 indicate that mucin is also bound to mitochondria
although to a smaller extent than MBP.

DISCUSSION

The mitochondrial membrane which consists (according to Green &
Fleischer [2]) of phospholipids surrounded by structural protein, pos-
sesses both negative and positive charged groups and can bind acidic
as well as basic macroions. Changes in the structure of the mitochondrial
membrane affect the metabolic processes of mitochondria, and the inhi-
bitory effect on oxidoreduction processes and uncoupling of oxidative
phosphorylation by basic proteins are generally accepted [17, 18, 19, 12].
According to some authors, there is a close connection between the oxido-
reduction and mitochondrial swelling, as KCN, Antimycin A, and Amytal
inhibit both electron transport and swelling. On the other hand, un-
coupling agents such as thyroxine, calcium ions or dinitrophenol (100 nm)
stimulate swelling [5]. Thus it seems very likely that the effect of basic
proteins on oxidoreduction processes in mitochondria may find its re-
flection in the swelling too. This latter effect was observed in our experi-
ments. The initial increase in absorbancy at 520 mu observed when the
mitochondria were incubated with basic proteins, may be explained
either by rapid contraction or, what is more probable, by binding of basic
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proteins to mitochondria which changes their light absorption. Our
earlier experiments [4] indicated that binding of basic proteins to mito-
chondria does occur, but they did not exclude the possibility of mito-
chondrial contraction. The interaction between the acidic components
of mitochondria and basic proteins is electrostatic, as shown by experi-
ments with various concentrations of KCl and macroanions [4]. This
binding supports the assumption of many authors who are trying to
explain in this way the inhibition of the oxidation-reduction reaction
[10, 22]. Such a relationship between the acidic groups of brain tissue,
basic polypeptides and polyacidic molecules has been proposed by
Mecllwain [15]; a similar mechanism could be accepted for binding of ba-
sic protein to mitochondrial membrane and its reversal by macroanions.
Binding by mitochondrial membrane of macroanions (Fig. 7) and their
stimulating effect on swelling (Fig. 3) also suggest the possibility of
acidic macroions influencing the mitochondrial metabolism. It seems
very probable that basic protein naturally occurring in mitochondria [21]
may be bound with the negative charged groups present in mitochondria.

SUMMARY

It was shown that basic proteins inhibit both induced and spontaneous
swelling of mitochondria. This effect can be overcome by the addition
of macroanionic compounds, as ganglioside and mucin, which, when
added alone, promote mitochondrial swelling. The effect of basic proteins
is due to their binding to mitochondria.
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WPLYW MAKROKATIONOW I MAKROANIONOW NA MITOCHONDRIA

Streszczenie

Wykazano hamujgcy wplyw biatek zasadowych na samoistne oraz indukowane

pecznienie mitochondriéw. Efekt ten daje sie usungé przez dodatek makroanionéw
jak gangliozydu lub mucyny. Gangliozyd i mucyna same stymuluja pecznienie.

Wplyw bialek zasadowych spowodowany jest wigzaniem ich do mitochondriéw.

Received 3 November 1964.
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CHANGES IN CHEMICAL COMPOSITION OF ISOLATED RAT
BRAIN AND LIVER NUCLEI

Department of Physiological Chemistry, Medical School, Lublin

Several metabolic reactions have been observed in muclei isolated
from calf thymus, e.g. incorporation of labelled amino acids into protein
[1,2,5] and of orotic acid and adenine into nuclear RNA [3, 5, 9]. The
same reactions were found to occur in isolated rat liver [17] and kidney
[16] muclei.

In our earlier experiments concerning the metabolism of RNA in the
central mervous system, a rather rapid turnover of RNA in brain nuclei
has been observed [6,7,13]. In the present work, chemical changes
occurring in nuclei in vitro were studied.

MATERIAL AND METHODS

For the expeniments, adult albino rats of the Wistar strain were
used. For each experiment 10 animals were decapitated and the brains
and livers removed. The brains were homogenized in a Potter homo-
genizer in 1.5 m-sucrose - 5 mm-CaCl, solution and the muclei sedimented
by centrifugation at 20 000 g for 60 min. The details of the procedure
have been described previously [15,6]. Liver muclei were prepared in
2.2 M-sucrose solution according to the method of Chauveau et al. [10].
The obtained nuclei preparations were examined with a phase-contrast
microscope. Consumption of oxygen was measured in the Warburg appa-
ratus.

The isolated nuclei were incubated at 37° in isotonic sucrose solution
buffered with tris [12] or phosphate [4, 5]. In experiments in which the
nuclei were labelled in wivo, media with phosphate or tris were
used; in experiments on the incorporation of 32P in wvitro, only
the tris-containing medium was wused. The incubation mixture A con-
taining phosphate buffer, pH 7.4, was composed of: 1.0 ml. 0.1 m<phos-
phate - 0.25 m-sucrose; 0.8 ml. 0.1 m-glucose containing 85.7 wumoles NaCl
and 21 wmoles MgCly; 0.2 ml. 2.5 mM-ATP-Na or 0.2 ml. H,O; 2.0 ml.
nuclei suspension in 0.25 mM-sucrose containing 10 wmoles CaCl,. The
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incubation mixture B containing tris buffer, pH 7.4, was composed of:
0.7 ml. 0.2 m-tris - 0.25 m-sucrose; 0.6 ml. 0.1 m-glucose ccntaining 64.2
wmoles NaCl and 15.8 umoles MgCl,, or 0.6 ml. glucose containing 134
umoles NaCl; 0.1 ml. [*2P]Na,HPO, (30 wc) or 0.1 ml. 1.5% SDS; 1.6 ml.
nuclei suspension in 0.25 m-sucrose containing 10 wmoles CaCl, or 160
umoles EDTA. RNA, DNA, free nucleotides and phospholipids were
assayed before and after incubation by the methods described previously
[14, 8, 6]. The dry weight of the residue remaining after extraction of
lipids and acid-soluble compounds, was ‘taken as protein. When the
medium was also to be analysed, the suspension of nuclei was divided
into two equal parts; one was added to the incubation mixture and
incubated for 1 hr., the other was immediately centrifuged at 0° and
the obtained sediment and supernatant were analysed, giving the zero-
-time values. Radioactivity was assayed in a layer of wet preparation
by a Geiger-Miiller counter with a mica window (1.5 mg./cm.?) from
a distance of 5 mm.

For in vivo 32P-labelling, rats were injected with [32P]NaH,PO,, the
dose of 10 uc per 100 g. body wt. being administered directly into the
fourth ventricle of the brain; in some experiments an additional dose
of 150 uc 2P was administered intraperitoneally. After 24 hr. the animals
were killed and the nuclei isolated.

RESULTS

In isolated brain and liver nuclei after incubation in isotonic sucrose
solution at 37° for 4 hr., the content of RNA decreased by 30 - 50%,
that of protein by 25-30%, while the content of free mnucleotides
increased. Microscopic examinations showed that the nuclei were coagu-
lated to a marked degree but their internal structure was intact.

Changes in brain and liver nuclear RNA labelled in vivo with radio-
active phosphorus are shown in Table 1. After 1 hr., as well as after
4 hr. of incubation, a marked decrease of RNA content was observed
while changes in phospholipids and free mucleotides were but slight.
The presence of ATP and the composition of the medium had almost
no effect. Similarly, the removal of divalent ions from the medium by
using EDTA was without effect. The addition of EDTA caused, however,
a decrease of the oxygen consumption quotient from 1.95 to 0.4 ul.Oy/hr./
/mg. protein for brain nuclei and from 2.7 to 0.8 ul.O,/hr./mg. protein
for liver nuclei.

In all experiments in which the nuclei were incubated in vitro with
radioactive phosphate, 2P was incorporated into RNA in spite of the
decrease of RNA content in the nuclei. When 2P was administered
in vivo, the specific activity of nuclear RNA decreased during incubation,
while that of free nucleotides was unchanged. The specific activity
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of brain nuclear RNA was higher than the activity of liver mnuclear
RNA probably as the result of the intraventricular administration of 32P.

In the second series of experiments, both the nuclei and the incuba-
tion media were analysed (Table 2). For the in vivo RNA labelling,
32P was administered both intraperitoneally and into the fourth ventricle
of the brain. In this experiment the effect of sodium dodecyl sulphate
(SDS), known as a nuclease inhibitor [11], was also studied. After 1 hr.
of incubation, the content of RNA in brain and liver nuclei markedly
decreased while the decrease of free nucleotides was but slight. The
specific activity of the RNA released from the nuclei into the medium
was lower than that of RNA remaining in the nuclei, while the specific
activity of free nucleotides in the medium increased in experiments
with the brain but not with the liver. Microscopic examination of the
nuclei after incubation with SDS showed that some of them underwent
morphological changes. Incubation in the presence of SDS caused the
destruction of a part of the nuclei, as shown by the presence of DNA
in the incubation medium.

DISCUSSION

The experiments on the chemical composition of nuclei isolated from
brain and liver indicated that the nuclei, while retaining their morpho-
logical structure, lost during incubation 30 -50% of the initial RNA
content. This loss was not due to destruction of the muclei since incuba-
tion did mot cause a decrease in nuclear DNA. On the contrary, the
amount of DNA found in the nuclei after incubation was consistently
somewhat higher; this seems to be due to the conditions of incubation
enhancing the extractability of DNA.

The experiments of Scholtissek et al. [20, 19] and of Samarina & Zbar-
skij [18] indicate that under certain conditions the metabolically active
fractions may be released from the nuclei. This suggestion seems to be
supported by the decrease in specific activity of nuclear RNA labelled
in vivo, observed in the presented experiments. Still, the analysis of
the nuclei and of the incubation media offered mo confirmation to this
view; the specific activity of the RNA released from the nuclei was
found to be not higher, but even lcwer than that of the RNA remaining
in the nuclei.

The decrease during incubaticn of the sum of RNA found in the
nuclei and in the medium seems to indicate partial depolymerization
of RNA; this was also suggested by the increased concentration in the
medium of free mucleotides the specific activity of which was in the
liver nearly the same as, and in the brain higher than, that of the
nucleotides remaining in the nuclei.

Although during incubation marked decomposition of nuclear RNA
was observed which was not overcome by ATP addition, 3P was incor-
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porated simultaneously from the incubation medium into nuclear RNA.
At the same time, inconporation of 32P into phospholipids was but slight.

The removal from the incubation medium of dilavent ions inhibited
neither RNA decomposition nor the inconporation of 32P into the RNA
remaining in the nuclei; it resulted only in decreased oxygen con-
sumption.

The addition of SDS, an inhibitor of pancreatic ribonuclease [12], did
not inhibit nuclease activity in liver nuclei as indicated by the increase
in the content of free nucleotides in the medium. In brain nuclei no
increase of free nucleotides was observed which might suggest a different
mode of action of SDS on brain nuclear nuclease.

Both brain and liver nuclear membranes were damaged by SDS,
as shown by the release into the medium of nearly 50% of nuclear RNA
and of small quantities of DNA.

The presented experiments demonstrate the difficulties encountered
in studying in vitro the synthesis of nuclear RNA. In the nuclei isolated
both from brain and from liver, during incubation in isotonic sucrose
solution the catabolic processes were the pprevailing ones, leading to the
destruction of nuclear RNA.

SUMMARY

Isolated rat brain and liver nuclei were incubated in a glucose-con-
taining sucrose medium. During incubation, added 32P was incorporated
into nuclear RNA although the content of RNA decreased by about 50%
and an increase of nucleotides occurred.
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ZMIANY W SKEADZIE CHEMICZNYM TZOLOWANYCH JADER
KOMORKOWYCH Z MOZGU 1 WATROBY SZCZURA

Streszczenie
Izolowane jgdra komoérek moézgowych i watrobowych inkubowano w izoto-
nicznym roztworze sacharozy z dodatkiem glukozy. Podczas inkubacji dodany 3P
byl wiaczany do RNA jadrowego nawet wowczas, gdy jednoczesnie stwiendzano
ubytek RNA jadrowego o okolo 50% oraz wzrost zawarto$ci wolnych nukleotydéw.

Received 9 November 1964.
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The matural occurrence [3, 5] of 2-aminoethylphosphonic acid (H,N—
—CHy;—CHy—PO3H,), the phosphorus analogue of taurine and f-alanine,
indicates that enzymes synthesizing phosphorus-carbon (P—C) bonds are
present in some at least living organisms. In fact, Kanoatsu & Horiguchi
[4] and Rosenberg [7] demonstrated recently that 2-aminoethylphospho-
nic acid is synthesized from inorganic phosphate by some profozoa, but
the mature of this process is still obscure. The possible pathways of P—C
bond decomposition are also unknown.

Zeleznick, Myers & Titchener [9] showed that Escherichia coli
Crookes strain can grow in a medium containing methyl- or ethylphos-
phonate as sole sources of phosphorus. It seems probable that enzymes
splitting P—C bonds chemically resistant to cleavage, may be present
in other microorganisms. In the present work this possibility was studied
and an attempt was made to find organisms giving, when grown on sub-
strates with carbon-bound phosphorus, a large yield of cells and thus
better suited for more detailed biochemical studies.

MATERIALS AND METHODS

Potassium ethylphosphonate (CH3CH,—PO3HK). Crude ethylphospho-
nic acid prepared after Kosolapoff [6] was neutralized with one equiva-
lent of potassium hydroxide and the resulting potassium salt was cry-
stallized from ethyl alcohol. Several crystallizations were necessary until
the product was free from inorganic phosphate according to the Fiske &
Subbarow test.

Dilithium-2,3-dihydroxypropylphosphonate (CH,OH—CHOH—CH;—
PO;3Li;). This was prepared after Rosenthal & Geyer [8] and purified until
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free from inorganic phosphate by repeated precipitation with alcohol
from aqueous solution.

Organisms. Escherichia freundi was isolated from sewage. Other or-
ganisms were obtained from the following Departments of the Institute
of Immunology and Experimental Therapy: Escherichia coli 306, 307
and 18, and Proteus from the Department of Genetics; Bacillus subtilis,
Nocardia brasiliensis, Streptomyces globisporus and Streptomyces globi-
sporus var. flavofuscus, from the Department of Antibiotics, and Myco-
bacterium phlei from the Department of Mycology.

Media. The growth of microorganisms was studied in synthetic media
as simple as possible in order to keep contamination by inorganic phos-
phate below the level of interference. Four kinds of media were used:
(1), Simple medium of Zeleznick et al. [9] with inorganic phosphate:
NH,CI, 1.0 g.; MgSO,-7H,O, 0.2 g.; NaCl, 0.5 g.; CH3COOH, 2.2 ml;
K,HPO,;, 6.0 g.; KH.PO,, 3.0 g.; water 1000 ml.; pH 7.4. (2), Simple
medium with - phosphonates; the composition of this medium was the
same as above, except that 9.1 g. of potassium ethylphosphonate or 1.0 g.
of dilithium-2,3-dihydroxypropylphosphonate were added instead of inor-
ganic phosphates. (3), Synthetic medium of Sauton: citric acid, 2.0 g.;
K,HPO;, 0.5 g.; MgSO,-7H,O, 0.5 g,; ammonio-ferric citrate, 0.05 g.;
asparagine, 4.0 g.; glycerol, 10 ml.; water, 1000 ml.; pH 7.0. (4), Sauton
medium with phosphonates: instead of inorganic phosphate, 0.42 g. of
potassium ethylphosphonate or 0.48 g. dilithium-2,3-dihydroxypropyl-
phosphonate were added per 1000 ml. of medium; pH 7.0. The pH value
of the media was adjusted with 0.5M-KOH or 0.5 M-HCL

Transfers. Organisms were transferred to fresh media every three
days with the exception of the slower growing M. phlei which was
transferred to fresh medium after every seven days of growth. The
size of inoculum was 0.1 ml. of suspension (density of 10? bacterial cells
per 1 ml. according to McFarland scale).

Evaluation of growth of organisms. The growth of bacteria was fol-
lowed by nephelometric measurements at 650 mu, with the exception of
M. phlei which does not grow in suspension. The growth of this organism
was evaluated on the basis of the area of surface growth.

Determination of phosphorus. The method of Fiske & Subbarow [2]
or the micromethod of Chen et al. [1] were usea.

RESULTS

As shown in Table 1, six out of ten onganisms studied could be
adapted to grow in consecutive transfers in simple medium of Zeleznick
et al. [9] with inorganic phosphate but only two survived when phos-
phate was replaced with ethylphosphonate. The utilization of 2,3-dihy-

droxypropylphosphonate ﬁ%?ps_t Ficl:elcr!] (glr éhlbele organisms only and it was
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found that it supported both strains of Escherichia growing on ethyl-
phosphonate and, in addition, was utilized by M. phlei which was unable
to grow on ethylphosphonate.

Table 1
Adaptation of microorganisms to the simple medium with orthophosphate
and phosphonates

Composition of media as described in text. (+), Growth of bacteria; (—), absence
of growth of bacteria.

‘ Simple medium with
- | : 5

Qe | orthophosphate ethylphosphonate dﬂ;’;‘f;’?:;:zyl
Escherichia freundi ++ + +
Escherichia coli 306 ‘ i —_
Escherichia coli 307 ++ + +
Escherichia coli 18 — —
Proteus — —
Bacillus subtilis F=o)= —_
Mycobacterium phlei ++ - +—
Nocardia brasiliensis — —_ . |
Streptomyces globisporus 5 | ++ — ’
Streptomyces globisporus 55 | - —

Table 2

The effect of glycerol on the utilization of phosphonates by M. phlei
growing on Sauton and simple media

Composition of the media as described in text; 1% glycerol was added where

indicated.
Simple medium | Sauton medium |
Additions Transfers Transfers
O I o L T T O P [ T e e . )

Orthophosphate A bt | e el e — — = oy
Orthophosphate

with glycerol o I o o o S o o [ o o ol o o I o o o o e o o
Ethylphosphonate + 4 - i it
Ethylphosphonate \

with glycerol | LN L P e JUAE - -
Dihydroxypropyl-

phosphonate ++ + S IR S T
Dihydroxypropyl-

phosphonate with

glycerol |+ ++|+++|+++H+++] +++ | +++ | +++ | ++F
Glycerol ++ + — —_ oy ++ — =
None G S s 22
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In view of the well known fact that glycerol stimulates the growth
of acid-resistant bacilli, its effect on the wtilization of carbon-bound
phosphorus by M. phlei in simple and Sauton media was studied. The
results summarized in Table 2 showed that glycerol stimulated the
growth of M. phlei with 2,3-dihydroxypropylphosphonate as source of
phosphorus but had no effect in case of ethylphosphonate.

The growth of E. coli 307 and E. freundi in simple medium with
phosphonates and with inorganic phosphate was followed through many
consecutive transfers (Fig. 1); both these strains of Escherichia were
able to utilize carbon-bound phosphorus but their growth was slower.

1l IL
B | =58 77 L

E. Freundi E.coli 307
—0

02

{ [ P ) S

R

Egso

01

LRI

Transfers Transfers

Fig. 1. Growth of E. freundi and E. coli 307 on simple medium. The growth of

bacteria was determined by chamges in extinction at 650 mp after three days of

incubation: (O), on simple medium (no orthophosphate); (A), with traces of ortho-

phosphate (1ug. P in 1 ml); (@), with orthophosphate; ([J), with ethylphosphonate;
and (M), with dihydroxypropylphosphonate.

S
°

Fig. 2. Liberation of phosphorus during acid
hydrolysis of M. phlei, The eight-day-old
cultures were washed three times with water
and dried to constant weight at 105°. Dried
bacteria, 10 mg., were hydrolysed in 2 n-
-HpSOy4 at 100°, Phosphorus was determined
according to the micromethod of Chen et al.
[1]. Bacteria grown on Sauton medium

8
o
[ ] R S

P liberated (pg.)

B Tt A 1 J}__j supplemented with 1% glycerol: (O), with «di-
200 “00 600 e hydroxypropylphosphonate; (@), with ortho-
Hydrolysis time (min.) phosphate,

The dry weight and total phosphorus content of M. phlei cells grown
in Sauton medium with inorganic phosphate or dihydroxypropylphos-
phonate were compared. After 8 days of incubaticn in 5 ml. of medium
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with inonganic phosphate, 18.8 mg. of dry cells containing 1.1% of total
phosphorus were harvested, while in medium with dihydroxypropylphos-
phonate 13.7 mg. of cells were obtained with only 0.7% of total P.

