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A C T A  B I O C H I M I C A  P O L O N I C A  

V o l. X I I  1965 NO. 1

J. TROJANOW SKI and ELŻBIETA DERNAŁOWICZ

ISOLATION OF THE SOLUBLE TYROSINASE FROM CELERIO
EUPHORBIAE

D ep a rtm en t o f B io ch em is try , M. C u rie -S k ło d o w sk a  U n ive rs ity , L u b lin

Highly purified preparations of tyrosinase (очІірЬеіюкОг oxidoredue- 
tase, EC 1.10.3.1) have been obtained from mushrooms [4, 9, 5, 11, 1] and 
higher plants [7]. In animals however, especially in insects, during homo
genization of the tissues tyrosinase forms insoluble aggregates which 
interfere with the purification of the enzyme [3].

In insects, chinoines produced by oxidation of endogenous phenolic 
compounds participate in the process of aggregation of tyrosinase in vitro. 
Karlsoin & Liebau [3] applied L-ascorbic acid as reducing agent to pre
vent the formation of chinones and from Calliphora erythrocephala  lar
vae they obtained a highly purified soluble o-diphenol oxidase. Their 
preparation had, however, no activity towards monophenols which is 
characteristic for tyrosinase in vivo.

In the present work, soluble tyrosinase from Celerio euphorbiae 
pupae was isolated and some properties of the enzyme were studied. 
As the presence of a large amount of polyphenols in C. euphorbiae moth 
has been demonstrated by Heller & Mochnacka [2], L-ascorbic acid, ac
cording to Karlson & Liebau [3], was used as reducing agent.

EXPERIMENTAL

Material. C. euphorbiae diapauzing pupae were used for experiments. 
The caterpillars which underwent pupation between the 15th of August 
and the end of September were transferred to a cold room and kept at 4°.

Preparation of the adsorbent. Tyrosinase was chromatographed on 
calcium phosphate gel. As insect tyrosinase is a very labile enzyme, it 
seemed advisable to use brushite gel (CaHP0 4*H20) which has larger 
grain than hydroxy la patite applied by Tiselius et al. [12] for protein 
separation. This permitted to limit the time of elution during chromato
graphic separation of the enzyme. Brushite gel was prepared according 
to Tiselius et al. [12] by mixing equimolar aqueous solutions of CaCl2 
and Na2H P 04. The CaHP04 sediment formed was washed 4 times with
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2 J.  T R O J A N O W S K I a n d  E . D E R N A Ł O W IC Z [2]

water by deoantation. The obtained gel was kept at room temperature 
in a glass container with a polished stop-cork and was covered with an 
amount of water of the same height. These conditions ensured more 
satisfactory stability of the grain than when brushite was held in dry 
form; reproducible results of chromatographic separation were obtained 
when the adsorbent was used within 3 days since its preparation. For 
every experiment, the gel was standardized by estimating the time of 
sedimentation of a 5 cm. high gel column and determining the flow-rate 
of 0.005 м-phosphate buffer.

Determination of enzymic activity. The colorimetric method applied 
to obtain orientative data, consisted in determination of E1̂  increment 
during the first 2 min. of the enzymic oxidation of substrate per 1 mg. 
protein. To 1 ml. of the enzymic solution was added 0.5 ml. of 0.06 м-sub
strate solution. Readings were taken in a VSU-1 Zeiss spectrophotometer 
at 20°.

The manometrie method of Keilin & Mann [4] was used, with the 
modification of Kertesz & Zito [6] consisting in L-ascorbic acid being 
added to the incubation mixture. According to Miller et al. [10], if phe
nolic substrates are used without the addition of L-ascorbic acid the  
manometrie method is charged with an error due to non-linearity of 
the oxygen consumption curve. When, however, L-ascorbic acid was 
added to prevent aggregation and inactivation of the enzyme, a linear 
relationship was obtained (cf. Fig. 4).

The determinations were made in  a Warburg apparatus at 25°; to the 
main vessel were added 2 ml. of enzyme solution in 6°/o sucrose in 
0.1 м-phosphate solution (KH2P 0 4 +  Na2H P 04) of pH 7.2, and 0.3 ml. of 
0.3°/o L-ascorbic acid solution. To the side arm was added 0.5 ml. of
0.06 м-solution of the substrate. When tyrosine or p-cresol were used as 
substrate, traces of diphenols were added. The results are expressed 
as м-l. 0 2/ l  hr./l mg. protein, the estimations being made during the first 
10 min. of oxygen consumption.