Dry M. phlei cells were hydrolysed at 100° in 2 N-sulphuric acid and
the rate of inorganic phosphate liberation was determined. The results
shown in Fig. 2 indicate that M. phlei incorporated carbon-bound phos-
phorus into acid-labile compounds. In control experiments it was est-
ablished that 2,3-dihydroxypropylphosphonate hydrolysed for many
hours at 100° in 2 N-sulphuric acid did not release inorganic phosphate.
Attempts to detect the decomposition of P—C bonds in 2,3-dihydroxy-
propylphosphonates by disrupted cells of M. phlei were unsuccessful.

DISCUSSION

To study bacterial growth by substituting inorganic phosphate with
other sources of phosphorus, it is necessary to use simple synthetic media
and this comsiderably limits the number of strains suitable for such
studies (Table 1). Our results indicate also that the ability to wutilize
carbon-bound phosphorus is not frequently encountered. Zeleznick et al.
[9] demonstrated this ability in E. coli Crookes and we found two more
strains of Escherichia possessing the same property, viz. E. coli 307 and
E. freundi. Two other strains tested, E. coli 306 and 18, could mot be
adapted to ethylphosphonate. In view of the growing interest in the bio-
chemistry of compounds with P—C bonds, further screening of micro-
organisms for ability to utilize carbon-bound P appears to be desirable.

Zeleznick et al. studied the growth of E. coli Crookes on methyl-,
ethyl- and 'hydroxymethylphosphonates and found that the hydroxy-
methyl derivative is not utilized, while in the presence of methyl- and
ethylphosphonates growth rate and phosphorus accumulation were the
same as with inorgamic phosphate. In our experiments, the growth of
Escherichia was considerably slower when inonganic phosphate was
substituted with phosphonates.

2,3-Dihydroxypropylphosphonate used in the present work is a com-
pound which bears some structural resemblance to phosphoglycerol. It
supported the growth of E. coli 307 and E. freundi equally well as
ethylphosphonate and was also utilized by M. phlei. As M. phlei gives
a higher yield of cells than Escherichia, it could be used in studies on
P—C bond decomposition.

The slow growth and low phosphorus content of M. phlei grown on
2,3-dihydroxypropylphosphonate implies that carbon-bound-phosphorus
is not readily available for this organism and mot more than the neces-
sary minimum of inorganic phosphate is produced. This was confirmed
by the fact that in no case was inorganic phosphate released into the
medium. It follows that M. phlei has or produces only a limited amount
of enzyme (or enzymes) decomposing the P—C bond. The hydrolysis
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curve of phosphate compounds accumulated in M. phlei grown on 2,3-di-
hydroxypropylphosphonate indicates that a large part of phosphorus :s
present in the form of acid-labile compounds, presumably esters whose
formation would not be possible without breaking P—C bonds. Unfor-
tunately we have mot been able to demonstrate the splitting of P—C
bonds in cell-free homogenates of M. phlei.

We would like to express our gratitude to Prof. Dr. Tadeusz Bara-
nowski for helpful discussion and advice.

SUMMARY

1. It was found that Escherichia coli 307 and E. freundi grow on
synthetic medium when inorganic phosphate is replaced with ethylphos-
phonate or 2,3-dihydroxypropylphosphonate.

2. Mycobacterium phlei is not able to utilize phosphorus from ethyl-
phosphonate but grows on 2,3-dihydroxypropylphosphonate. The growth
is slower, however, and the cells have a lower phosphorus content.

3. M. phlei produces acid-labile phosphorus compounds from the
acid-resistant 2,3-dihydroxypropylphosphonate.
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ZUZYTKOWANIE FOSFORU ZWIAZANEGO Z WEGLEM
PRZEZ MIKROORGANIZMY

Streszczenie

1. Stwierdzono, ze Escherichia coli 307 i Escherichia freundi rosna na pozywce
mineralnej zawierajgcej kwas etylofosfonowy albo kwas 2,3-dwuhydroksypropylo-
fosfonowy w miejsce ortofosforanu.

2. Wykazano, ze Mycobacterium phlei nie ros$nie na pozywkach zawierajgcych
w miejsce fosforanu kwas etylofosfonowy, natomiast ro$nie na pozywkach z kwa-

sem 2,3-dwuhydroksypropylofosfonowym.
3. M. phlei w trakcie wzrostu na 23-dwuhydroksypropylofosfonianie tworzy

zwigzki fosforowe kwasolabilne.
Received 14 November 1964.
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WITH Vi-PHAGE II*

The Biochemical Laboratory, Institute of Marine Medicine, Gdaisk

In 1954 Kozinski & Opara [7] have shown that Vi-antigen prepara-
tion lost its receptor activity in relation to Vi-phage II as a result of
incubation with a bacterial lysate containing the Vi-phage II. As the
phage infectivity was maintained after incubation, the authors concluded
that the action of Vi-phage on Vi-substance is of an enzymic character.
Later [15,5] it was demonstrated that the Vi-substance is a poly-
saccharide composed mainly of acetylated aminogalacturonic acid, and
recently [12] an improved method for obtaining a highly purified
preparation has been described.

In the present work an attempt was made to elucidate the nature
of the reaction between Vi-phage II and Vi-polysaccharide leading to
the destruction of the receptor activity.

MATERIALS AND METHODS

Vi-polysaccharide preparations from Salmonella typhi 21802 were
purified by chromatography on erythrocyte stroma [12], and contained
450 - 500 receptor units per mg.

Crude Vi-phage II suspensions were obtained by lysis of phage-
-infected bacteria S. typhi in modified Stokes & Bayne medium [14]
and contained 2 - 8 X 10!! phage particles per ml.; they were kept in the
cold with chloroform in order to prevent the growth of contaminating
bacteria.

Purified Vi-phage II preparation was obtained using the modified
Creaser & Taussig method [3] in the following way: 500 ml. of crude
Vi-phage II suspension was dialysed overnight in the cold against
10 liters of distilled water saturated with chloroform. The next day

* Partly supported by a grant from the Committee of Biochemistry and Bio-
physics of the Polish Academy of Sciences.
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the suspension was filtered through a Hyflo-Supercel layer 3 -5 mm.
thick, with very gentle suction. A column (3 X 4 cm.) was prepared from
5 g. of ECTEOLA-cellulose, washed successively with 1 N-NaOH, water,
1 M- KHyPOy, and 0.01 m-phosphate buffer, pH 7.0, and then the Hyflo-
~-Supercel filtrate was allowed to flow through the column at a rate of
5ml. per minute. After washing with 0.01 m~phosphate buffer, pH 7.0,
the adsorbed phage was eluted with 0.3 M-NaCl- 0.01 m-phosphate
buffer, pH 7.0, the flow-rate being 0.5 ml. per minute. The first 10 ml.
of the turbid effluent were collected and subjected to two cycles of
differential (12 000 g, 60 min.; 3000 g, 15 min.) centrifugation at 0° in
Janetzki K 14/A centrifuge. The phage pellet was always suspended in
0.15 m-NaCl - 0.01 m~phesphate buffer, pH 7.0, by gentle pipetting, after
overnight standing with this salt solution in the cold. The course of
purification is presented in Table 1. In the final product only slight
quantities of bacterial impurities were found by electron microscopy
(Fig. 1).

Table 1
Purification of Vi-phage I1
Purity ,
. | B | .

Preparation Volume | 10—13x | Protein (1013 x ; Pu::xﬁ- |‘ Yield
(ml.) Phages (mg.) Phages/mg. | cation | %)

‘ protein) ] |

i | | |
Crude phage suspension | 500 21.2 175.0 012 . | 100

| After ECTEOLA ; ‘
treatment 10 20.2 225 | 0.88 7.3 95
\ After I centrifugation | 10 13.8 9.5 | 1.45 12.1 65
, After II centrifugation ; 10 11.2 1 6.9 ’ 1.62 13.5 ; 53

Modified Stokes & Bayne (mSB) medium [11], and formolized sheep
-erythrocytes were prepared as described previously [14].

Reagents used: sodium ethylenediaminetetraacetate (EDTA), tris and
Hyflo-Supercel (Light, Colnbrook, England); p-chloromercuribenzoic
acid (B.D.H., Poole, England); N-ethylmaleimide (Schuchardt, Miinchen,
West Germany); tubings for dialysis (Kalle, Wiesbaden, West Germany).
ECTEOLA-cellulose containing 0.26 mEq. nitrogen per gram, was pre-
pared according to Peterson & Sober [9] from Whatman cellulose
powder, triethanolamine (Schuchardt, Miinchen, West Germany) and
1-chloro-2:3-epoxypropane (epichlorchydrin, Light, Colnbrook, England).
Other reagents were products of Fabryka Odczynnikéw Chemicznych
(Gliwice, Poland).

Protein was determined according to Lowry et al. [8], after wolfra-
mate precipitation, crystalline bovine serum albumin (B. D. H., Poole,
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Fig. 1. Electron micrograph of the purified Vi-phage II preparation. Agar-diffusion

technique [6] with a slight modification [13] was applied. Chromium shadowing.

Electron microscope: Zeiss D2. The arrow points to the tip of the phage’s tail, by
means of which phage reacts with Vi-polysaccharide [13].

ACTA BIOCHIM., POLON., vol. XII, 1965 (facing p. 158).
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England) being used as standard. For protein determination in the crude
phage, the suspension was previously dialysed against distilled water.

Phage counts were made in triplicate by the agar layer method [1],
as previously described [14].

Vi-receptor estimation was performed as described previcusly [14].
The quantity of Vi-polysaccharide which, under the conditions used,
reduced the Vi-phage content by 1 X 101/ml. was adopted as Vi-receptor
unit (RU).

Determination of the receptor-destroying activity was based on the
receptor estimation [14]. The Vi-polysaccharide solution containing
200 RU per ml. was mixed with an equal volume of the Vi-phage II
suspension and incubated in Hoeppler ultrathermostat at 37°. At definite
intervals, samples equivalent to 1-2RU (0.02 - 0.25 ml.) were taken to
thick-walled test-tubes (100 mm. X 12 mm.) and immersed into boiling
water for 2min. to dinactivate the receptor-destroying agent. After
adjusting the volume to 1 ml. with 0.15 M<NaCl - 0.01 m~phosphate
buffer, pH 7.0, the sample was added with 0.5ml. of 10% (v/v) suspen-
sion of formolized sheep erythrocytes in the same salt solution. The
mixture was incubated in a water bath at 37° for 1 hr. with occasional
stirring and left overnight in the cold to permit the adsorption of the
Vi-polysaccharide on erythrocytes. Throughout the experiment stirring
was performed by means of a rubber cork fixed excentrically on the
motor spindle. The next day the supernatant was discarded and the
sediment of erythrocytes washed once with NaCl-phosphate buffer; the
final sediment was then drained off thoroughly and the test-tube was
put into ice-water. The Vi-phage II crude suspension was adjusted to
the concentration of 3 -4 X 10 particles/ml. by suitable dilution with
mSB medium and after cooling in ice-water, 2 ml. were added to the
test-tube and the contents were stirred vigorously. The mixture was
incubated for 5 min. in ice-water and centrifuged for 2 min. at 1000 g
in cooled centrifuge vessel. The supernatant was immediately separated
and taken for phage estimation. The quamtity of unadsorbed phage was
the measure of the receptor activity of the examined sample, its value
being found graphically (Fig. 2). As throughout this work different
crude phage suspensions were applied, the receptor activity wvalues
were referred to a standard Vi-polysaccharide preparation.

In preliminary experiments it was found that heating for 1 min. in
boiling water inactivated the receptor-destroying agent and that incuba-
tion even for 10 min. at 100° of Vi-polysaccharide with the crude Vi-
-phage II suspension inactivated by heating, did not interfere with the
estimation of the receptor activity.

http://rcin.org.pl



160 K. TAYLOR [4]1

RESULTS

Properties of the receptor-destroying agent

In order to identify the receptor-destroying agent, the crude phage
suspension (4 X 10/ml.) was centrifuged in MSE-Major centrifuge at
24 000 g for 90 min. at 0°. The sediment, containing practically the whole
original quantity of the phage, was suspended in the initial volume of
mSB medium. Both this suspension and the supernatant were incubated
with equal volumes of Vi-polysaccharide solutions (200 RU/ml.) and the
receptor activity was estimated at 15 min. intervals. The results shown
in Fig. 3 indicate that the whole receptor-destroying agent was present

§ 3 a b

I el 100

% £ >

RE <

Ll gl

= | S 50 50

BaE= | 8

S | 53

g I 8

S | 1 |
a5 010 0 1 0 1

Sample volume(ml.) Time of incubation (hr.)

Fig. 2 Fig. 3

Fig. 2. Estimation of Vi-polysaccharide receptor activity. The wolume of the
examined sample amounted to 0.1:ml., the concentration of unadsorbed Vi-phage II
to 1 X 101"/m]l. The amount of Vi-phage in the control sample was 3 X 10'Y/ml.
One receptor unit corresponds here to 0.05ml., hence 1 ml. of the reaction mixture
contained 20 receptor units at the sampling time.
Fig. 3. Destruction of the receptor activity of Vi-polysaccharide by (a), crude Vi-
-phage II suspension (2 X 10"/ml. of the incubation mixture) and (b), the suspension
after centrifugation for 90 min. at 24000 g; (O), sediment, (@), supernatant.
Conditions: mSB medium, pH 7.2, 37°.

in the sediment. As it was also found that the receptor-destroying activity
per phage particle was the same for crude preparations as for the puri-
fied ones, it seems that the phage particle can be considered as the
receptor-destroying agent. The findings that the receptor-destroying
agent is mon-diffusible and is inactivated by short heating at 100° are
in accordance with this conclusion. The rate of destruction of the
receptor activity at 37° plotted against phage concentration (Fig. 4)
showed a linear relationship.

Purified Vi-phage II suspension was incubated with Vi-polysac-
charide solution and the loss of the receptor activity and the amount of

http://rcin.org.pl



B

15] REACTION OF Vi-PHAGE WITH Vi-POLYSACCHARIDE 161

infective phage particles were estimated (Fig. 5). The results indicate
that the phage, while it destroyed the receptor activity of the poly-
saccharide, did not lose its infectivity.

Vi-polysaccharide solution was incubated with purified Vi-phage II
suspension and samples were taken every 15 min. for receptor activity
estimation. After 2 hr. incubation, a second portion of Vi-polysaccharide

i

3

Reaction rate (RU/ml./30min.)
8
1

| | |
05 1 2

Vi-phage II concn. x 10~ /ml.

Fig. 4. Effect of Vi-phage II concentration on the destruction rate of the receptor
activity of Vi-polysaccharide. Conditions: mSB medium, pH 7.2, 37°.

Phage x40~ */mil.

Receptor units /ml.

| |
0 1 2 3

Time of incubation(hr)

Fig. 5. Effect of incubation of Vi-polysaccharide with purified Vi-phage II pre-
paration on (O), receptor activity of the polysaccharide and (@), infectivity of
phage. Conditions: mSB medium, pH 7.2, 37°.

was added and the receptor activity was determined again. The results
presented in Fig. 6 indicate that although the receptor activity was
almost completely destroyed after 2 hr. incubation, the phage main-
tained its ability to act on a mew portion of polysacchanide. In the first
part of the experiment the initial reaction rate amcunted to
30 RU/m1./30 min. and in the second one to 15 RU/ml./30 min.; however,
two-fold phage dilution should be taken into consideration.

Simple reaction medium

In the experiments presented above, the destruction of the receptor
activity due to the phage was studied in mSB medium, composed of
enzymic lactalbumin hydrolysate, glucose, citrate, and inorganic salts.
It seemed advisable to simplify as far as possible the medium in which
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purified phage preparations and Vi-polysaccharide were to be suspended
and the reaction studied; for this purpose three salt soluticns were
chosen: Na,K-phosphate buffer, pH 7.0, 0.1 [4]; tris-HCI buffer, pH 7.0,
w 0.1 [4], and 0.1 m-ammonium acetate adjusted to pH 7.0 with aqueous
ammonia solution. In ammonium acetate solution the initial rate of
destruction of the receptor activity was the same as in mSB medium,

8
o

L.

Receptor units/m
&

-

| | |
0 1 2 3 4

Time of incubation (hr)

Fig. 6. Destruction of the receptor activity of Vi-polysaccharide by the purified

Vi-phage II preparation (1 X 10*/ml., of the incubation mixture). After 2 hr.

incubation, an equal volume of Vi-polysaccharide (200 receptor umnits/ml) was
added. Conditions: mSB medium, pH 7.2, 37°.

about 60 RU/ml./30 min. for the phage concentration amounting to
2 X 101/ml. of the incubation mixture and in tris-HCIl buffer it was
a little lower. On the other hand, the phosphate buffer caused a signi-
ficant inhibition of the reaction rate. Further experiments were there-
fore carried out in 0.1 M-ammonium acetate.

Kozinski & Opara [7] found it difficult to reproduce the loss of
receptor activity and thought that this difficulty might be due to the
presence of unidentified inhibitors. Taking into account their results
and the observed inhibition of the reaction by phosphate, an examina-
tion was undertaken of the effect of EDTA and two of the thiol group
inhibitors, namely p-chloromercuribenzoate and N-ethylmaleimide. The
reaction was carried out in 0.1 M-ammonium acetate, pH 7.0, at 37°, the
concentration of the polysaccharide in the incubation mixture being
100 RU/ml. and that of the phage 2 X 10!Y/ml. Neither 10—%m-p-chloro-
mercuribenzoate nor 103 m-N-ethylmaleimide diminished the initial
reaction rate. On the other hand, 102 mM-EDTA significantly inhibited
the reaction. As it has been found that Vi-polysaccharide adsorbed on
the formolized erythrocytes has a much lower ability to adsorb Vi-
-phage II in the presence of EDTA, in these experiments the estimation
of receptor activity was slightly modified: to the solution used for
completing the sample to the volume of 1 ml. before the addition of
erythrocytes, 0.01 M-MgCl, was added and 0.01 M-phosphate buffer was
replaced by 0.01 m-tris-HC1 buffer, pH 7.0. By this modified method it
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:
Fig. 7. Effect of EDTA on the destruction of the § bl ]
receptor activity of Vi-polysaccharide by the =
purified Vi-phage II preparation (2 X 10'/ml, of g
the incubation mixture); incubation: (O), with-
out, and (@), with 0.01 v-EDTA. Conditions: 5 1
0.1 y-ammonium acetate, pH 7.0, 37°. Time of incubation (hr.)

was shown that EDTA in 10~2 M concentration caused a decrease in the
initial reaction rate by about 80% (Fig. 7). The addition of 10—2 m-MgCly
to the incubation mixture had no marked effect on the course of the
reaction.

Effect of temperature and pH

The reaction was carried out in 0.1 m~ammonium acetate, pH 7.0, the
concentration of the polysaccharide being 100 RU/ml. and that of the
phage 2 X 10!!/ml. The mixture was incubated in Hoeppler ultrathermos-
tat at 17°, 27° or 37° (Fig. 8). Within the range of 17 - 37° an increase
of temperature by 10° caused an 1.6 to 1.7-fold increase of the reaction
rate.

The effect of pH presented in Fig. 9 indicates a broad pH optimum
on the alkaline side. The experiments were performed in 0.1 Mm-ammonium
acetate adjusted to appropriate pH with 0.1 m-acetic acid, or 0.1 m-

o
S

15 60 |-

8
T

30—

Reaction rate (RU/ml./30min.)

{ | | | 1 | | |

7 27 37 5 6 7 8 9
Temperature(°) pH
Fig. 8 Fig. 9

Fig. 8. Effect of temperature on the destruction of the receptor activity of Vi-

-polysaccharide due to Vi-phage II. Vi-polysaccharide concentration: 100 receptor

units/ml., Vi-phage II concentration: 2 X 10//ml. Conditions: 0.1 v-ammonium
acetate, pH 7.0.