Protein determination. In samples with high protein concentration dry 
weight was determined after precipitation with trichloroacetic acid and 
drying at 105°. In samples with low protein concentration the Folin & 
Ciocalteu method of Lowry et al. [8] was applied, the protein tested by 
the gravimetric or Kjeldahl method being used as standard.

Partial purification of the enzyme

Thirty diapauzing pupae, kept for several weeks at 4°, were homo
genized in a Waring Blendor for 5 min. in 600 ml. of 0.25 м-sucrose 
solution added with 0.7°/o L-ascorbic acid. The pH was adjusted to  7.2 
with phosphate buffer. The homogenate was centrifuged in the cold 
at 30 000 g for 10 min., then the supernatant fluid was passed through 
a Seitz filter. To the obtained opalescent fluid, ammonium sulphate
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[3] T Y R O S I N A S E  F R O M  С. E U P H O R B I A E 3

in substantia was added to 0.9 saturation, with slow stirring. Foaming 
was avoided since it has been observed that too energetic stirring of 
the solution might result in a marked decrease of enzyme activity. After 
30 min. the precipitate was centrifuged off in the cold at 25 000 g for 
7 min. and suspended in 0.005 м-phosphate buffer containing 0.03°/o of 
L-ascorbic acid. The suspension was dialysed for 24 hr., with constant 
stirring, against the same buffer added with L-ascorbic acid. Then a slight 
precipitate of the denatured protein was centrifuged off and the green 
opalescent fluid obtained was lyophilized. A ll these steps of enzyme 
preparation were performed at about -2°.

The cream-coloured dry powder obtained after lyophilization was 
kept in tightly covered vessels at -20°. If low temperature was main
tained and even traces of humidity were avoided, no decrease of enzyme 
activity was observed over a two-months period. The activity of the 
crude extract and purified preparations is shown in Table 1.

Chromatographic separation

In preliminary experiments, the effect of concentration and pH of the 
eluent were tested. The pH range 7 - 8  was chosen taking into consi
deration the stability of both the adsorbent and enzyme. Tiselius et al. [12] 
demonstrated that the adsorptive properties of brushite are modified 
in an acidic medium, therefore pH values lower than 7 could not be 
applied. The optimum for tyrosinase activity is known to be at pH about 
7.2, and the enzyme is easily inactivated at other pH values.

Figure 1 shows the elution pattern of the enzyme and protein by
0.005, 0.15 and 0.25 м-phosphate buffers, of pH 7 (Fig. 1A) and pH 8 
(Fig. IB). The column (3 X 25 cm.) was fitted with a sintered-glass disk 
G1 and provided with a cooling jacket. To the column, 150 ml. of a sus
pension containing 15 g. of brushite gel was introduced and allowed 
to settle. The gel formed a column 9 cm. high; this was sufficient for 
absorption of 100 mg. of the lyophilized enzyme preparation. The column 
was equilibrated with 0.005м-phosphate buffer and cooled to 0°, then 
100 mg. of the preparation dissolved iin 5 ml. of 0.005 м-phosphate buffer 
was introduced. The elution lasted for 3 hr.; phosphate buffers of pH 8 
were applied in the following concentrations: 0.005, 0.05, 0.1, 0.15, 0.2 
and 0.25 m, 70 ml. of each buffer being applied, that is the volume equal 
to  the liquid displacement volume of the column. The temperature main
tained during the elution was 0° for buffers of 0.005 - 0.1 m concentra
tion, and 15° for concentrations of 0 .15-0.25 m, to prevent crystalliza
tion of phosphates. Fractions of 10 ml. were collected with a fraction 
collector and kept at 0°. The protein content and activity of successive 
fractions were determined semiquantitatively by the colorimetric method 
using catechol as substrate (Fig. 2).
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4 J . T R O J A N O W S K I a n d  E. D E R N A Ł O W IC Z [4]

With the 0.005 м-phosphate buffer only a part of the non-active 
protein was eluted and the eluate had a bluish colour. The enzyme 
began to appear at 0.05 м concentration of the buffer; the eluate of this 
fraction was yellow. The next four fractions, possessing also the enzymic 
activity, were colourless.