Fig. 9. Effect of pH on the destruction of the receptor activity of Vi-polysaccharide
by Vi-phage II. Vi-polysaccharide concentration: 100 receptor units/ml., Vi-phage 1I
concentration: 2 X 101/ml. Conditions: 0.1 m-ammonium acetate, 37°.
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-ammonia, under toluene. In these conditions the pH value of the
medium did not change in the course of the incubation (only at pH 9.0,
a fall to 8.9 was observed); toluene had no effect on the reaction.
Control experiments have also shown that the receptor activity of Vi-
-polysaccharide is stable in the chosen pH range.

DISCUSSION

In the present study a simple, defined medium and approximate pH
optimum for the reaction between Vi-phage II and Vi-polysaccharide
were determined, and the effect of temperature on the reaction rate
was examined. It has been observed that meither toluene nor thiol
group reagents inhibit this reaction.

EDTA was found to influence the reaction of destruction of the
receptor activity of Vi-polysaccharide by Vi4phage II, by lowering the
ability of the polysaccharide to adsorb the phage. This seems to indicate
that divalent cations are involved in the binding of the phage by the
polysaccharide. Maybe that the divalent cations act by lowering the
negative charge of the acid Vi-polysaccharide by forming complexes
with carboxyl groups.

The presented results seem to support the suggestion concerning the
enzymic character of the action of Vi-phage II on Vi-polysaccharide.
It was shown that the phage particle itself may be considered as the
agent causing the destruction of the receptor activity of the poly-
saccharide. The phage loses this ability after short heating at 100°.
The dependence of the reaction rate on temperature may (but need mot)
be a manifestation of an enzymic reaction. The activation energy,
calculated from the obtained data by the Arrhenius equation, amounts
to about 9000 cal./mole, a value often encountered in enzymic reactions.
The enzymic character of the reaction is supported by the experiments
which show that after incubation with the polysaccharide not only the
infectivity of the phage but also its ability to destroy the receptor
activity of a new portion of the polysaccharide, are maintained.

The presented results are apparently contradictory to those obtained
by Baron et al. [2] and by Staub [10] who reported that Vi-phage II was
inactivated by Vi-polysaccharide. This, however, can be elucidated by
a quantitative comparison. In the experiments of Baron et al. after
18 hr. of incubation at 37°, 1ug. of the polysaccharide inactivated about
10° phages, and in the experiments of Staub after 1 hr. of incubation
at 44°, up to 108 phages (personal communication). In our experiments
[14] during 18 hr. of incubation at 37° the maximum quantity of phages
inactivated by 1 ng. of the polysaccharide amounted to 3 X 106. So small
quantities of inactivated phages could not be detected in the experi-

ments presented in this paper, /performed at 37° at phage concentration
http://rcin.org.pl
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of the order of 10'"/ml. This trace inactivation does not seem to be
connected with the destruction of the receptor activity of Vi-poly-
saccharide.

The author wishes to express his thanks to Doc. Dr. M. Zydowo for
making available the MSE centrifuge, to Dr. Alina Taylor for the Vi-
-polysaccharide preparations, and to Mr. B. Kwiatkowski, M. Sc., for
the electron micrographs of different stages of phage purification.
Thanks are also due to Mrs. J. Starczewska for waluable technical
assistance.

SUMMARY

It has been found that the destruction of the receptor activity of
Vi-polysaccharide due to Vi-phage II action, may occur in 0.1 m-am-
monium acetate medium. The effect of temperature and pH on the
reaction rate was studied. The reaction was inhibited by EDTA but
p-chloromercuribenzoate and N-ethylmaleimide had no effect.

After incubation with the polysaccharide, the infectivity of the phage
as well as its ability to destroy the receptor activity of a new portion
of the polysaccharide, were maintained.
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BADANIE UTRATY AKTYWNOSCI RECEPTOROWEJ WIELOCUKRU Vi,
ZACHODZACEJ PODCZAS INKUBACJI Z FAGIEM Vi II

Streszczemnie

Stwierdzono, Zze utrata aktywnos$ci receptorowej wielocukru Vi wskutek dzia-
lania faga Vi II moze zachodzi¢ w §rodowisku 0.1 M-octanu amonu, Zbadano wplyw
temperatury i pH mna szybko§¢ tej reakcji. Reakcja jest hamowana przez EDTA,
natomiast p-chlororteciobenzoesan i N-etylomaleimid nie wywieraja na mnia
wplywu.

Po inkubacji z wielocukrem zostaje zachowana zaréwno infekcyjnosé faga,
jak i jego zdolnosé rozkladania aktywnos$ci receptorowej nowej porcii wielocukru.

Received 25 November 1964.
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In mammals, the main oxidative metabolism of tyrosine proceeds
through p-hydroxyphenylpyruvate, homogentisate and fumarylaceto-
acetate to fumarate and acetoacetate.

Canellakis & Cohen [2] demonstrated the presence in pigeon liver
of tyrosine-a-ketoglutarate aminotransferase (EC 2.6.1.5), and Crandall
& Halikis [3] of homogentisate oxygenase (EC 1.13.1.5); in the previous
work [16] the activity of p-hydroxyphenylpyruvate oxidase (EC 1.14.2.2)
has been demonstrated. These observations suggest that in the pigeon
the breakdown of tyrosine follows the same pathway as in mammals.
In other animals the main catabolic pathway of tyrosine is still
unknown, and in the present work the oxidation of tyrosine has been
studied on some poikilothermic vertebrates and lower animals. Some
preliminary results have been reported [16, 17].

EXPERIMENTAL

Material. For experiments, hepatopancreas of snail, Helix pomatia,
and livers of the following animals were used: perch, Lucioperca sandra;
pike, Esox lucius; frog, Rana esculenta; sand lizard, Lacerta agilis;
pigeon, Columba domestica; and albino rat. The frogs were tested in
winter (during hibernation), in spring (during the mating season) and
in summer.

Isolated livers were immediately homogenized at 4° with half their
volume of water, and acetone-dried preparations were made according
to La Du & Greenberg [8]. For experiments, freshly prepared extracts
were used; acetone powder was homogenized with 10 or 20-fold volume
of an appropridte buffer in a Potter homogenizer, and after 20 min.
centrifuged, the supernatant being used for the assays. Protein in the
extracts was determined by the tannin micromethod of Mejbaum-
-Katzenellenbogen [15].
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Determination of enzymic activity. Two to four preparations of aceto-
ne-dried liver were prepared, several separate extracts being made from
each preparation. The enzymic activity of the preparations kept in an
evacuated desiccator remained unaltered for some weeks. The amount
of extract used for incubation was chosen so as to obtain a linear rela-
tionship between the enzymic activity and the amount of protein, two
different concentrations of protein being used for each assay. For deter-
mination of activity, the time of reaction was 2 hr. for aminotransferase
and 10 min. for the oxidases to keep within the range of the linear rate
of the reaction, and the results were calculated per 100 mg. of protein.

Chemicals used: a-Ketoglutaric acid (B.D.H., England), pyridoxal
phosphate and matrium diethyldithiocarbamate (California Conp. for Bio-
chemical Research, U.S.A.), p-hydroxyphenylpyruvic acid (Mann Re-
search Lab. Inc., New York, U.S.A.), reduced glutathione (Nutritional
Biochemical Cormp., Cleveland, Ohio, U.S.A.), homogentisic acid and tris
(Sigma Chemical Company, St. Louis, U.S.A.), hydrocortiscne (Hydro-
adreson, N.V. Organon OSS, Holland). L-Tyrosine and other reagents were
of Polish origin.

Tyrosine—a-ketoglutarate aminotransferase

The activity of this enzyme was studied in a system containing in
2.5 ml.: 6 wmoles of tyrosine, 12 umoles of e-ketoglutarate, 30 mngrams
of pyridoxal phosphate, 50 wmoles of tris buffer, pH 8.1, 5 wmoles of
natrium diethyldithiocarbamate, and extract from acetone-dried liver
in 0.05m-tris buffer, pH 8.1. The reaction mixture was incubated in
a Hoppler ultrathermostat at 30° for 2 hr. To step the reaction, 0.5 ml.
of 30° trichloroacetic acid was added and the precipitated protein was
centrifuged off. The formed p-hydroxyphenylpyruvate was assayed spec-
trophotometrically by the enol borate-tautomerase method of Lin et al.
[13] for arylketoacids, the extinction at 310 mu of the complex being
measured in an Unicam SP 500 spectrophotometer. In the control sam-
ples, in which either one of the components, tyrosine, a-ketoglutarate
or enzyme, was omitted or inactivated enzyme was used, the complex
did not form.

The second reaction product, glutamic acid, was identified by paper
chromatography; 0.1 ml. of the deproteinized supernatant was applied
on Whatman mo. 1 paper and the chromatogram developed in water-
-saturated phenol for 15 hr. by the ascending technique. After drying
for 24 hr., the spots were located by spraying with a 0.1% solution of
ninhydrin in water-saturated n-butanol. For experiments®aiming at iden-
tification of glutamic acid, dialysed extracts were used; this was found
necessary due to the presence of small amounts of this amino acid in the
extracts.
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After incubation, on the chromatograms of the proper samples, in
addition to the spot of tyrosine (Rf, 0.62), appeared a spot whose
Ry value, 0.28 -0.32, corresponded to that of an authentic sample of
glutamic acid. Glutamic acid was not found in the absence of active
enzyme, of tyrosine, or of a-ketoglutarate.

The addition of pyridoxal phosphate appeared to be mecessary for
the reaction (Fig. 1). In its absence the activity of aminotransferase did
not exceed 1/5 of the maximum activity, so it seems that most of the
endogenous coenzyme was removed during preparation of the acetone
powder. The optimum pH for the aminotransferase activity in perch
liver extract was from pH 7.8 to 8.5 (Fig. 2), the pH curve being similar
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Fig. 1. The effect of pyridoxal phosphate on the activity of tyrosine-a-ketoglutarate
aminotransferase in acetome-dried-liver extract from the perch. Conditions as
described in text; amount of protein per sample, 0.2 mg.; (O), whole sample;
(@), no pyridoxal phosphate; (---), no tyrosine or no a-ketoglutarate.
Fig. 2. The effect of pH on the activity of tyrosine-a-ketoglutarate amino-
transferase in the acetone-dried-liver extract from the perch. Conditions as
described in text; amount of protein per sample, 0.2mg. For the pH values
7.0 - 8.0, phosphate buffer; for pH 8.0 - 9.0, tnis buffer.

to that for rat liver aminotransferase, only slightly shifted towards the
alkaline side. No difference was found using tris or phosphate buffer.

The activity of tyrosine-a-ketoglutarate aminotransferase (Table 1)
was found to be high in the perch, pike and frog, several times higher
than in the rat. In the frog, the activity of the enzyme was higher
in the spring and summer than in winter; in the mating season no dif-
ferences between the two sexes were found.

Lin & Knox [11] observed that intraperitoneal administration to
rats with intact adrenal glands of tyrosine or of hydrocortisone resulted
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Table 1

Activity of tyrosine aminotransferase in extracts from acetone-dried
livers of various animals

The amount of protein in the samples ranged from 0.05 mg. (in fishes) to 4 mg.
(in the pigeon) depending on the activity. The results are mean values, with
limit values in parentheses; they are expressed as pumoles of p-hydroxyphenyl-

pyruvate formed/100 mg. protein/2 hr.

Animal No. of determinations Activity I
Rat f 11 25.7 (21.2- 30.5) ‘
Pigeon : 9 1.8 (1.6- 2.0)
Lizard | 7 13.8 (12.6- 16.9)
Pike 6 115.4 (114.1-117.2)
Perch 5 181.0 (168.5 - 188.3) [
Frog, winter 6 51.8 (47.5- 56.9)
Frog, spring 5 74.9 (63.5- 79.5)
Frog, summer 3 ‘ 109.2 (107.4 - 112.0)
Snail 5 ‘ 34 (32- 37

in a several-fold increase in the activity of tyrosine-a-ketoglutarate
aminotransferase in the liver, lasting for several hours. In the present
work, an attempt was made to obtain a similar effect in the frog.

The animals were injected intraperitoneally with a physiological
saline suspension of tyrosine (1 m-mole per 300 g. body weight) or of
hydrocortisone (10 mg. per 100 g. body wt.). The control animals were

Table 2

Effect of tyrosine and hydrocortisone on the activity
of tyrosine-a-ketoglutarate aminotransferase

Tyrosine (1 m-mole/300 g. body wt.) or hydrocortisone (10 mg./100 g. body wt.) were
administered intraperitoneally as a suspension in 0.9%/0 NaCl. The control animals
received 0.9% NaCl. At the time indicated in the Table, the animals were killed,
the livers were acetone-dried, and in the extract the enzymic activity was
assayed. The results are mean values from experiments on 3 animals; in paren-
theses the limit values are given. The activity is expressed as umoles of p-hydro-
xyphenylpyruvate formed/100 mg. protein/2 hr.

Time after 5
Animal injection 0.9% NaCl, Tyrosine Hydrocertisone
(hr.) control

Rat 5 24 (23.7- 24.6) | 46.6(45.8-47.4) | 177.5 (174 -182)
Frog, winter 5 50 (47.5- 52.5)| 53 (49.6-56.7) 49 (484- 51)
Frog, summer 5 109 (107.8 - 110.6) 108 (104 -115)
Frog, summer 10 110.5 (107.3 - 113.7) | 106.6 (914-115)
Frog, summer 15 112.6 (108.6 - 116.6) | | 106  (912-118.3)
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injected with 0.9% NaCl solution only. In agreement with the experi-
ments of Lin & Knox [11, 12] 5 hr. after the administration of tyrosine
or hydrocortisone to the rats the activity of aminotransferase increased,
respectively, 2- and 7-fold. In the frog neither in winter, when the
protein metabolism is very low, nor in summer did this effect appear
(Table 2). As the absonmption of hydrocortisone could be expected to be
slower in the frog than in the rat, the enzymic activity was tested mot
only 5 hr., but also 10 and 15 hr. after the injection. Even so, no increase
of aminotransferase activity due to hydrocortisone, was observed.

p-Hydroxyphenylpyruvate oxidase

p-Hydroxyphenylpyruvate, a tyrosine transamination product, is oxi-
dized in mammals to homogentisate through a complex reaction involving
oxidation, decarboxylation, and shifting of the side chain. The activity
of this oxidase was assayed manometrically in a Warburg apparatus
according to La Du & Zannoni [9]. The main compartment of the flask
contained 0.5 ml. of 0.1 M~phosphate buffer, pH 6.5, 25 ug. of 2,6-dichlo-
rophenolindophenol, 20 umoles of reduced glutathione, 2 wmoles of a,a’-
-dipyridyl, and an appropriate amount of the acetone-dried-liver extract
in 0.1 m-phosphate buffer, pH 6.5. Although the pH optimum for this
reaction is above 7, the value of 6.5 was applied since according to Pitt
[18] at pH values above 7 in the presence of oxygen, p-hydroxyphenyl-
pyruvate is non-enzymically oxidized to p-hydroxybenzaldehyde and
oxalate. The side arm of the manometric flask was filled with 5 mmoles
of p-hydroxyphenylpyruvate, and the central well with 0.2 ml. of 10%
KOH. The final volume of the fluid was 2.8 ml., with air as the gas phase
and temp. 30°. After equilibration of temperature, the substrate was
tipped in, and oxygen consumption was read every 10 min. Homogentisic
acid was identified by paper chromatography after deproteinization with
0.42 ml. of 20°% metaphosphoric acid. The separation was performed
according to Knox & LeMay-Knox [7] in an atmosphere of formic acid
vapour on Whatman no. 1 paper, using water-saturated n-butanol. The
spots were located by spraying with ammoniacal AgNO3; which gives
with homogentisic acid a black-blue spot with Ry 0.70.

In the livers of all animals tested except the frog, oxidation of p-hy-
droxyphenylpyruvate was observed. The oxygen consumption was at its
maximum after about one hour of incubation, and when the endogenous
oxidation was subtracted, the values obtained did mot exceed 110 ul. O,,
that is the amount necessary to oxidize 5 uwmoles of hydroxyphenylpy-
ruvate. In the control samples containing no enzymic extract, no oxygen
uptake was observed.

The activity was the highest in fishes (Table 3), being about 8 times
higher than that found in the rat, and in the pigeon and lizard 2-3 times
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Table 3

Activity of p-hydroxyphenylpyruvate oxidase
in acetone-dried-liver extracts

The assays were made in a Warburg apparatus, as described in text. The amount
of protein in samples was from 3.5 mg. (in fishes) to 50 mg. (in the snail). The
results are mean values, with limit values in parentheses; they are expressed
as pl. of utilized oxygen/100 mg. protein/10 min. of incubation. After incubation, the
presence of homogentisic acid was assayed chromatographically.

Aditmal No. of deter- Control With substrate A Homogen-|
minations (no substrate) tisic acid
| 1 |
| :
Rat ‘ 8 17 (10- 29) 55 (51- 68) l el
Pigeon 4 49 (41- 60) 150 (138 - 164) 11 R R
Lizard \ 2 26 (22- 40) | 109 (99-118) | 83 %
Pike R 12 (9- 15) 255(230-278) | 243 +
Perch 4 155(115-202) | 491(417-562) | 336 | o+
Frog, winter { 4 37 (31- 44) 37 (28- 41) 1 Phds e
Snail | 4 26 (24- 27) 61 (56- 64) 35 =
| ‘ ¥

higher than in the rat. It was found by chromatography that hydro-
xyphenylpyruvate gradually diminished during incubation and eventual-
ly disappeared, and homogentisate was simultaneously formed.

The oxygen uptake in snail hepatopancreas was similar to that found
in the rat, but mo formation of homogentisate could be demonstrated.
In the frog, neither during hibernation nor in spring or summer could
the activity of p-hydroxyphenylpyruvate oxidase be observed. Since
some inhibitor could be expected to be present in the liver extracts, the
extracts were dialysed for 18 hr. against water; this, however, had no
effect on the enzymic activity. Also no inhibition was found to occur
when the frog extract was added to the perch extract. Since in mammals
the hydroxyphenylpyruvate oxidase is known to contain tightly bound
copper [5] it was thought that in the frog this bonding may be less strong
and that during acetone-drying the copper may become dissociated.
When, however, the Cu?* ion was added to the incubation mixture, this
resulted only in an increase of endogenous respiration but had no effect
on the oxidation of hydroxyphenylpyruvate.

Since it appeared impossible to demonstrate the presence of hydro-
xyphenylpyruvate oxidase in frog liver, attempts were made to find
it in the kidney, but the results obtained were also negative.

Oxidation of homogentisate

The conversion of homogentisate to fumarate and acetoacetate is ca-
talysed by three-component enzymic system (Knox & Edwards [6]): oxy-
genase containing the Fe?* ion, oxidatively cleaves the aromatic ring
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of homogentisate to form maleylacetoacetate which is converted by cis-
-trans isomerase activated by glutathione to fumarylacetoacetate which
in turn is hydrolysed to yield fumarate and acetoacetate.
Homogentisate oxygenase was determined manometrically in a War-
burg apparatus. The main compartment contained 100 wmoles of tris
buffer, pH 7.2, 10 pmoles of reduced glutathione, 2 wmoles FeSO;, and
acetone-dried-liver extract in tris buffer, pH 7.2. To the side arm was
added 10 ul. of homogentisic acid which had mot been neutralized to
prevent mon-enzymic oxidation. The central well was filled with 0.2 ml.
of 10°% KOH. The final volume of fluid was 3.0 ml., with air as the
gas phase and temp. 30°. After temperature equilibration, the substrate
was tipped in, and oxygen consumption was read every 10 min., the
values over the endogenous respiration of the extract being taken as the
measure of enzymic activity. Maximum oxygen uptake mever exceeded
220 ul. O,, that is the value corresponding to the oxidation of 10 wmoles
of homogentisate. In samples with no Fe?* added, there was no oxidation

200

0, uptake (ul.)

100 — s
Fig. 3. Oxidation of homogentisate by the ace-
tone-dried-liver extract from the perch. Condi- S
tions as described in text; amount of protein per A —A
sample, 15 mg.; (O), whole sample; (@), no *:ﬁf/yl
homogentisic acid; (A), no glutathione; (A), 20 40 60
no FeSOjy. Incubation time (min.)

of homogentisate indicating the loss of this ion during the preparation
of the acetone-dried liver. When mo glutathione was added, the reaction
was much slower (Fig. 3).

In the livers of all animals tested except the snail, oxidation of homo-
gentisate was observed (Table 4). However, the activities per 100 mg.
protein per 10 min. of incubation were always lower than in the rat.

After 1 hr. incubation, acetoacetate was estimated by the method of
Edson [4] which consists in estimating the amount of CO, resulting from
decarboxylation of acetoacetate catalysed by aniline citrate. Within
12 min. at pH 4, all acetoacetic acid undergoes decarboxylation but no
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fumarylacetic acid is decarboxylated [3]. In all samples in which the
oxidation of homogentisate took place, formation of acetoacetate was
observed; in the coentrol samples no acetoacetate was detected.

Table 4

Oxidation of homogentisate by acetone-dried-liver extracts

Conditions of experiment as described in text. The amount of protein in samples
from 7.5 mg. to 55 mg. The results are mean values, with limit values in paren-
theses; they are expressed as pl. of utilized oxygen/100 mg. protein/10 min. of

incubatiom.

‘ Animal No. of deter- Control With substrate 4
I minations (no substrate)
] Rat 4 91 (81 - 107) 512 (450 - 568) 421
“ Pigeon 4 8 (4- 14) 166 (155 - 180) 158
! Lizard 2 20(12- 28) 120 (90 - 150) 100
| Perch 4 107 (84 - 140) 383 (364 - 406) 266
" Frog, winter 4 39(34- 43) 278 (236 - 310) 239

Snail 4 17(12- 21) 16 (11- 29) 0

When 1 mole of oxygen is utilized for the oxidation of homogentisate,
formation of 1 mole of acetoacetate could be expected; the results shown
in Table 5 indicate, however, that the amount of acetoacetate formed
corresponded to only about a half of the oxygen utilized. It seems,
therefore, that after 1 hr. incubation only a half of maleylacetoacetate
formed was further hydrolysed to fumarate and acetoacetate.

v lable b

Oxidation of homogentisate and formation of acetoacetate
by acetone-dried-liver extracts

Conditions as described in text.

Anitial Amount of protein 0O, utilized IAcetoacetate formed

(mg./sample) (umoles/1 hr./sample)

Rat l 24 ; 5.1 ; 34
24 5.5 , 3.1

Pigeon 55 5.5 2.1

55 6.1 2.5

Lizard 40 3.2 135

‘ 40 3.1 1.6

l Perch ‘ 15 8.6 , 5.0

i 15 8.0 ‘ 45

Frog, winter | 2 ‘ 4.2 22

' 22 4.3 20
! Snail ’ 34 | 0.3 0
i 1 34 f 0.28 . 0
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DISCUSSION

The presented experiments indicate that the oxidative breakdown
of tyrosine in the pigeon, lizard, pike and perch follows the same path-
way as that found in mammals. Since all determinations were carried
out under the same conditions and at the same temperature, and the
extracts from acetone-dried livers may be regarded as a fairly uniform
material, it seemed that a comparison of the activities obtained may be
allowed. Rat liver was taken as reference and activities found in other
animals were expressed in relation to this activity, taken as 100 (Table
6). The values obtained were found to differ widely, and moreover there
was no parallelism between the successive enzymes of the oxidative
breakdown of tyrosine.

Table 6
Comparison of activity of the enzymes of oxidative breakdown
of tyrosine in liver

The activities were referred to the activity found in the rat; the values given
were calculated from Tables 1, 3 and 4.

Tyrosine-a-keto- p-Hydroxyphe- ! i
Animal glutarate amino- nylpyruvate Homogentndle

transferase - oxidase oxygenase ‘
| Rat 100 100 100
Pigeon 7 266 ‘ 37
Lizard 54 220 ‘ 24
Pike 440 640 o

Perch 700 880 63 .

Frog, winter 200 ; 0 57
| Frog, spring 290 0 =
; Frog, summer 420 0 ; e
| Snail 13 } 93* ‘ 0

Only utilization of oxygem was found; homogentisate, the reaction product, was not demonstrated.

In the pigeon, the activity of tyrosine aminotransferase was rather
low, the activity of p-hydroxyphenylpyruvate oxidase was 2.5 times
that found in the rat, and the activity of homcgentisate oxygenase again
lower. Similar relations were found in the lizard. On the other hand,
in fishes both aminotransferase and p-hydroxyphenylpyruvate oxidase
were 4 -9 times more active than the corresponding enzymes in the rat,
while homogentisate oxygenase in the perch had but half of the activity
found in the rat. It seems that in fish livers very high activity of amino-
transferases is present as the activity of aspartate-a-keteglutarate amino-
transferase found in carp liver exceeded 30 times that in the rabbit and
pigeon (Raczynska-Bojanowska & Gasiorowska, unpublished results).
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Quite unexpected results were obtained with the frog. In all mature
frogs, irrespective of the seasonal physiological conditions, the activity
of aminotransferase was high, 2-4 times that found in the rat, but
neither in spring and summer nor in winter was it possible to demon-
strate the presence of p-hydroxyphenylpyruvate oxidase. Although the
enzyme catalysing the formation of homogentisate was not present, the
enzyme oxidizing homogentisate was found to be fairly active.

The lack of only one enzymic reaction in the tyrosine breakdown
chain in the frog would be in some respect analogous to alkaptonuria,
an inborn error of metabolism in man. In 1958 La Du, Zannoni, Laster
& Seegmiller [10] studying a fragment of liver tissue taken intra opera-
tionem from an alkaptonuric patient, found that homogentisate oxy-
genase activity was the only intermediate step missing, while the acti-
vities of tyrosine aminotransferase, p-hydroxyphenylpyruvate oxidase,
maleylacetoacetate isomerase and fumarylacetoacetate hydrolase did not
differ from those of normal subjects. Lia Du et al. were also unable
to demomnstrate the presence of an inhibitor of the missing enzyme.

The lack of p-hydroxyphenylpyruvate oxidase in the frog seems to
be analogous to another defect of tyrosine metabolism in man which has
been described by Medes and termed tyrosinosis [14]. The patient ex-
creted in the urine p-hydroxyphenylpyruvate and p-hydroxyphenyllac-
tate, presumably due to the inability to oxidize p-hydroxyphenylpy-
ruvate.

In the snail, the aminotransferase activity was but slight, and the
subsequent enzymes of tyrosine metabolism could not be demonstrated.
Although the extracts from the hepatopancreas in the presence of p-hy-
droxyphenylpyruvate utilized oxygen, the oxidation did not lead to the
formation of homogentisate, and also homogentisate was not oxidized.

These results are similar to observations made on insects. Sekeris &
Karlson [19] demonstrated the presence of tyrosine-a-ketoglutarate amino-
transferase in Calliphora larvae, but the hydroxyphenylpyruvate formed
was reduced to p-hydroxyphenylpropionate. A low activity of amino-
transferase in pupae and adult moth of Celerio euphorbiae was observed
by Belzecka, Laskowska & Mochnacka [1], while the attempts at demon-
stration of the oxidation of p-hydroxyphenylpyruvate in homogenates
from caterpillars, pupae in summer, and adult moth, were unsuccessful
(Michatek-Moricca, unpublished results). Only in the diapauzing pupae,
similarly as in the snail, oxygen consumption in the presence of p-hydro-
xyphenylpyruvate was observed, but the formation of homogentisate
could not be demonstrated. It seems, therefore, that in the invertebrates
tested so far, i.e. in the snail Helix pomatia, in Calliphora and in Celerio
euphorbiae, the main pathway of tyrosine metabolism differs from that
found in mammals.
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SUMMARY

1. It was found that in the livers of pigeon, lizard, perch and pike,
tyrosine is oxidatively decomposed to fumarate and acetoacetate, simi-
larly as in mammals. y

2. In adult frog, one of the intermediate steps, p-hydroxyphenyl-
pyruvate oxidase, could not be demonstrated. It seems that a metabolic
block is involved.

3. In snail hepatopancreas, only tyrosine aminotransferase was demon-
strated, and the breakdown of tyrosine seems to proceed through a diffe-
rent pathway. '
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BADANIA POROWNAWCZE NAD PRZEMIANA TYI.QOZYNY
U ROZNYCH ZWIERZAT

Streszczenie

1. Stwierdzono, ze w watrobie golebia, jaszczurki, sandacza i szczupaka tle-
nowy rozklad tyrozyny biegnie takg samg drogg jak u ssakéw do fumaranu i aceto-
octanu.

2. U doroslej zaby nie udalo sie wykazaé¢ jednego enzymu z ciggu reakcii,
oksydazy p-hydroksyfenylopyrogronianu. Wydaje sie, ze jest to blok metaboliczny.

3. W hepatopancreas §limaka wykazano jedynie aminotransferaze tyrozyny;
prawdopodobnie rozktad tyrozyny idzie inng droga.

Received 26 November 1964.
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In 1957 Chance & Hollunger [2] found that micotinamide-adenine
dinucleotides of tightly coupled rat heart mitochondria could be largely
reduced upon the addition of succinate. In mitochondria of locusta
flight muscle and in rat skeletal muscle mitochondria the same result
could be obtained when glycero-1-phosphate was used as substrate [8].
Further studies carried out in wvarious laboratories showed that this
effect was dependent on the supply of energy and it has been inter-
preted as an energy-linked reversal of the electron flow through the
respiratory chain [6].

The purpose of this work was to study the influence of choline and
sarcosine, two substrates oxidized directly by flavoprotein enzymes [3, 10]
on the degree of reduction of the mitochondrial nicotinamide-adenine
dinucleotides.

MATERIALS AND METHODS

Wistar albino rats weighing from 220 to 250 g. were used without
prior starving. The animals were killed by decapitation, the livers
removed immediately, immersed in ice-cold 0.25M-sucrose solution and
washed several times with this medium. Mitochondria were prepared in
0.25 mM-sucrose - 2 mM-EDTA - 0.03 m-nicotinamide by differential centri-
fugation (first centrifugation at 500 g, second at 4500 g), washed once
and finally suspended in the same medium.

The oxygen uptake and oxidative phosphorylation were measured
polarographically with Clark oxygen electrode in 0.25 m-sucrose - 0.01 M-
-triethanolamine hydrochloride (TRA)-1 mm-EDTA medium, pH 7.2.
The experiments on the reduction of the mitechondrial nicotinamide-
-adenine dinucleotides were carried ocut in the same medium (for details
see Tables). To facilitate the penetration of choline into the mito-
chondria, the experiments were carried out at 37° and the time of
incubation was at least 10 min. Reduced and oxidized nicotinamide-
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-adenine dinucleotides were determined enzymically accerding to the
method of Klingenberg [5], reduced forms in alkaline and oxidized in
acid mitochondrial extracts; alcohol dehydrogenase was used to deter-
mine NAD, lactic dehydrogenase to determine reduced NAD, and
glutamate dehydrogenase for determination of reduced NADP. Protein
was determined by the biuret method as- described by Szarkowska
& Klingenberg [15].

Substrates and cofactors were commercial producfts ATP (Pabst Lab.,
Milwaukee, Wisc., USA), ADP (Sigma, St. Louis, Mo. USA), choline
chloride and sarcosine (Light Co. Ltd. Colnbrook, Bucks, England);
betaine aldehyde (formylmethylammonium ion) was synthesized accord-
ing to the method of Bergel et al. [1]. Alcohol dehydrogenase was prepared
from baker yeast by the method of Racker [12], lactic dehydrogenase
from beef heart muscle according to Neilands [11] and glutamate dehydro-
genase from beef liver according to Strecker [14]. Other reagents were
of Polish origin.

. RESULTS

Oxygen uptake and respiratory control with choline and sarcosine
as substrates

It is known that choline does not enter freely intact mitochondria and
therefore only after repeating freezing and thawing or another treatment
resulting in disintegration of the mitochondrial membrane, choline is

280 280 :
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Fig. 1. Oxygen uptake and respiratory control (a), with choline and (b), with
sarcosine. Rat liver mitochondria (12 mg. protein) were preincubated in 1 mil
sucrose - triethanolamine hydrochloride - EDTA medium, pH 7.2, with 2.5 mM-P;
and 1.6 mM-ADP. The incubation mixture was aerated to prevent anaerobiosis.
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oxidized to an appreciable extent [16]. Since in tightly coupled, freshly
prepared mitochondria choline oxidation is mot too efficient, in our
experiments greater amount of mitochondria had to be used to obtain
measurable results. The dense mitochondrial suspension used contained
a great amount of endogenous substrates exhibiting a respiratory control
and therefore, to obtain a clear picture, choline could be added only
after all endogenous substrates had been exhausted by adding repeatedly
small amounts of ADP. Under such conditions, mitochondria were able
to oxidize choline and exhibit respiratory control (Fig. la). When
sarcosine was used instead of choline, oxidation and respiratory control
were also observed (Fig. 1b).

Reduction of micotinamide-adenine dinucleotides by choline

Table 1, experiment 1, shows that when choline was used as sub-
strate there occurred an appreciable reduction of the mitochondrial
nicotinamide-adenine dinucleotide similar to that obtained with succi-
nate. However, the addition of ATP in the presence of choline caused
a decrease in the reduction. The direct product of choline oxidation,
betaine aldehyde, is oxidized in mitochondria by NAD, and in our
experiments, the reduction of NAD by betaine aldehyde was very pro-
nounced (Table 1, expt. 2). On the other hand, betaine, the product of
betaine aldehyde oxidation, upon the addition of ATP could be

Table 1

The reduction of mitochondrial NAD by succinate, choline
and betaine aldehyde

Medium: 0.25 m-sucrose - 10 mpm-TRA - 1 my-EDTA, pH 7.2. Substrate concn., 10 my;
ATP, 3.3 mum; rat liver mitochondria, 14 mg. protein/ml. Incubation mixture was
flushed with Oy for 5 min., then incubated for 10 min. at 37°. Reduced and oxidized
NAD was estimated. = NAD represents the sum of NAD and reduced NAD.

Bt | Addition Reduced NAD Reduced NAD/E NAD
no. ; (umoles/g. protein)
I None 0.16 0.05
Choline ‘ 1.32 0.40
Choline and ATP | 1.07 0.32
Succinate A 1.36 0.40
Succinate and ATP ‘ 1.81 0.56
II | None l 0.40 0.12
Choline ‘ 1.4 0.39
Choline and ATP ‘ 1.07 0.28
Betaine aldehyde 1.68 0.45
Betaine aldehyde and ATP: 1.68 0.45
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expected to accept hydrogens from reduced NAD and thus push the
reaction in the reverse direction, decreasing the level of reduced NAD.
However, in our experiments ATP did mot affect the reduction level

of NAD.
To eliminate the possible effect of betaine aldehyde, arsenite was

Table 2

The effect of arsenite on the reduction of NAD

Medium: sucrose - TRA - EDTA, pH 7.2. Substrate concn., 8 mm; mitochondria,
16.4 mg. protein/ml. Incubation mixture was flushed with Og for 5 min., then
incubated for 10 min. at 37°.

Expt. Addition NAD (umoles/g. protein)
no. no arsenite | 2 mu-arsenite
I None 2.13 2.64
Succinate 1.09 1.78
Choline 1.21 1.84
Betaine aldehyde 1.50 2.58
I None ; 2.04 2.80
Sarcosine 1.34 1.77
Formaldehyde 0.73 2.91

Table 3

The reduction of nicotinamide-adenine dinucleotides
in the system inhibited by cyanide

Medium: sucrose - TRA - EDTA, pH 7.2. Substrate concn. 8 mm; arsenite, 2 mm; mi-
tochondria, 16 mg. protein/ml. Incubation mixture was flushed with Op for 5 min.,
then KCN was added to 1 mMm concn,, followed by the substrate, and 3.3 mm-ATP
where indicated; then Ns was passed for 3 min. The fubes were closed with
glass stoppers under the stream of Np. In one experiment after 10 min. of incu-
bation with choline, ATP was added and the incubation was continued for further

5 min,

Ao Reduced NAD | Reduced NAD/ | Reduced NADP |
(umoles/g. protein) 2 NAD (zmoles/g. protein) |

None 0.18 ; 0.06 0.47

ATP 0.20 g 0.06 0.47

Succinate 0.74 0.25 1.50
Succinate and ATP 1.48 0.50 2.62 '

Choline 1.07 0.37 2.18
Choline and ATP 1.07 0.37 2.18 I

Choline, and ATP added after

10 min. incubation 1.62 0.53 3.03
Betaine aldehyde 0.35 ' i 0.62 !
Betaine aldehyde and ATP 0.35 ; 0.11 0.62 )
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added to the incubation mixture. It was found that arsenite, an inhibitor
of oxidation of endogenous substrates [13], suppressed also the NAD-
-linked oxidation of betaine aldehyde (Table 2), therefore further experi-
ments on choline oxidation were carried out in the presence of 2 mm-
-arsenite to eliminate the effect of betaine aldehyde. KCN was also
added to the incubation mixture. In spite of the presence of arsenite,
ATP added simultaneously with choline did not increase the reduction
of NAD (Table 3). Since ATP is a mitochondria contracting agent, it
might diminish the permeability of the mitochondrial membrane for
choline; therefore ATP was added after preliminary 10 min. incubation
of mitochondria with choline. Under these conditions ATP caused an
increase in the level of reduced dinucleotides similar to that obtained
with succinate. The same effect of ATP was obtained in the system to
which Antimycin A was added instead of KCN (Table 4). Both these

Table 4

The reduction of nicotinamide-adenine dinucleotides in the system
inhibited by Antimycin A

Conditions as described in Table 3, except that Antimycin A, 3 ug./mg. protein,
was added instead of KCN. Mitochondria, 14.6 mg. protein/ml.

Additi Reduced NAD Reduced NAD/ Reduced NADP
ition g 7
(vmoles/g. protein) X NAD (rwmoles/g. protein) |
None 0.18 0.06 i 0.42 !
ATP 0.18 0.06 [ 0.50 |
Choline 0.83 0.28 1.34
Choline,and ATP added afterr {
10 min. incubation 1.74 0.60 3.50 ‘
Betaine aldehyde 0.18 0.06 ; 0.4 |
Betaine aldehyde and ATP 0.18 ‘ 0.06 ; 0.46
Table 5

The effect of albumim on the reduction of micotinamide-dinucleotides
in the presence of choline

Conditions as described im Table 3. Albumin, 1.2 mg./ml.; mitochondria, 15.7 mg.
protiein/ml. Incubation, 10 min. at 37°.

! S fileia Reduced NAD | Reduced NAD/ | Reduced NADP
| (umoles/g. protein) X NAD (umoles/g. protein)
|
None ‘ 0 0 0.16
Albumin [ 0 0 0.13
Choline ! 0.94 0.31 1.40
Choline and albumin | 1.62 0.55 3.06
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experiments were carried out under nitrogen to avoid the possibility
of auto-oxidation of cytochrome b in the choline oxidase chain.

Albumin, a known coupling agent, had an effect similar to that of
ATP (Table 5).

Reduction of nicotinamide-adenine dinucleotides by sarcosine

When sarcosine was used as substrate, arsenite was also added to
inhibit the oxidation of formaldehyde, the product of sarcosine oxida-
tion. The effect of sarcosine on the reduction of nicotinamide-adenine
dinucleotides was similar to that of choline, both in the presence of ATP
and albumin (Table 6).

DISCUSSION

From presented data it can be seen that choline and sarcosine, sub-
strates oxidized without direct participation of nicotinamide-adenine
dinucleotide, can reduce this dinucleotide. Similarly as with succinate
and glycero-1-phosphate, the reduction is energy-linked amnd it may
occur via the reversal of the electron flow through the respiratory
chain. Upon the addition of choline the following reactions determine
the oxido-reduction state of mitochondrial NAD: energy-linked reduc-
tion of NAD by choline and its direct reduction by betaine aldehyde
(Fig. 2). Owing to its very low oxido-reduction potential, the aldehyde
can reduce mitochondrial NAD to a high extent in the steady-state.

Table 6

The effect of ATP and albumin on the reduction of nicotinamide-adenine
dinucleotides in the presence of sarcosine

Conditions as described in Table 3. Albumin, 1.2 mg./ml,

b Reduced NAD | Reduced NAD/ | Reduced NADP
Addition (pmoles/g. protein) ,‘ X NAD (uzmoles/g. protein)
| :

None 0.21 j 0.08 ‘ 0.47
ATP 0.21 ' 0.08 0.47
Albumin 0.21 | 0.08 ‘3 0.47
Sarcosine 0.65 l 0.23 1.46
Sarcosine, and ATP added ; i

after 10 min. incubation 0.94 | 0.33 ' 1.89
Sarcosine and albumin 1.17 ! 0.40 | 2.23

From the thermodynamic considerations it follows that the reverse
reaction is determined by the supply of energy. The Nequili‘briu.m point
will depend on the local concentration of substrates, their oxidation
products and on the concentration of high-energy compounds. Our
results obtained with betaine aldehyde in substrate concentration, do
not indicate the shift of the equilibrium towards oxidation of reduced
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Fig. 2. Outline of choline znd betaine aldehyde oxidation in liver mitochondria.
Fp,, choline dehydrogenase; Fp,, reduced NAD dehydrogenase,

NAD upon the addition of ATP. This fact, however, does not exclude
the possibility that during oxidation of choline in mitochondria the
concentration of betaine aldehyde formed can under some circumstances
be such that this reaction would be possible.

The use of arsenite, which inhibits the reduction of NAD by betaine
aldehyde, creates a convenient system for the study of the reversal of
electron flow with choline as substrate; it eliminates the possibility of
the reduction of NAD by the formed aldehyde in consequence of com-
petition either for a common with choline oxidative pathway [9], or for
a common intermediate of oxidative phosphorylation. The presence of
arsenite eliminates also the participation of endogenous substrates in
NAD reduction.

The same considerations are valid with respect to sarcosine and the
product of its oxidation, formaldehyde.

NADP undergoes similar oxido-reduction changes as NAD, probably
due to the action of reduced NAD-NADP transhydrogenase. Taking the
values of 3.2 wmoles/g. protein for NAD and 4.8 wmoles/g. protein for
NADP in rat liver mitochondria [7], it seems that the equilibrium lies
towards reduction of NADP.

According to Kimura et al. [4] the choline and succinate oxidase
chains are different at the level of cytochrome b; the b component of
choline oxidase chain may become auto-oxidizable under suitable condi-
tions. Both oxidases operate through the respiratory chains, which are
interlinked between cytochrome ¢; and oxygen. The presented possibi-
lity of NAD reduction by choline in the system inhibited by Anti-
mycin A indicates the existence of an intercommunication between NAD
and this part of the electron pathway which is different for choline.

The authors wish to express their gratitude to Prof. Dr. J6zef Heller
for his interest and helpful discussions during the course of this work.
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SUMMARY

Choline and sarcosine, two substrates oxidized directly by flavo-
protein enzymes, can reduce mnicotinamide-adenine dinucleotides in
tightly coupled rat liver mitochondria. The reaction depends upon the
supply of energy and it ocours via the reversal of the electron flow

through the respiratory chain.
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REDUKCJA DWUNUKLEOTYDOW NIKOTYNAMIDO-ADENINOWYCH
W MITOCHONDRTACH PRZEZ CHOLINE I SARKOZYNE ZALEZNA
OD DOSTARCZENIA ENERGII

Streszczenie

Cholina i sarkozyna, substraty utleniane bezpoérednio przez flawoproteinowe
enzymy, mogg redukowaé dwunukleotydy nikotynamido-adeninowe w skojarzo-
nych mitochondniach watroby szczura. Reakcja ta zalezy od dostarczenia energii
i zachodzi poprzez odwrécenie kierunku przeplywu elektmoné“.r.

Received 28 November 1964.

Note added in proof: At the time this work was submitted for publication,
a paper by G. Bianchi & G. F. Azzone dealing with pathways of choline oxidation
in rat liver mitochondria, appeared in J. Biol. Chem. 239, 3947, 1964.
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Some new enzyme inhibitors of animal and plant origin have been
recently described. Birk et al. [1] have isolated from soya beans a trypsin
inhibitor of proteinlike nature. Lindberg [3] has partially purified an
inhibitor of pancreatic deoxyribonuclease from calf spleen. Philpot &
Stanier [5] have described a thermostable ribonuclease inhibitor of low
molecular weight, obtained from leaf extracts of Ligustrum wvulgaris.
In our laboratory three new inhibitors of plant origin were found: an
arginase inhibitor from sunflower seeds [6], an inhibitor of urease from
poplar leaves [7,9] and an inhibitor of ornithine carbamoyltransferase
from carrot leaves [8].

In this paper is presented the partial purification of the arginase
inhibitor from sunflower seeds, and some of its properties.

MATERIALS AND METHODS

Preparation of the inhibitor. Kernels from sunflower seeds, 100 g.,
were finely ground in a porcelain mortar and suspended in 1 liter of
distilled water. Glacial acetic acid, 10 ml., was slowly added, the
suspension thoroughly mixed for about 1 hr. and centrifuged at
4 000 r.p.m. for several minutes. The supernatant solution covered with
a layer of liquid fat, extracted from the seeds, was filtered through
folded filter paper. The clear yellowish supernatant was then eva-
porated to dryness on a boiling water bath and the dry brown residue
was dissolved in the cold in 50 ml. of methanol. The precipitate was
centrifuged off and washed again with additional 50 ml. of methanol.
After repeated centrifugation, the precipitate was discarded and the
combined supernatants evaporated to dryness on a water bath, care
being taken to remove most of the acetic acid. The dry residue was
dissolved in 30 ml. of methanol, and 30 ml. of chloroform were slowly
added under constant stirring. A viscous light brown matter which
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separated on addition of the chloroform, was discarded. The methanol-
~chloroform mixture was carefully evaporated to drymess, the residue
taken up in 10 ml. of distilled water, and to the clear solution 50 ml.
of 2% barium hydroxide solution were added. The solution of barium
hydroxide was added in one lot; a bulky bright yellow precipitate was
formed which was immediately centrifuged for several minutes at
4000 r.p.m. The supernatant was then discarded and the precipitate
suspended in 5ml. of distilled water. Then 1N-H,SO, was added care-
fully to pH about 5, the precipitate dissolving on stirring, and the
resulting barium sulphate was centrifuged off. The clear supernatant
was concentrated to about 3 ml. and put on a Sephadex G-50 (coarse)
column (2.3 cm. X 24 cm.). Distilled water was used as eluent with
a flow rate of about one drop per 8 - 10 seconds. The dark brown frac-
tion emerging as the first effluent was discarded and fractions were
collected from the moment when one drop of the effluent gave
a greenish-yellow test with 2ml. of 5% NaOH. The first collected
fraction of about 40 - 45 ml. contained the bulk of impurities with very
little active material. The second fraction of 50 ml. had a light straw-
-yellow colour and contained almost all of the inhibitor. This fraction
was evaporated in vacuo at room temperature and the dry material
adhering to the walls of the vessel was removed with a stainless steel
spatula. A dry mustard-coloured powder was obtained, with a yield of
60 to 80 mg. per 100 g. of sunflower seed kermels.

Determination of arginase inhibition. Aliquots of the inhibitor
dissolved in 0.5 ml. of water were pipetted into small test tubes, followed
by 0.5 ml. of a 1% suspension of acetone powder from 7-day-old plants
of bitter lupin in maleate buffer, pH 7.0, as a source of arginase [4].
To this 0.5ml. of @ 0.5 m-solution of arginine brought to pH 10 with
0.2 N-HCIl were added, and the mixture was incubated for 2 hr. at 38°.
After incubation, 1 ml. of 0.2 N-HCIl and 2 ml. of 0.25% urease (Nutr.
Biochem. Corp.) solution in 0.15 m-phosphate buffer, pH 6.6, were added
and again incubated for 30 min. at 38°; 1 ml. samples in quadruplicates
were then distilled off, using the Conway technique [2]. For the estima-
tion of arginase activity, the same procedure was employed, except that
the inhibitor solution was replaced by 0.5 ml. of distilled water.

RESULTS AND DISCUSSION

Figure 1 demonstrates the effect of the inhibitor concentration on
arginase activity. Distinet inhibition was observed already at a con-
centration of 0.5 ug. of inhibitor per 1 ml. of the assay mixture. At 40 ug.
the inhibition amounted to over 80% and mno further inhibition could be
obtained at higher concentrations of the inhibitor. Preincubation of the
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inhibitor with the enzyme at neutral pH, caused no changes in the rate
of inhibition as compared with samples that had not been preincubated.

In order to establish the nature of inhibition, experiments were con-
ducted with various concentrations of the enzyme and of the substrate.
Fig. 2 shows the effect of different concentrations of the inhibitor at
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Fig. 1. Inhibition of arginase activity as a function of inhibitor concentration.
Arginase concn., 1.1 mg. acetone powder/ml; arginine concn., 56 pmoles/ml,

Fig. 2. Effect of arginase concentration at constant substrate level on inhibition

activity: (@), without inhibitor; (O), with 5 pg./ml. inhibitor; (A), with 20 pg./ml.

inhibitor., Arginine concn:, 56 wmoles/ml. Activity expressed in ml, 0.01 n-HCI, used
in the Conway techmique.

constant levels of substrate, when increasing amounts of the enzyme
were added. The inhibition was proportional to the amount of the enzyme
used. With decreasing amounts of the enzyme at the studied levels of
the inhibitor, a corresponding rise in the rate of inhibition could be
observed.

At constant enzyme and inhibitor levels, arginase activity was quite
markedly released by growing concentrations of the substrate (Fig. 3).
A two-fold increase of arginine caused a slight drop of inhibition activity,
but a four-fold increase of the substrate caused a motable loss. As can
be seen, this release of arginase activity was not proportional to the
quantities of substrate and was furthermore not large enough to suggest
competitive inhibition. Evidence reported later in this paper suggested
that this release was due to ppartial destruction of the inhibitor at the
alkaline pH values at which arginase is normally determined, additionally
enhanced by the large excess of arginine present.

It has already been reported that rL-cysteine reactivated arginase that
had been inactivated by the inhibitor [6]. As can be seen from Table 1,

http://rcin.org.pl



190 G. MORAWSKA-MUSZYNSKA and I. REIFER [4]

other reducing agents such as mercaptoethanol and reduced glutathione
may also restore the original arginase activity that had been blocked
by the inhibitor from sunflower seeds.
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Fig. 3. Effect of arginine concentration at constant arginase level on inhibition
activity. Arginase concn., 1.1 mg. acetone powder/ml.; inhibitor conen. (@), 10 pg./ml.;
(0), 2.5 pg./ml
Fig. 4. Effect of L-cysteine on the inhibition of arginase by the inhibitor from
sunflower iseeds. Arginase oconcn., 1.1 mg. acetone powder/ml.; arginine concn.,
56 wmoles/ml.; inhibitor concn., 10 pg./ml.

Table 1

Effect of reducing agents on reactivation of arginase

Conditions: Arginase concn., 1.1 mg. acetone powder/ml.; arginine concn., 56 pmo-
les/ml.; inhibitor concn., 4.7 ug./ml.; concn. of the respective reducing agent,
10 pmoles/ml.

Addition ma&?"‘my |
None 100
Inhibitor 43
Inhibitor and cysteine 100
Inhibitor and glutathione 100
Inhibitor and mercaptoethanol 98

Figure 4 illustrates the reactivation by cysteine of the inhibited ar-
ginase; 0.22 pmoles of cysteine caused about 88% reactivation of arginase
inhibited by 10 wug. of the inhibitor. We believe that cysteine titrations
will be very helpful in the elucidation of the mechanism of arginase
inhibition, once the inhibitor has been obtained in a chemically pure
state.
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General properties of the inhibitor. Our purest inhibitor preparation
was only 23 times as active as the crude extract. Nevertheless it was
pessible to arrive at certain conclusions with respect to the mature of the
inhibitor, the mechanism of its action and some of its properties.

The difficulties in purification of the inhibitor were primarily due
to lack of a rapid ‘and relatively exact method for the determination of
the inhibitor. The purity of the substance could only be measured by the
time-consuming assay of arginase inhibition. The additional difficulty
consisted in the high sensitivity of the partially purified inhibitor to air
oxidation. So for instance recycling of the purified material on Sephadex
resulted in greatly decreased yield of the pure fraction with an addi-
tional small decline of its final activity as compared with the starting
material. Filtration on Sephadex column in acid media, under nitrogen
or with HyS-containing water remained without effect. Also attempts
to obtain purification by paper chromatography have largely failed.
Various solvents were tried, such as benzene - acetic acid (9:1 and 1:1),
isoamylalcohol - acetic acid (1 :1), methanol - acetic acid (1:1), phe-
nol - acetic acid (1 :19), dioxan -acetic acid (1:1), cyclohexanol - acetic
acid in various proportions. Paper electrophoresis was also unsuccessful.
Only chromatography and rechromatography in butanol - acetic acid -
- water (4 :1:2) gave preparations of the inhibitor comparable to those
obtained by the use of Sephadex, but the final yield was considerably
lower.

Similarly column chromatography gave no satisfactory results.
Amberlite IRC-50, DEAE-Sephadex, CM-Sephadex and activated silica
gel caused total or partial losses of the inhibitor, without increasing the
activity in any of the collected fractions. Chromatography on Cellite and
cellulose were also unsuccessful. Sephadex G-25 and G-75 were less
effective than Sephadex G-50.

As mentioned before, the purest obtained inhibitor preparations were
relatively unstable in dilute meutral solutions. As can be seen from
Table 2, the inhibitor was destroyed in neutral solutions even at a tem-

Table 2

Effect of time on the stability of the inhibitor in dilute solutions in acid
and neutral media at a temperature of 6 - 8°
Initial concn. of inhibitor, 1.35 pug./ml. The results.express the recovery, determined

by measuring the inhibition of arginase activity, the quantity of the inhibitor,
in pg./ml., being calculated from Fig. 1.

| Ti
Inhibitor recovered B ) |
14 | 20 | 34 1

In 0.01 N-HCI 1.35 1.25 1.32
In neutral solution 0.35 0.25 0.15 \
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perature of 6 - 8°, and after 14 days only 26% of its initial activity could
be recovered. In acid solutions the inhibitor was stable and no changes
were observed after 34 days at 6 -8°.

For short periods of time (15 min.) the inhibitor was stable both in
neutral and acid solutions even at a temperature of 100°. In alkaline
solution the activity of the inhibitor dropped rapidly and heating for
1 min. in 0.1 N-NaOH caused a 70%o loss of initial activi‘ty\(Table 3.

Table 3

Effect of heating at 100° on the stability of the inhibitor

Initial concn. of inhibitor, 7.8 ug./ml. The amount of inhibitor recovered was
calculated as for Table 2.

| Time of heatin g Inhibitor recovered (p.g./ml.) ) (I){?cov;:qryol;:nI
- ).1 N-Na
(min.) in neutral solution in 0.1 N-NaOH (%)
| S - = o L L=
1 7.5 i 2.1 | 27
. 2 ‘ 7.7 2.1 r 27
5 ‘ 7.5 | 1.0 . 13 1
10 7.7 } 0.95 12 |
15 | 7.8 ‘ 0.8 10 l
o5}
04—
a3f—
E
02|-
01— Fig. 5. Ultraviolet spectrum of the
inhibitor from sunflower seeds, (@).
; i : in neutral solution; (O), in alkaline
200 250 300 350 200 solution, pH 12, Inhibitor conecn.,

Wavelength (m) 10 pg./ml,

The ultraviolet absorption spectrum (Fig. 5) of the inhibitor showed
absence of protein and nucleic acids. In neutral and acid media the
spectra were identical. However, in alkaline solution at pH 12 already
after 30 min. the absomption spectrum has changed irreversibly, showing
destruction of the inhibitor. The broad peak in alkaline solution in con-
junction with positive phenol tests, suggest that the inhibitor may be
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a compound of polyphenol nature. No attempt was made to interpret
the UV spectrum, as the degree of purity of the inhibitor is mot yet
known.

The inhibitor is a substance of low molecular weight, as was shown
by its behaviour on the Sephadex column. It was well retained by the
grains of the gel and emerged last on continued elution. Furthermore,
the inhibitor dialysed easily through semipermeable membranes (Table 4).
After 1.5 hr. dialysis against 2.5 volumes of water, 50% of the inhibitor
was dialysed away, and after 26 hr. only 5% of the inhibitor remained
in the dialysing bag.

Table 4

Effect of dialysis of the inhibitor at a temperature of 6 - 8°

Inhibitor solution, 8 ml., was dialysed against 20 ml. of water, under constant

stirring of the external fluid, which was renewed at times indicated in the Table.

The amount of inhibitor was calculated as for Table 2. After 26 hr. of dialysis,
4.23 mg. of the inhibitor remained in the dialysing bag.

Successive change Time of dialysis Inhibitor in the external fluid
of water (hr.) (mg.)
1 1.5 (0 - 1.5) 43.8
2 ils (1.5- 3) | 14.3
3 1.5 3 - 4.5) ‘ 15.0
4 1.5 (4.5- 6) 6.8
5 1.0 6 -7 32
6 19 (7 -26) : 4.6

In conclusion it must be mentioned that standard optimal conditions
for determination of arginase activity were detrimental to the stability
of the inhibitor. Arginase is normally determined at pH 10 in presence
of a large excess of arginine. These conditions caused noticeable de-
struction of the inhibitor, particularly when it was present in very low
concentrations. In the future it will, therefore, be essential to relinquish
the advantage of arginase determinations under conditions of maximum
activity, and accept lower rates of the reaction by lowering the pH
value of the medium and by decreasing the concentration of the sub-
strate. In this way conditions of relative stability for the inhibitor will
be obtained and precise studies on the mechanism of inhibition will be
facilitated.

SUMMARY

1. The arginase inhibitor from sunflower seeds has been purified
about 23 times over the activity of crude extracts.
2. The action of the inhibitor is due to direct binding with the
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enzyme. L-Cysteine, mercaptoethanol and glutathione overcome the
inhibition.

3. The inhibitor is a low-molecular compound as shown by Sepha-
dex-gel ultrafiltration and by dialysis. It is stable in acid solution, rela-
tively stable in meutral solution and is destroyed in alkaline solution.
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PRZYGOTOWANIE I WEASNOSCI INHIBITORA ARGINAZY
Z NASION SEONECZNIKA

Streszczenie

1. Otrzymano preparat inhibitora arginazy oczyszczony okolo 23 razy w po-
réwnaniu z aktywnoséciag surowych ekstraktow.

2, Aktywnos$¢ inhibitora polega ma zwigzaniu sie z enzymem. p-Cysteina, mer-
kaptoetanol i glutation reaktywujg arginaze zahamowang przez inhibitora.

3. Inhibitor jest zwigzkiem mniskoczasteczkowym, jak wynika z ultrafiltracji
- na Sephadex’ie i dializy. Jest on trwaly w Srodowisku kwasnym, wzglednie trwaty
w $rodowisku obojetnym i ulega zniszczeniu w $rodowisku alkalicznym.
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RECENZJE KSIAZEK

ADVANCES IN ENZYME REGULATION (G. Weber, ed.), vol. 1. Pergamon Press,
London 1963; str. 420, cena £ 5. Vol. II, Pergamon Press, Liondon 1964; str. 405,
cena £ 5.

Nowe to wydawnictwo seryjne przynosi peing publikacje wykladéw i dyskusji
z dorocznych sympozjéw odbywanych z poczatkiem pazdziernika w Indianopolis,.
U.S.A.

Tom I obejmuje 4 sesje pierwszego sympozjum z r. 1962, poSwigcone kolejno:
biochemii regulacji aktywnos$ci i syntezie enzymoéw (przewodniczagcy W. E. Knox);
fizjologii i regulacji hormonalnej (przewodniczacy J. W. Wilson); patologii i dzia-
laniu lekéw (przewodniczgacy V. R. Potter) oraz regulacji aktywnosci enzymatycznej
w nowotworach (przewodniczacy S. Weinhouse). Poza tym specjalny wykiad o glu-
koneogenezie nerkawej wyglosit Sir H. A. Krebs. Na kazdg sesje skladalo sie
4 -6 wykladéw oraz ogbélna dyskusja, ewentualnie z podsumowaniem przewodni-
czgcego lub jego referatem uzupelniajgcym. Wiekszo§é tematéw dotyczyla enzymoéw
watroby normalnej oraz hepatoma.

Tom II przynosi materialy z sympozjum z r. 1963. Tematem pierwszej sesji,
ktérej przewodniczyl Sir H. A. Krebs, byla enzymatyczna regulacja glukoneoge-
nezy. Specjalny wyklad sympozjum i w tym roku dotyczyt glukoneogenezy i przy-
gotowany byt przez Krebsa i wspéipracownikéw. Druga sesja pod przewodnictwem
J. W. Wilsona traktowala o glukoneogenezie w réznych stamach fizjologicznych
i patologicznych. Trzecia sesja pod przewodnictwem C. F., Cori’ego po$§wiecona byla
regulacji aktywnosci glukokinazy. V. R. Potter przewodniczy! czwartej sesji, doty-
czgeej regulacji aktywnosci i syntezy enzyméw watroby droga sprzezenia zwrotnego
(,feedback®). W sesji 'plia,tej (przewodniczacy ‘W. E. Knox) omawiano regulacje
poprzez zmianeg stezen kofaktoréw, a w ostatniej, szbéstej (przewodniczgcy S. Wein-
house) regulacje enzyméw w hepatoma.

Zaréwno tematy poszczegblnych sesji obu sympozjéw, jak i osoby przewodni-
czacych charakteryzujg to nowe wydawnictwo jako cenne Zrédio informacji z pierw-
szej reki na temat regulacji czynnos$ci enzymatycznej komorki, a wige i regulacji
metabolizmu w ogéle. Waznym uzupelnieniem sg wykazy literatury dolgczone do
kazdego wykladu.

Nowe to wydawnictwo musimy uznaé za wielkie ulatwienie dla biochemikéw
pracujgcych nad enzymami oraz nad zagadnieniami regulacji p‘neﬁabolim. Poza
tym tomy te bedsg interesujaca lekturg dla ogéitu biochemikéw, fizjologéw i leka-
rzy, ktérych uwage w coraz wickszym stopniu przyciagaja zagadnienia orgamizacji
zycia na poziomie molekularnym.

Jézef Heller
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D. A. Hall. ELASTOLYSIS AND AGEING. Charles C. Thomas Publ., Springfield
(11L) 1964; str. XIII + 160; cena $ 6.75.

Wiele monografii po§wieconych jest biochemii tkanki lgcznej. Dotycza one jed-
nak gléwnie substancji podstawowej oraz widkien kolagenowych, a wibknom elasty-
cznym poswieca sie zwykle bardzo malo miejsca. Przyczyna tego stanu jest z jednej
strony stosunkowio mala zawarto§é tych widkien w tkance lgcanej, z drugiej za$
strony wiadomos$ci o ich budowie i wiasnoSciach byly do niedawna niewystarcza-
jace, aby je mozna bylo polaczy¢ w logiczna calo§¢. W ostatnich dziesigtkach lat
ukazal sie szereg prac wskazujagcych na duze znaczenie widkien -elastycznych
w strukturze tkanki lgcznej normalnej oraz w stanach patologicznych, np. w arte-
riosklerozie.

Recenzowana ksigzka jest monografia, ktéra wyczerpujaco omawia biochemie
tkanki elastycznej i w ten spos6b uzupemlmia piSmiennictwo poSwiecone tkance
igcznej. Autor przytacza okolo 300 pozycji literatury, w tym kilkadziesigt pozycji
wilasnych i swoich wspoétpracownikéw. Pozycje wlasne dotycza szeregu zagadnien,
zaczynajgc od struktury wiékien elastycznych, poprzez badania nad enzymami bio-
rgeymi udzial w rozkladzie tkanki elastycznej, konczae na zmianach zachodzacych
w stanach patologicznych.

Ksigzka sktada sie z pieciu rozdziatGw. W rozdziale pierwszym krétko omoé-
wiono terminologie uzywang w dalszej cze$ci pracy. Jest to konieczne, poniewaz
rézni autorzy uzywaja réznych nazw dla tych samych substratéw lub enzymoéw.

Rozdzial drugi poswiecony jest biochemii tkamki elastycznej. Szeroko tu omé-
wiono morfologie wibkien elastycznych lgcznie z ich ultrastrukturg, metody izolo-
Wwania, sposoby oznaczania oraz sklad aminokwasowy. Omowiono tez udzial lipidow
i weglowodanéw w budowie wildkien elastycznych. Na koncu rozdzialu przedsta-
wiono zmiany jakosciowe i ilo§ciowe zachodzace podczas starzenia sig.

Rozdzial trzeci, najobszerniejszy, po$wiecony jest, enzymom rozkladajacym
tkanke elastyczng, a wiec gléwnie elastazie i elastolipoproteinazie. Przedstawiono
tam rozmieszczenie tych enzyméw w tkankach, sposoby izolowania (podano szcze-
gbélowo przepis na oczyszczanie elastazy stosowany przez Autora), oméwiono takze
szeroko wlasno$ci chemiczne i fizykochemiczne tych enzymoéw, oraz sposoby ozna-
czania aktywnoéci. Na koncu tego rozdzialu przedstawiono w ciekawych schema-
tach proponowany mechanizm dzialania elastazy i elastolipoproteinazy, ktéry dobrze
ttumaczy z jednej strony udzial jonéw wapnia i lipopolisacharydéw w budowie
wibkien elastycznych, a z drugiej strony wspoéldziatanie elastazy i elastolipopro-
teinazy w rozkladzie tych biatek.

Rozdzial czwarty po$wiecony jest czynnikom hamujacym elastolize. Oméwiono
tutaj czynniki drobnoczgsteczkowe (EDTA) oraz czynniki wielkoczasteczkowe, ter-
molabilne zawarte w surowicy knwi, oméwiono tez dotychczasowe dane doswiad-
czalne dotyczgce inhibitoréw elastazy zawartych w $cianie maczyniowej.

W rozdziale pigtym (ostatnim) przedstawione zmiany zachodzace w tkance
elastycznej podczas starzenia sie oraz w arteriosklerozie. Z przedstawionych badan
wynika, ze zmiany te dotycza giownie aktywmnosci enzyméw rozkiadajacych widkna
elastyczne, co odbija sie na zawartoSci tych wibkien w tkance lgcznej. Zmiany
te 1gczg sie ze zmianami w innych elementach tkanki lgcznej, tak Ze na podstawie
dotychczasowych badan trudno jeszcze wyrobi¢ sobie szerszy poglad na to za-
gadnienie.

Chociaz niejednokrotnie do$wiadczenia sg jeszcze miekompletne, a czasami
i kontrowersyjne, przejrzysty i przystepny sposéb podawania niekiedy zawilych
zagadnien czyni ksigzke dostepng wszystkim badaczom, ktérzy interesuja sie bio-
chemig i patologig tkanki lgcznej. Wiktor Rzeczycki
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CHEMICAL AND BIOLOGICAL ASPECTS OF PYRIDOXAL CATALYSIS. Pro-
ceedings of a Symposium of the International Union of Biochemistry, Rome
(E. E. Snell, P. M. Fasella, A. E. Braunstein & A. Rossi Fanelli, eds.) Pergamon
Press, Oxford - London - New Jork - Paris 1963; str. 599, cena £ 7.

Znaczenie witaminy Bg jako zwigzku kluczowego w przemianach biatkowych
jest ogélnie znane. Wielkim osiggnieciem ostatnich lat jest poznanie mechanizmu
reakcji katalizowanych przez pirydoksal. Badania te ofworzyly nowe perspektywy
w zakresie zrozumienia czynno$ci enzymoOw, przedmiotu o zasadniczym znaczeniu
ze wzgled6w teoretycznych jak i praktycznych dla wszystkich nauk biologicznych.

Konieczno§¢ zorganizowania zebrania po$wieconego wylgcznie roli pirydoksalu
w procesach chemicznych i biologicznych wytlonila sie w czasie V Miedzynarodo-
wego Kongresu Biochemii w Moskwie w 1961 r. Jako miejsce spotkania wybrano
Rzym i w pazdzierniku 1962 r. odbylo si¢ Sympozjum zorganizowane przez Miedzy-
narodowg Unie Biochemiczna. Na sympozjum zltozylo sie 46 referatéw wygloszo-
nych przez najwybitniejszych znawcéw tego przedmiotu: przewaznie byly to refe-
raty dotyczgce ostatnio wykonanych prac. Cato§¢ wydano w 30-tym tomie serii
sympozjalnej Unii. Po kazdym referacie zamieszczono dyskusj¢ uzupelniajagcg oma-
wiane zagadnienia.

Sympozjum otwiera rveferat E. E. Snella z Berkeley, odkrywcy mechanizmu
nieenzymatycznej transaminacji. Autor podal ogélny przeglad reakcji mieenzyma-
tycznych katalizowanych przez pirydoksal oraz przedstawil proponowane schematy
ich przebiegu. Tresé siedmiu mastepnych referatéw dotyczyla badan nad rolg piry-
doksalu i jego pochodnych w nieenzymatycznej transaminacji. A. E. Martell z Chi-
cago, C. Cennamo z Modeny oraz B. Pullman z Paryza oméwili w swych referatach
mechanizm tworzenia i hydrolizy zasad Schiffa. Nad wyjasnieniem mechanizmu
tych reakcji pracowali réwniez T. C. Bruice i R. M. Topping z Nowego Jorku,
ktérzy oprocz analogéw pirydoksalu uzywali uktadéw zawierajgcych imidazol i jon
imidazjolowy w badaniach nad transaminacjg kwasu «¢-aminofenylooctowego.
F. Olivo, C. S. Rossi i N. Siliprandi z Instytutu Biochemii w Padwie przedstawili
swoje badania nad nieenzymatyczng transaminacja kwasu y-aminomaslowego.

Dalsze referaty byly po$§wiecone roli pirydoksalu w ukladach biologicznych.
Kilka z mich dotyczylo najbardziej zbadanej aminotransferazy kwas glutamino-
wy - kwas szczawiooctowy. I tak I. W. Sizer i W. T. Jenkins z U.S.A. przedstawili
otrzymanie oczyszczonego enzymu w formie pirydoksalowej i pirydoksaminowej,
potwierdzajac tym teorie mechanizmu Snella i Braunsteina. C. Turano i wspoét-
pracownicy z Rzymu podali sktad aminokwasowy tego enzymu. O. L. Polyanovsky
i Yu. M. Torchinsky ze Zwigzku Radzieckiego omoéwili role grup -SH w jego
dzialaniu. Badacze japofiscy Y. Morino i H. Wada podali r6znice pomiedzy oczysz-
czonym enzymem wyizolowanym z frakcji mitochondrialnej watroby i wyizolowa-
nym z supernatantu. Barbara Banks z Londynu ze wspoOlpracownikami przedsta-
wila badania kinetyczne mad aminotransferazg wyizolowana z mieénia sercowego
$§wini,

Kilka referatow poswiecono dekarboksylacji aminokwaséw. f-Dekarboksylaza
kwasu asparaginowego zajmowali sie Jeanne Cattanéo i J. C. Senez z Marsylii
oraz A. Meister i wspélpracownicy z Bostonu (U.S.A.). Oméwiono réowniez dekarbo-
ksylaze leucyny (H. K. King z Liverpoolu) i aminokwaséw aromatycznych (S. Uden-
friend z Bethesda), za§ badania nad hamowaniem dekarboksylazy przedstawil
S. R. Mandashev z Moskwy.

Oprécz transaminacji i dekarboksylacji sg jeszcze inne reakcje biocchemiczre
aminokwas6w katalizowane przez enzymy wymagajace do swego dziatania fosfo-
pirydoksalu. Rola koenzymu w tych reakcjach nie zostala jeszcze wyja$niona. Ba-
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dacze wloscy D. Cavallini i wspétpracownicy, F. Chapeville i P. Fromageot z Francji
oraz M. Flavin z Bethesda przedstawili badania mad enzymami pirydoksalowymi
katalizujgcymi przemiane siarki w aminokwasach siarkowych. O. Hayaishi, M. Gef-
ter i H. Weissbach z Bethesda badali dehydraze treoninowg z Cl. tetanomorphum.
K. T. Yasunobu i H. Yamada omoéwili role pirydoksalu i miedzi jako grupy pro-
stetycznej w oksydazie monoaminowej z osocza krwi. Interesujacy referat R. Ka-
peller-Adler dotyczyt histaminazy, flawoproteidu wymagajacego do swego dziala-
nia fosforanu pirydoksalu. Badania E. H. Fischera i wsp6ipracownikéw (Washing-
ton) dotyczyly roli fosfopirydoksalu w strukturze czasteczki fosforylazy miesniowej.

Oddzielng grupe referatéw poswiecono zagadnieniom tego typu jak wplyw hor-
monéw tarczycy na czynno$¢ enzymoéw pirydoksalowych, zreferowany przez F. Cha-
tagner i B. Jollés-Bergeret, oraz rola pirydoksalu w tnansporcie aminokwasow
w komoérkach nowotworu Ehrlicha, podana przez H. Chrnistensena. Badacze radziec-
cy przedstawili trzy referaty dotyczgce inhibitoréw pirydoksalowych enzymoéw
a badacze z Tokio swoje badania nad dzialaniem toksopirymidyny. E. E. Snell
ze wspoéitpracownikami podal wyniki badan nad rozpadem witaminy Bg przy udziale
bakteryjnych ukladéw enzymatycznych.

Sympozjum zakonczyl! referat A. E. Braunsteina, odkrywcy procesu transami-
nacji, Celem referatu bylo dokonanie ogélnego przegladu reakcji enzymatycznych
zaleznych od pirydoksalu. Zadanie to nie bylo latwe, poniewaz, jak powiedzial
Braunstein, ,wielu biochemik6w uwaza, ze latwiej jest sporzadzi¢ liste reakceji
zachodzgcych w przemianie aminokwaséw bez udazialu fosfopirydoksalu, anizeli
reakcji zachodzacych z jego uddialem®. Braunstein zbiemajgc dotychczasowe wia-
domos$ci podzielit reakcje enzymatyczne katalizowane przez pirydoksal ma cztery
zasadnicze typy. Do trzech pierwszych zaklasyfikowal reakcje enzymatyczne pro-
wadzace do odszczepienia i podstawienia przy «-C, f-C i y-C, do czwartego typu
zaszeregowat nietypowe uklady pirydoksalowe. W ten sposéb sporzgdzona szczegb-
towa klasyfikacja stanowi doskonaly przeglad i uporzadkowanie zagadnien zwig-
zanych z metaboliczng rolg pirydoksalu.

Krystyna Belzecka

A. I. Oparin, THE CHEMICAL ORIGIN OF LIFE (Translated from the Russian
by Ann Synge), Charles C. Thomas Publ., Springfield (I1l.) 1964; str. 124 +XXVII,
cena $ 6,75.

Omawiana ksigzka jest dalszym tomem =z serii , American Lectures in Living
Chemistry*; zawiera ona poglady Oparina na chemiczne pochodzenie zycia na
ziemi, przedstawione w sposéb jasny i ciekawy. Jest to lektura tym ciekawsza, ze
A. I. Oparin jest jednym z pierwszych biochemikéw, ktoérzy dazyli do laborato-
ryjnego stworzenia takich warunkéw, w jakich prawdopodobnie powstawato pry-
mitywne zycie, i byl organizatorem pierwszego Sympozjum poswieconego pocho-
dzeniu zycia na ziemi, ktére odbylo sie¢ w Moskwie w r. 1957.

Stusznie pisze Autor na wstepie, ze od wielu setek lat trzy wielkie zagadnienia
przyciggaja umysty ludzkie. Jest to problem istoty zjawiska zycia, jego pocho-
dzenia i jego mozprzestrzenienia we wszech§wiecie. Logiczny wydaje sie wniosek,
ze latwiej byloby zrozumiie¢ istote zycia, gdyby$my znali dokladnie drogi jego
powstawania na ziemi; latwiej byloby takzie wéweczas wykazaé i zrozumieé ewen-
tualne zycie ma innych planetach, do ktérych zapewne czlowiek wkrétce dotrze.

W pieciu rozdziatach swojej ksigzki, Autor, postugujgc sie fakbtami z zakresu
. geologii, paleontologii i biochemii poréwnawczej, przedstawia swojg teorie powsta-
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nia zycia na ziemi. We wprowadzeniu omaw:a on ogélne zalozenia tej teorii i wy-
mienia trzy stadia rozwoju substancii organicznych, ktére, jego zdaniem, musialy
mieé¢ miejsce przed pojawieniem sie zycia ma ziemi. Nastepnie omawia kolejno
poczatkowe stadia ewolucji zwigzkéw wegla, formowanie sig Lplerwotnej pozywki‘
(primaeval broth), powsiawanie hipotetycznych koacerwatéw i protobiontéow, ktére
prawdopodobnie mogly istnie¢ jeszcze woéwezas, kiedy atmosfera ziemska miata
charakter redukujacy, a wiec przed pojawieniem sie w niej tlenu. Dalszy rozdzial
po§wiecony jest rozwazaniom na temat sposobu, w jaki mogly sie rozwingé z pro-
tobiont6w najprymiitywniejsze organizmy jednokomoérkowe i wreszeie zwierzeta
wielokomoérkowe.

W ostatnim rozdziale Autor zbiera wnioski z teoretycznych rozwazan i faktéw
przedstawionych w poprzednich rozdziatach, dajac szereg ciekawych i obrazowych
poréwnan. Szczegblnie przemawiajace wydaje sie zobrazowanie wieku naszej pla-
nety i czasu istnienia zycia na ‘niej, przez poréwnanie do ksigzek: ,... jezeli chcieli-
byémy przedstawi¢ kompletna histonie Ziemi, moglibySmy napisa¢ dziesig¢ tomoéw
po 500 stron kazdy, tak azeby kazda strona obejmowalta milion lat“ (str. 99). Na-
stepnie Autor zastanawia sie, ile z tych toméw potrafimy dzisiaj odczytaé i w kio-
rym z nich pojawilo sie zycie. Z przedstawionych rozwazan wynika, ze nie jest to
latwe do ustalenia, a nawet ostatnie tomy historii Ziemi sq bardzo trudno czytelne.

Totez ze stron ksigzki wyraznie przebija przekonanie Autora, Ze jego teorfa
powstawania zycia na ziemi z koniecznosci opiera sie w znacznie wiekszym stopniu
na hipotetycznych zalozemiach miz ma stwierdzonych faktach. O jednym z najwaz-
niejszych dla teorii przypuszczen dotyczgcym prymitywnych ukladéw, o wiele mniej
zlozonych anizeli jakiekolwiek dzisiaj zyjace ustroje, ale takich, ktére juz mozna
za zywe uwazaé, Autor méwi: ,Te uklady musza posiada¢ niezalezny, ,.celowo*
zorganizowany metabolizm, skierowany ku ich stalemu zachowaniu, wzrostowi i sa-
moreprodukcji w warunkach zewnetrznego $rodowiska zblizonych do ,pierwotnej
pozywki“, to jest prostego wodnego roztworu roéznych substancji organicznych
i nieorganicznych* (str. 108). .

Ksigzka wydana jest bardzo starannie i wydrukowana na znakomitym papie-
rze. Nie ustrzezono sie jedmnak przed kilkoma bledami drukarskimi, np. na stro-
nie 4 dwukrotnie podano jako symbol otowiu P zamiast Pb. Nie zmniejsza to oczy-
wiscie w niczym wysokiej warto$ei ksigzki jako lektury ddla wszystkich, ktérzy
‘nteresuja sie zjawiskiem zycia.

Mariusz Zydowo

LIPID TRANSPCRT. Proceedings of an Internatfional Symposium. (H. C. Meng,
J. G. Coniglio, V. S. Lequire, G. V. Mann & J. M. Merrill, eds.) Charles C. Thomas
Publ. Springfield (Ill.) 1964; str. XIII + 226; cena $ 10.50.

Ksigzka stanowi zbi6ér referatéw wygloszonych w dniach 10 i 11 pazdziernika
1963 r. w Nashville (Tennessee, U.S.A.) na Sympozjum po$wieconym transportowi
lipidéw. Jest ona cennym uzupelnieniem Sympozjum na temat blon plazmatycz-
nych, ktére odbylo sie¢ w Nowym Jorku w grudniu 1961 r. (Circulation 26, 983, 1962).

Problemy poruszone na Sympozjum wdotyczg absorpcji lipidow w jelicie oraz
transportu tluszezéw we krwi, tkance ttuszczowej i watrobie. Udzial biochemikow,
fizjologbw i morfologéw zapewnil wielostronne nas$wietlenie omawtanych zagad-
nien. Referaty, przygotowane przez specjalistéw poszczegélnych dziedzin, sumuja
w formie skondensowanej do§wiadczenia wtlasne oraz wazniejsze zdobycze innych
pracowni, Celowoéé dialogu chem'k6é6w z morfologami uwidocznita sie szczegblnie
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przy omawianiu absorpcji tréjglicerydéw w jelicie. Mimo szeregu jeszcze nie-
jasnosci obraz zarysowany przez B. Borgstroma oraz przez S. L. Palay’a i J. P. Re-
vela stanowi logiczng calosé.

Pozostale problemy obejmuja transport lipidéw oraz regulacje ich gospodark:
w gléwnych narzadach i tkankach. Poruszono takze sprawy zwigzane z budowa
bton plazmatycznych i mechanizmem przepuszczalno$ci. Referenci i specjalnie za-
proszeni dyskutanci podjeli trudne zadanie powigzania danych biochemicznych
i biofizycznych z morfologicznymi. Wiele pytan pozostalo bez odpowiedzi, szereg
hipotez budzi zastrzezenia — mimo to, podjecie dyskusji wydaje sie byé na czasie.
Dyskusja zajmuje wiele miejsca i slanowi wazng cze$§¢ omawianej ksigzki.

O lipoproteidach, ktére graja decydujgcg role zaré6wno w budowie bton pél-
przepuszezalnych, jak i w transporcie lipidéw, pisze J. L. Oncley zajmujgcy sie
tymi zagadnieniami od wielu lat. Lipoproteidy wystepuja niemal we wszystkiich
tkankach i posiadajg w swej czasteczce grupy wysoce polarne i miepolarne. Dziek:
temu moga one, jak sugeruje J. F. Danielli, otwieraé lub zamykaé ,pory* zmflenia-
Jac swoje ustawienie na pogramiczu faz. Mimo pokaznej liczby publikacji na temat
lipoproteidow (w latach 1957 - 1962 ukazalo sie ich blisko 1300) wiadomos$ci o lich
strukturze sa skape. Dotyczy to szczegblnie lipoproteidow komoérkowych.

Ksigzka daje przeglad aktualnego stanu wiedzy o transporcie lipidéw i zwig-
zanych z miim probleméw. Czytelnik latwo zorientuje sie w kierunkach badan maj-
blizszych lat i to zaréwno ubieglych, jak i madchodzacych. Dzigki Sympozjum
zarysowato si¢ bowiem wiele konkretnych pytan, na ktére odpowiedz staje sie
palgca. Fizjolodzy, biochemicy i morfolodzy zainteresowtani przemiiang i transpor-
tem lipidow znajda tu wiele interesujgcego materiatu. Dla klinicystéw zajmujgcych
sie¢ chorobami wyniklymi z zaburzen przemiany lipidéw lub dch tramsportu,

ksigzka moze okaza¢ sie thkze bardzo pozyteczna. .

Ryszard Niemiro

C. H Stuart-Harris and L. Dickinson, THE BACKGRCUND TO
CHEMOTHERAPY OF VIRUS DISEASES. Charles C. Thomas Publ.,, Spningfield
(I1L) 1964; str. X + 175, cena $ 10.50.

Ksigzka posiada siedem rozdzialéw traktujgcych o chemicznym skladzie wiru-
sé6w i mechanizmie ich namnazania, o patologii infekcji wirusowych, o interfero-
nie — jego produkcji i biologicznym znaczeniu, o do$wiadczalnych badaniach
w zakresie chemoterapii zakazen wirusowych i stosowaniu $rodk6éw chemicznych
w lecznictwie.

Najpierw Autorzy ksigzki wprowadzaja czytelnika w ogdine zagadnienia skladu
chemicznego wiruséw, niektérych ich wlasnoéci fizykochemicznych i biologicznych.
W odrebnej tablicy zestawiono najwazniejsze grupy wiruséw, sklasyfikowane na
podstawie rodzaju posiadanego kwasu nukleinowego i nozmiaréow czgsteczki, Dalej
nastepuje omoéwienie poszezegélnych etapéw cyklu rozwojowego wiruséw w ko-
moérkach iywiciela, lokalizacja w komorce, wtasnos$ci serologiczne wiruséw oraz
zmiany metaboliczne komoérki podczas poszezegélnych stadiéw reprodukeji réz-
nych wiruséw, Interesujacym jest rozdzial po$wigcony reakcji obronnej komérki
zakazonej wirusem. Wyrazem tej reakcji jest synteza substancii biatkowej zwanej
interferonem o wilasno$clach inhibitora proces6w metabolicznych komorki, powsita-
jacego w wymiku wtargniecia obcego kwasu mnukleinowego. Zagadnienie mecha-
nizmu powstawania interferonu, jak i jego funkcja biologiczna, nie sg jeszcze
zupelnie jasne i Autorzy ksigzki krytycznie oceniaja mozliwosci praktycznego-
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zastosowara tej substancjii w leczeniu infekcji wirusowej. Stosunkowo szeroko
potraktowano wykorzystanie réznych zwigzkéw chemicznych w procesie hamowa-
nia rozwoju wirusa w komoérce. Szczegdtowo oméwione zostaly antymefiabolity
biosyntezy kwaséw nukleinowych i biatka, $rodki z grupy tiosemikarbazonéw
oraz produkty réznych drobnoustrojéw wstrzymujgce rozw6j niektérych wiruséw.
Wszystkie te substancje i sposoby ich dawkowania zebrane sg w przejrzystym
zestawieniu.

Ksigzka Stuarta-Harrisa i Dickinsona bedzie interescwaé¢ mnie tylko wirusologa
czy biochemika zajmujacego sie wirusami, lecz réwniez patologa i klinicyste, kté-
rzy pragna poznaé nowe drogi eksperymentalnej wirusologii i mozliwosci leczenia
schorzen wirusowych u ludzi. PiSmiennictwo (ok. 500 pozycji), zebrane do roku 1963
wlacznie, obejmuje znaczng cze§¢é publikacii ostatnich kilku lat zwigzanych z pro-
blematykg wspélczesnej wirusologii.

Wtodzimierz Ostrowski

G. B. Ansell and J. N. Hawthorne, PHOSPHOLIPIDS. CHEMISTRY,
METABOLISM AND FUNCTION. Elsevier Publ. Comp., Amsterdam - London -
New York 1964; str. 437; cena Dfl. 35—, sh. 110, DM 61.50.

Ksigzka Amnsella i Hawthorne’a ukazuje sie w kilkanascie lat po znakomitej
monografii Wittcoffa o fosfolipidach wydanej w roku 1951. Miarg postepu wiedzy
w tej dziedzinie moze byé fakt, ze ponad 80°% prac, cytowanych przez Amsella
i Hawthorne’a — to pozycje, ktére ukazaly sie po 1950 roku i nie byly omawiane
przez Wittcoffa. Kazda z tych dwoch monografii daje podsumowanie dorobku
i obrazuje aktualny stan badan, totez poréwmnanie obydwu pozwala oceni¢ osigg-
niecia w dziedzinie wiedzy o fosfolipidach w ciggu tych stosunkowo niewielu lat,
ktére dzielg daty tych publikacji.

Ksigzke Amsella i Hawthorne’a mozna by podzieli¢ na dwie czeéci, z kitérych
jedna omawia strukture i metabolizm fosfolipidéow, a druga zajmuje sie raczej ich
biologiczng rola w zywym organizmie, gtéwnie zreszta w organizmie zwierzecym,

Nie ulega watpliwo$ci, ze masza wiedza o strukturze fosfolipidow wzbogacita
sie ogromnie w ostatnich czasach. Nowoczesne metody umozliwily zaréwno otrzy-
mywanie poszczegbélnych substancji w stanie czystym, jak i ich chemiczng synteze.
Autorzy szezegélowo i krytycznie omawiaja mowe matody analizy fosfolipidow
i, od lat pracujgc w tej dziedzinie, nie szczedzg praktycznych wskazéwek, niekiedy
bardzo cennych. Zdaniem Autor6w, doktadne scharakteryzowanie wszystkich skiad-
nikéw fosfolipidowych tkanek i komoérek jest kwestia najblizszej przyszioéci.

W kilku rozdziatach Autorzy omawiajg zagadnienia biosyntezy i katabolizmu
fosfolipidé6w w orgamizmie zwierzecym. W tej dziedzinie postep jest rzeczywiscie
ogromny, je$li wzigé pod uwage, ze jeszcze dziesieé lat temu praktycznie nic mnie
bylo wiadomo o szlakach syntezy fosfolipidGw w zywym ustroju. Obecnie skompli-
kowane te procesy sg stosunkowo dobrze poznane i nawet w szczegéltach wy-
jasnione, co jest w duzej mierze zastugg piekmych prac Kennedy'ego i jego wspoéi-
pracownikéw. Podobnie wiele azdzialano w kierunku wyjaénienia enzymatycznej
degradacji fosfolipidéw w ustroju i ich utleniania.

Wiele miejsca poswiecajg Autorzy krytycznemu omoéwieniu prac, dotyczacych
rozmieszczenia, skladu i metabolizmu fosfolipidéw. Na uwage zwlaszcza zastuguje
obszerny rozdziat o fosfolipidach w' ukladzie nerwowym, przynoszacy mnostwo
cennych informacji. Uzupelnia te cze§¢ ksigzki szereg zbiorczych tabel, o duzej
warto$ci dla czytelnika interesujgcego sie tg dziedzing biochemii.
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Tak wigec wspblna praca wielu badaczy doprowadzita do stosunkowo dokiad-
nego scharakteryzowania skladnikéw fosfolipidowych w komérkach i do wyjasnie-
nia glownych szlakéw ich przemian. Pytanie jednak, ktére od lat pasjonuje bio-
chemika i fizjologa, dotyczy biologicznej roli tych zwigzkéw, ich funkcji w zZywym
organizmie. Sama struktura fosfolipidéw, polgczenie w jednej czasteczce grup po-
larnych i apolarnych, zdaje sie predestynowaé te zwigzki do pelnienia najroz-
maitszych funkcji, zar6wno w poszczegblnej komérce, jak w tkance czy marzadzie.
Tym tez zagadnieniom po§wigcona jest wigksza cze§¢ monografii Ansella i Haw-
thorne’a, ktérzy na podstawie wielu setek prac starajg sie zobrazowaé aktualny
stan badan i krytycznie je ocenlié¢. Nie silg si¢ oni na wycigganie jednoznacznych
wniosk6w; przy obecnym stanie wiedzy niewiele jest pwytan z tej dziedziny, ma
ktére mozna by definitywnie odpowiedzieé.

Udziat fosfolipidéw w procesie chlonienia tluszezu postulowano juz od bandzo
dawna. Dopiero jednak poznanie ‘szlaku biosyntezy glicerydéw i stwierdzenie, Ze
intermediatem reakcji jest kwas fosfatydowy, pozwolito zrozumie¢ zdanie Sinclafira
sprzed 25 lat, mianowicie, ze resynteza glicerydoéw w $luzéwce jelitowej zachodzi
poprzez stadium fosfolipidow. Nie wyjadnito to jednak wszystkich probleméw i ani
rola fosfolipidow, ani, co dziwniejsze, sam proces absorpcji tluszczu w jelicie nie
zostaly jeszcze dotagd wyjasnione (nawtasem moéwigce, to ostatnie zagadnienie —
chionienie tluszezu — jest weigz przedmiotem tak ozywionej dyskusji i osobistego
nieraz ,zaangazowania“, ze Autorzy nie zdobyli sie na obiektywizm w przedsta-
wieniu tej sprawy).

Fosfolipidy sg stale wystepujacym i nieodzownym sktadnikiem wszelkich
membran biologicznych. Obecno§é hydrofilnych i hydrofobowych grup w czgsteczce
sprawia, ze sg one «doskonale przystosowane do tego, aby stanowié¢ integralng czes$é¢
blony oddzielajacej jedno $rodowisko wodne od drugiego. Ta ich lokalizacja dala
podniete do badan nad ich mozliwym udzialem ‘w czynnym transporcie jonéw przez
blone. Badania dotyczyly , pompy sodowo-pobasowej* w erytrocytach, wydzielania
NaCl przez gruczoly solne miektérych ptakéw, metabolizmu kationé6w w tkance
nerwowej, wydzielania niektérych hormon6éw itd., i choé w chwili obecnej nie
mozna jeszcze powiedzie¢, czy i jaki distnieje zwigzek pomiedzy akiywnym trans-
portem substancji przez blony a metabolizmem miektéorych fosfolipidow, to jednak
zagadnienie to jest wecigz zywe i niewgtpliwie zasluguje na uwage.

Fosfolipidy, bedgc integralnym skladnikiem blon, stanowig znaczng cze§é su-
chej substancji mitochondriow i mikrosoméw. Udziat fosfolipidéow w lancuchu
transportu elektronéw zdaje sie juz obecnie nie ulega¢ watpliwosci, gléwnie dzieki
$wietnym pracom Greena i jego szkoly. Przekonywajace sg tez dowody ma to, ze
fosfolipidy sg miezbedne dla aktywnosci enzymatycznej czastek sub-mitochondrial-
nych. Na czym jednak rola ich polega — trudno jeszcze obecnie powiedzieé.

Znacznie bandziej zagadkowe jest znaczenie obfitego wystepowania fosfolipi-
déw w mikrosomach, ktére niektérym autorom masunelo przypuszezenie o ich roli
w procesie syntezy biatka. Prowadzone sg réwniez prace doszukujace sie zwigzku
pomiedzy metabolizmem fosfolipidéw a procesami mitozy w jgdrze komoérkowym.

Zastanawiajgcym, a nawet paradoksalnym, moze wydawaé sie fakt, ze w dzie-
dzinie od lat miezwykle intensywnie badanej (i bogato subsydiowanej), dotyczacej
mianowicie zaburzen w ukladzie krazenia, nauka dotychczas nie potrafila odpowie-
dzie¢ ma pytanie, jaki jest zwigzek pomiedzy metabolizmem lipidéw a patologig
miazdzycy. Tomy juz zapisano na ten temat, ale z powodzi tysiecy danych, czesto-
kro¢ ze soby sprzecznych, trudno jest wyciggnaé jednoznaczne wnicski.

Autorzy monografii mie staraja sie bynajmniej ukrywaé faktu, ze w wielu
dziedzinach podsumowujg raczej stan maszej niewiedzy. Daja bogaty przeglad prac,
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krytycznie oceniajg ich warto§é dowodowa, starajg sie podaé¢ jak najwiecej infor-
macji i nie narzucaé swojego pogladu.

Monografia Ansella i Hawthorne’a obszernie omawia zagadnienia, ktére przed
15 laty, gdy ukazala sie¢ publikacja Wittcoffa, nie byly jeszcze nawet sformulo-
wane. Pytania, ktére nauka stawia obecnie, sa bez poréwnania $mielsze, bardziej
skomplikowane i glebiej sigegajgce. Fakt, ze zostaly sformulowane, pozwala jednak
mieé nadzieje, ze predzej czy pbzniej uda sie znalezé wlasciwg odpowiedz. I ten
optymistyczny wniosek mozna by wyciagnaé z ksigzki, ktérej kazdy niemal rozdziat
konczy sie znakiem zapytania.

Paulina Wtodawer

PTERIDINE CHEMISTRY. Proceedings of the third International Symposium held
at the Institut flir Organische Chemie der Technischen Hochschule Stuttgart,
September 1962. (W. Pfleiderer & E. C. Taylor, eds.) Symposium Publications
Division, Pergamon, Press, Oxford - London - Edinburgh - New York - Paris - Frank-
furt 1964; str. XX + 535; cena £5.

Dnia 20 czerwca 1889 roku na posiedzeniu Towarzystwa Chemicaznego w Lon-
dynie pewien miody student medycyny, p6ézniejszy laureat magrody Nobla, F, Gow-
land Hopkins doni6st o wyizolowaniu ze skrzydet motyli z rodziny Pieridae bez-
postaciowego produktu o zabarwieniu ochry. Produkt ten dawatl intensywng reakcje
mureksydowsg, co sugerowalto jego pokrewienstwo z kwasem moczowym, Kilka lat
pbézniej ukazala sie praca F. G. Hopkinsa pod nieszablonowym tytutem: “The
pigment of the Pieridae: a contribution to the study of excretory substances which
function in ornament”. .

Minelo dalszych trzydazie$ci lat zanim C. Schopf, asystent Henryka Wielanda,
otrzymat s6l sodowg leukopteryny, barwnika ze skrzydel! motyla Pieris brassicae.
Po wielu probach, pewnego dnia pod koniec 1925 noku, stwierdzil on wreszcie, ze
z6tte krysztatki jego preparatu réznia sie nie tylko barwa od krystalicznego mo-
czanu, lecz ze zawieraja dwukrotnie mniej sodu. Pelen rados$ci, mimo pbZnej
godziny zadzwonil Schopf do swego szefa. W odpowiedzi ustyszal jedynie krétkie
“So so” — i wiecej nigdy juz mie niepokoil Wielanda wieczornymi telefonami,

Strukture barwnikéw, tak dilugo mylonych z kwasem moczowym, ustalil osta-
tecznie R. Purrmann, ktéory w 1940/41 r. przeprowadzil réwniez chemiczng synteze
leukopteryny, ksantopteryny i izoksantopteryny.

Byly to poczatki chemii pterydyn. Zywg relacje z tego okresu badan nad ptery-
dynami stanowit referat prof. dr C. Schépfa inaugurujgcy III Miedzynarodowe
Sympozjum na temat Chemii Pterydyn, ktére odbylo sie we wrze$niu 1962 r. w Stutt-
garcie. W Sympozjum wzielo udziat 52 badaczy z kilku czotowych o$rodkoéw zaj-
mujgcych sie chemig i biochemig pterydyn. Wsré6d uczestnikéw byli badacze tej
miary, co A, Albert, J. M. Buchanan, L. Jaenicke, S. Kaufman, M. Viscontini,
H. C. S. Wood.

Wygloszono 36 referatéw, z ktérych blisko porowa dotyczyla syntezy chemicz-
nej pochodnych pterydynowych. Szereg z nich, np. 2,4,7-tr6jamino-6-arylopterydyny
oraz 4,7-dwuamino-2,6-dwuarylopterydyny (J. Weinstock i D. Wiebelhaus; I. J. Pa-
chter; T. S. Osdene) wykazujg dzialanie diuretyczne; 2,4,7-tré6jamino-6-aryloptery-
dyny majg réwniez wlasnosci czynnikéw antyfolianowych, te za§ to potencjalne
leki przeciwnowotworowe. Wydaje sig, ze spoéréd poliaminopterydyn antagonisty-
cznie w stosunku do pochodnych folianu dziatajg analogi posiadajgce, podobnie jak
aminopteryna, co najmniej dwie grupy aminowe podstawione w pozycji 2 i 4 ukla-
du pterydynowego. Sadzi sie¢ (T. S. Osdene, E. C. Taylor), ze obecno§¢ grup amino-
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wych w tych pozycjach niezbedna jest dla zwigzania antymetabolitu z enzymem.
Wykazano ponadto, ze dwuaminowe pochodne czeSciowo zdeazowanych pterydyn
zachowuja wiasnosci antagonistow folianu. Przypuszcza sie przy tym, ze warunkiem
koniecznym 1 wystarczajagcym dla zachowania wlasno$§ci antyfolianowych jest obec-
nos¢ obydwu atomoéw azotu w pier§cieniu pirymidynowym 2-4 dwuaminodeazopte-
rydyny. Moze to sugerowaé, ze wiasnie te dwa atomy grajg wazng role w 1gczeniu
sie pochodnych folianu z biatkami (O. D. Bird, V. Oakes, K. Undheim, H. N. Rydon).

W wielu referatach omoéwiono rézne techniki rozdziatu i identyfikacji pterydyn
(J. E. Fildes; H. S. Forrest i S. Nawa; H. N. Guttman; J. Komeda; H. Rembo.d
i L. Bushmann; R. Tschesche, B. Hess, 1. Ziegler, H. Machleidt; M. Viscontini).
Miedzy innymi dyskutowano strukture niektérych pterydyn, jak drozopteryny
i sepiapteryny, wystepujacych u Drosophyla (M. Viscontini; H. S. Forest i S. Nawa).

Badania nad synteza i strukturg pterydynoglikozydéw daty podstawe do wy-
suniecia pod dyskusje mnowego schematu ilustrujacegoe prawdopodobny. tok prze-
mian puryn w pterydyny (W. Pfleiderer, R. Lohnmann, F. Reiser, D. So6ll).

Zjawisko kowalencyjnej hydratacji niektérych wigzan C = N ukladu pterydy-
nowego zaobserwowane po raz pierwszy w 1951 r. w laboratorium A. Alberta, bylo
przedmiotem jego referatu. Mechanizm kowalencyjnej hydratacji wyjasnia Albent
nastepujgco: obecnosé¢ kilku podwédjnych wigzan C =N w ukladzie pterydynowym
moze powodowaé takie przesuniecia elektronéw, ze w wyniku jedno z wigzan
podwoéjnych zostaje silnie spolaryzowane i w konsekwencji atom azotu moze przy-
lgezaé kowalencyjnie czynniki mukleofilne. Resonans powodujacy stabilizacje tego
stanu umozliwia, wedlug Alberta, przylgczenie niezbyt silnie nukleofilnej czasteczki
wody. Wydaje sig, ze znaczenie kowalencyjnej hydratacji w procesach biochemicz-
nych polega na utatwieniu takich na przyklad oksydacji enzymatycznych jaek utle-
nianie hypoksantyny do ksantyny. Reakcje przylgczania odczynnikéw nukleofilnych
do dwuhydropterydyn i prawdopodobne znaczenie takich proceséw w przemianach
biochemicznych byly trescig referatu A. C. S. Wooda i wspo6tpracownikéw (T. Ro-
wan i A. Stuart).

Transformacje pterydyn podczas enzymatycznej hydroksymetylacji fenylo-
alaniny przedstawil na podstawie badan wlasnych S. Kauffmann. Udzial pterydyn
w procesie hydnoksylacji fenyloalaniny stanowi pierwszy i jak dotgd jedyny znany
przyktad koenzymatycznej roli pterydyn niezwigzanych. Mozna jednak przewidy-
waé, iz zwigzki te czynne sg réwniez w innych enzymatyoznych procesach oksy-
dacji i redukcji. 2

Koenzymatyczna rola tetrahydrofolianu w .metabolizmie fragmentéw jedno-
weglowych oraz przypuszczalne mechanizmy enzymatycznych oksydacji i redukcji
biegngcych przy udziale tetrahydrofolianu byly przedmiotem referatu F. M. Huen-
nekensa i K. G. Scrimgeora. Role N-5-metylotetrahydrofolianu w enzymatycznej
syntezie grup metylowych metioniny oméwiono w referacie J. M. Buchanana,
A. R. Larrabee, S. Rosenthala i R. E. Cathou. Problemy biosyntezy pterydynopyro-
fosforanu (L. Jaenicke), biopteryny, kwasu foliowego (A. Wacker, E. Lochmann
i S. Kirschfeld) oraz ryboflawiny (G. W. E. Plaut) byly réwniez omawiane podczas
Sympozjum:.

Tom zawierajgcy zbiér referatéw sympozjalnych wraz z dyskusja daje wglad
w mnajbandziej aktualne zagadnienia chemii pterydyn. Dzieki za§ udzialowi wy-
bitnych badaczy, osobi$cie od lat zaangazowanych w pracy eksperymentalnej w tej
dziedzinie, problemy poruszane s ze znawstwem, co ulatwia czytelnikowi zorien-
towanie si¢ w ich bardziej ogéinych aspektach i powigzamiach. Monografia Pteri-
dine chemistry jest jednak raczej przeznaczona dla grona specjalistéow, nie ograni-
czajacego sie jednak do chemikéw syntetykéw i biochemiké6w, lecz obejmujacego
réwniez farmakologow. Zofia M. Zielinska
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T. L. V. Ulbricht, PURINES, PYRIMIDINES AND NUCLEOTIDES and the
Chemistry of Nucleic Acids. Pergamon Press, Oxford - London - Edinburgh - Paris -
Frankfurt; The Macmillan Company, New York, 1964; str. 1+ 79; cena 12s 6d.

Recenzowana ksigzka stanowi 25-ty tom serii krétkich monografii z réznych
dziedzin chemii organicznej, opracowanych przez majwybitniejszych znawcéw pod
redakcja Sir Roberta Robinsona. Ksigzka Ulbrichta znakomicie spelnia postawione
Autorowi zadanie: podaje w krétkiej, niemal encyklopedycznej, lecz wyczerpujg-
cej formie podstawy chemii puryn i pirymidyn oraz ich pochodnych. Tekst jest
uzupelniony duzg liczba wzoréw (253) oraz schematami, co sprawia, ze jest jasny
i zrozumialy mawet dla czytelnika nie 2znajacego zagadnienia. Odnosniki do
piSmiennictwa sg starannie opracowane, uwzgledniaja najnowsze pozycje i czesto
sq opatrzone krétkg wskazéwka lub informacja.

W pierwszym rozdziale dotyczacym chemii puryn i pirymidyn Autor uwzgled-
nia reakcje podstawienia przez odczynniki elektro- i nukleofilne, przeksztatcenia
w obrebie czasteczki oraz reakcje addycji, redukcji, utlenienia, acylacji i alkilacji.
Osobny mozdzial poswiecony jest syntezie puryn i pirymidyn. W mnastepnych trzech
kolejnych rozdzialach omé6wiono strukture, synteze i biosynteze nukleozydow,
nukleotydéw oraz kwaséw nukleinowych.

Chemia puryn i pirymidyn oraz tworzonych przez nie polgczen, wsréd ktérych
wiele wykazuje dziatanie farmakologiczne, jest zwykle zbyt pobieznie ujmowana
nie tylko w podrecznikach chemii organicznej, lecz réwniez w podrecznikach
zwigzkéw heterocyklicznych. Dlatego ksigzka Ulbrichta w okresie obecnego wiel-
kiego zainteresowania rolg kwaséw mukleinowych w zywych organizmach stanowi
bandzo cenne zZr6dlo wszechstronnych, podstawowych informacji chemicznych
o tych zwigzkach i ich skladnikach.

Konstancja Raczynska-Bojanowska
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ACTA BIOCHTIMICA PO ES OSNE T Clck

Vol. XIT 1965 No. 2

B. BATAJIIK un E. ITABEJIKEBUY

CUHTE3 U CBOVICTBA AHAJIOTOB KOEH3MMA B;; METUMJIVMPOBAHHBIX
B AJIEHO3MJIOBOM YACTU MOJIEKVYJIBI

Peszome

OnuchIBaeTcA cuHTE3 M CBOMCTBAa ABYX AaHAJOrop KOeH3umma Bjj, copepzkammx
BMECTO aJieHO3MHA COOTBETCTBeHHO l-MermaageHosus u NP-mermmagenosms. Mceaeno-
BaJIOCh BJIMAHME 9THMX AHAJOrOB HA SH3MMATHMHECKOe NpeBpallieHMe rimieposia B ruja-
POKCUIIPDONMOHEBbI aJbJAerujl, a TaKykKe 9TWJIEHIJIMKOJIA B YKCYCHBIA aJbJermpg
n 12-nponaHanoyia B NPOMMOHOBBII anabjerni. Oba aHajgora OKas3aJMCh KOHKYPEHT-
HbIMM MHrMOMTOPaMyM peakLyy Iiauueposia. AHANOr coaepxaumit l-mMeTuyiaaeHO3uH
oKasajica TaKiKe HEeaKTMBHBLIM B OOMEHe AMOJIOB, TOT/la KAk aHaJlor c N“—Me'rmlageno-
3MHOM ObLI KaTajau3aTopoM 5TMX peakumit. KoHCTaHTBI AucCcONMALMM KOMIIJIEKCOB
anochepmeHTa ¢ aHaJoramMy M ¢ KOSH3MMOM Biy ABIAIOTCA YMCJIAMM TOTO ¥Ke INOPAL-~
Ka (K’m 10—7 M). Kommieke anodepmenrta ¢ KO9H3MMOM By, Oosee arkTuBeH, ueMm
KOMIIZIeKe anocdepmMenTa c¢ aHaaoroMm, coxepxkaumy NP-mermnagenosmsn. KoscraHTta
Muxasymca AnA peakuyuy NpPeBpalleHna 1,2-nponasHanojia B NPONMOHOBBIN aJbAETUA
B NPUCYTCTBMM KOSH3MMa By, cocrasiaer 3.1 X 10—%M, a B mnpucyrcrBum aHajora
¢ NS-mermnagenozusom 1.1 X 10—2 M. O6CyRAQeTCA 3aBUCMMOCTH KOSH3MMATHHECKOH
AKTUBHOCTH KO%H3MMa By OT ero XMMm4yecKoro CTpOeHM:A.

B. BUCBHEBCKU

PA3JIEJIEHME BEJKOB IIPOIIMMOHOBOKMCIIBIX BAKTEPUN
HA HNEJJIIOJO3HBIX MOHOOBMEHHUKAX

Pezome

Paspaboran merox pasaeneuns OEJKOB NPONMOHOBOKMCJIEIX BAaKTePUit HA KOJIOH-
kKax ¢ DEAE-nenmos030ii npumeHas smouuio OydepHbIMy pacTBOpaMy CO CTYIEH-
YaTbIM YBEJMYEHMEM MOHHOI cuabl npu nocroamHom pH. Beaku mrammos Propio-
nibacterium shermani, P. petersoni, P. freudenreichi y P. arabinosum 6&eim pas-
JeneHpl Ha 9 bpakiyit, B KOTODPBIX ONDPEAENSANach AKTMBHOCTL [-rajJlaKTOZMAA3bI
u wenoyHoi ¢ocdaraspl. f-raxakrTo3uAas’a He ObLla HaNleHa B LITAaMMax KyJdbTH-
BMPYEMBIX HA CpeAax ¢ IVIOK030i. DT1or hepmeHT Obll MHAYUMPOBAaH NPy pOCTE
6akTepuit Ha cpejax, cojepxKaumx JakTody. Pacnpepenenme cocgaraspl B Xpoma-
Torpammax 6enkoB P arabinosum oTiamuasocs OT pacnpefeHus B APYIMX LUTamMmax.
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A. TAWJIEP u K. TAWMJIEP

PELENITOPHBIE CBOJICTBA IIOJIMCAXAPHUIOB Vi BBEIJEJEHHBIX
PABJIMYHBIMMY METOLAMM

Peszwome

V13 Gakrepmit Escherichia coli 5396/38 Bbigesnen 3HAYMTEIBHO OYMIIEHHBI ITpe-
napar noaucaxapuza Vi meropom Xpomarorpaduy Ha OOGOJIOYKAX 9PUTPONMTOB aj-
copOupoBaHHBIX Ha neaure. Dror npenapar (Vi-T) cpaBHMBajica ¢ ABYMA APYTUMM
npenaparamy nojaucaxapyuaa Vi, HOJY4YEHHBLIMM M3 TOTO K€ IUTAMMa, a MMEHHO C Ipe-
mapatoM noJyd4eHHbIM BeGcrepom mu corp. (Vi-W) meropom Xummyeckoro hparumo-
HMPOBaHMA ¥ C NpernapaToM, nojydeHHbiM 2KepBum u corp. (Vi-J), meroxzom npena-
PaTHMBHOIO 9JteKTpodopesa.

IIpenaparer Vi-J u Vi-T obGnaganym pPeLEePTOPHO# AKTMBHOCTBIO I10 OTHOLLIEHMUIO
K Gakrepuodbary Vi II, Torpga xaxk npenapar Vi-W He oGnazan 9TOM aKTMBHOCTBIO.
Bakrepuodar Vi Il npu makybGaumum ¢ npenaparamy Vi-J y Vi-T yHuaroxaer ux
PELeNTOPHYI0 aKTUBHOCTE.

M. XWIJIAP n B. 2KEYMIIKU

BIMAHUE MAKPOKATVMOHOB ¥ MAKPOAHMOHOB HA MUTOXOHJIPUU
Pe3zome

YCTaHOBJIEHO, YTO OCHOBHbIE GENKM OKa3bIBAIOT TOPMO3sflllee AEICTBME HA CIIOH-
TaHHOe ¥ MHAYUMPOBaHHOe HabyXaHue MMTOXOHAPMEB. DTo BIMAHMe MOKHO ycTpa-
HUTb A0GaBieHMeM MaKPOAHMOHOB TaKMX, KAk HanpuMep: TaHIJIMO3MJ Wiy MYLUMH.
Taurauosua yu MyLMH camMy CTMMYJMPYIOT HabGyxaHue.

Bananye OCHOBHBIX GEJKOB 3aBMCUT OT CBA3BLIBAHMA MX MMUTOXOHAPUAMKU. Pe-
3yaAbTaThl OOCYKAQIOTCA HA OCHOBAHMM NPEABAPUTEILHO OMYOIMKOBAHHBIX pE3yJib-
TaTOB.

T. BOPKOBCKM, I. BEPBEIIb y I B2ZKVIIIKEBUY

VU3MEHEHUA XVMMUYECKOIO COCTABA M3OJMPOBAHHBIX KJIETOYHBIX
AJNEP Y13 MO3TA M IIEYEHM KPBICEI

Peszmome

J30tMpoBaHHbIE KJETOYHbIEe AApa MO3ra y Ne4YeHy MHKYOMPOBaJMCh B M30TOHM-
YeCKOM PpacTBOpE CaxXapo3bl C INIOK030it. IIpy wHKyGammy cocdar meueHnnt 2P
BRJOYadca B AAepHyio RNA gnaxe B Tex ciaydadX, B KOTOPHIX OJHOBPEMEHHO Ha-
Garozaniocs yMeHbLUeHMe copep:xkanmsa obumero RNA ma 50% wu yBeamuenue copep-
JKaHMA CBOOOJAHBIX HYKJIEOTHOB.
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II. MAIUTAJIE2K, 3. BEHOP3K u M. KOXMAH

NOTPEBJIEHUE ®OCPOPA CBA3AHHOIO C YIVIEPOJIOM
MUKPOOPTAHU3MAMMU

Pe3oMme

1. YcranoBueHo, yro E. coli 307 u E. freundi pacryr ma MuHEpaJabHOiI cpeje
copepkamier 9TMIAMOCHOPHYI0 KUCIOTY man 2,3-aurnaporcunponmicdocdopHyio Ku-
caory BmecTo oprodocdara.

2. TIokazaHo, yro M. phlei ne pacrer Ha cpeaax, CofepiKalMX BMECTO OPTO(O-
cchara sTmidbocdopHyI0 KMCJIOTY, HO pacrer Ha cpefax ¢ 2,3-AurMApoKcuIponmiIco-
cchopHOIT KMCIIOTO.

3. Ilpu pocre Ha 2,3-AUTMAPOKCHIIPONMIGOCHOPHOI KucI0Te 00pasyloT KMUCJIO0TO—
nabunabHble (hocehopHBIE COeMHEHMA.

K. TAWUJEP

UCCJIEILOBAHUA HAJ IIOTEPEM PELEIITOPHOM AKTUBHOCTU
IIOJIMUCAXAPULIA Vi ITPY MHKYBAIIUN C Vi-PATOM II

PezwoMme

Y CTaHOBJIEHO, YTO NOTEPsA PEeLEeNTOPHO) aKTMBHOCTM MoJycaxapufia Vi mopx Bau-
aauem ¢ara Vi II moxker nporekars B 0,1 M-anerare aMMOHMA. Viccaenosanoch BJM-
AHMe Temneparypel u pH Ha CKOPOCTH 9TO) pearkuuy. Orta PeaKumMsa TOPMO3UTCH
EDTA, Torga Kak n-XJOpMepKypobGeH3oiHas Kuciora yu N-sTmamanemmupy He BJIU-
AT Ha 9Ty PeaKuuIo.

Ilocne muKyGammu c noaucaxapujaoM COXpaHAeTcd Kak MHGEeKUMOHHOCTH dara,
TAaK ¥ €ro CcrocobHOCTH YHMYTOZKAThH PELENTOPHYI0 aKTUMBHOCTH HOBOV NOPIMNy mOJmM-
caxapuaa.

I'. MUXAJIDK-MOPUKKA

CPABHUTEJIBHBIE UCCJIEJOBAHMA HAJL OBMEHOM TUPO3MHA
¥ PABHBIX BUJIOB KMBOTHBIX

PeszoMme

1. YcraHOBJNEeHO, yr0 B ne4eHy rojayds, Auepuubl, CyAakKa ¥ IIYyKu a3pOOHLIN
Karaboau3M TMPO3MHA NPOTEKAaeT TAKuUM Ke IyTeM, KaK ¥ y MJIEeKONUTAoIMX, T.e.
c obpasoBaHmem (pymapara u aneroarerara.

2. ¥V nAarymky He ypaaerca OOHapy»XuThb OAHOro chepMeHTa u3 pAAa peakumit
garaboamMsMa TUPO3MHA, a MMEHHO OKCHMAA3bl II-TMAPOKCHMNMpPyBara. ¥ JATYLUKK
MMeeTcsd, NOBUAMMOMY, B 9TOM Mecre Meraboamueckas Oaokajna.

3. ¥V ynurku Oblia HaijeHa aMiup TPAaHCAMMHA3a TUPO3MHA. Y 9TUX OPraHuM3MOB
TUPO3MH pasjlaraeTrcsd, IIOBUAMMOMY, MHBIM IYTEM .
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JI. IIAPKOBCKA u M. SPEIMHBCKA

BOCCTAHOBJEHUE HUKOTUHAMUI-ATEHVMHOBBIX AUHYKJIEOTUIOB
XOJMHOM ¥ CAPKO3MHOM B MUTOXOHJPUAX, 3ABUCHAIIEE
OT IOCTABKM SHEPIUM

PezoMme

XoamH y capko3mH, cybcTpaTbl OKMCifAeMble HEMOCPEACTBEHHO (DJIaBONPOTEHHO-
BbIMM (DepMeHTamMy MOryT BOCCTAHABJMBATE HUKOTHMHAMMA-aJE€HVHOHBIE IMHYKJIEO-
TUABI B MUTOXOHADPMAX C HCHAPYIIEHHBIM CONPAMKEHMEeM w3 IeYeHy KpPbIChL 2Ta
Pearuus 3aBUCUT OT AOCTABKM SHEPrMy M NPOMCXOAMT NyTem OGPaTHOro Harpasixe-
HUA TOTOKA 9JIEKTPOHOB.

I'. MOPABCKA-MYIIMHBCKA n 1. PAVIMEP

IIOJIVYEHUE M CBOVICTBA MHIMBUTOPA APIMHA3BI U3 CEMAH
IIOACOJHEYHUKA

Peszwome

1. IlonyyeH mpenapar MHruOMTOpPa aprymHasbl OYMILEHHBIA NPUOAM3UTENBHO B 23
Pasa no CpaBHEHMIO ¢ AKTMBHOCTBIO MCXOJAHBLIX SKCTPAKTOB.

2. AKTMBHOCTb MHIMOMTODA NPOABJIAETCA B €ro cBA3bIBaHMM ¢ (hepMeHTOM. L-1im-
CTE€MH, MEPKanTO3TaHOJ M IJIIOTATMOH PEAKTMBMPYIOT aprMHa3Hyl0 aKTMBHOCTH 3a-
TOPMOIKEHHYIO JieiicTBuemM MHrudburTopa.

3. VIHrubuTOp ABJIAETCA HMU3KOMOJIEKYJIAPHBIM COEAMHEHMEM, Ha 4YTO yKasbIBaioT
pasyabrarel yabrpaduiabrpauuy Ha xeje ,Sephadex” y pmanuza. Marnéurop yCTOM-
4YUB B KMCJIOM cpeie, OTHOCUMTENbHO YCTOMYMB B HENTPAJbHON! cpele M IojgBepraercs
Pa3pylIeHnio B LIEJIOYHOM cpeje.
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