Fig. 1. E lu tio n  o f ty ro s in a se  fro m  b ru s h ite  co lum n  w ith  0.005, 0.H5 an d  0.25 м-p h o s 
p h a te  b u ffe rs . (A), pH  7; (B), pH  8. (O ), A c tiv ity  to w ard s  ca techo l; (□ ), p ro te in

co n ten t (m ethod o f L ow ry  e t al.).
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[5] T Y R O S I N A S E  F R O M  С . E U P H O R B I A E 5

Fig. 2. E lu tio n  o f ty ro s in a se  fro m  b ru s h ite  co lum n w ith  s ix  co n cen tra tio n s o f 
p h o sp h a te  b u ffe r  o f pH  8. (O ), A c tiv ity  to w a rd s  ca techo l; ( • ) ,  a c tiv ity  to w ard s  

p -c re so l; (□ ), p ro te in  c o n ten t (m ethod  of L ow ry  et al.).

T a b l e  1

Activ ity  of tyrosinase after the successive steps of purification
T he hom o g en ate  p re p a re d  fro m  30 p u p ae  w as c en tr ifu g ed  and  passed  th ro u g h  
S e itz  f i lte r , th e n  its  a c tiv ity  w as d e te rm in ed . T he p re p a ra tio n  w as tr e a te d  w ith  
s a tu ra te d  (NH4)2S 0 4, d ia ly sed  and  th e n  lyoph ilized . T he ly o p h iliza te  w as ch ro m a to 
g ra p h e d  as d e sc r ib ed  u n d e r  E x p e rim e n ta l an d  5 frac tio n s  w ere  o b ta in ed ; th e  con

cen tra tio n  o f th e  e lu e n t is g iven  in p a ren th ese s .

Preparation
Total

volume
(ml.)

Total
protein

(g)-

Activity towards

catechol j  p-cresol 

(lil. 0 2/hr./mg. 
protein)

catechol J p-cresol 

(Total activity)

catechol p-cresol 

yield (%)

j Homogenate 600 4.8 115 112 552 537 100 100
Lyophilizate — 2.3 171 168 393 386.5 71.5 72
Fraction /a
(0.05 M) 1610 0.735 60.5 44 44.5 32 8 6

Fraction / /a
(0.1 m) 1610 0.245 94 50 23 12 4 2

Fraction 77/d
(0.15 M) 1610 0.63 326 196 205 123.5 35 23

Fraction (IV  +  F)d
(0.2 and 0.25 m) 3220 0.04 1106 820 44 17 8 3

http://rcin.org.pl



6 J. T R O J A N O W S K I a n d  E . D E R N A Ł O W IC Z [6]

From each of the active fractions I - V, two 10 ml. samples possessing 
the highest activity towards catechol were taken; samples from fractions 
IV and V, possessing very low enzyme activity, were pooled. The samples 
were added with saturated ammonium sulphate to 0.75 saturation and 
then transferred for one week to the cold room, to allow for sedimenta
tion of the precipitated protein. This was necessary because cen
trifugation of the precipitate in the cold was found to cause aggregation 
of protein and inactivation of the enzyme by about 30%. After the 
protein sedimented, the supernatant was carefully decanted and the 
sediment, suspended in the remaining ammonium sulphate solution, was 
dialysed for 24 hr. in the cold against 0.25 м-sucrose in 0.005 м-phosphate 
buffer of pH 7.2. Dialysis against a phosphate solution without sucrose 
resulted in precipitation of the enzyme protein. The slightly turbid 
dialysis residue was centrifuged and the obtained clear solution of con
centrated protein was used for further studies.

After salting out and dialysis, the fractions obtained were called i’d, 
IId, 17% and (IV +  V)d, respectively. Their yield and activity are shown 
in Table 1. The most stable form in which the partly purified enzyme 
could be kept was the suspension in ammonium sulphate; this could 
be stored at -10° for six weeks without loss of activity. The solutions 
of the enzyme in 0.25 м-sucrose kept at 4° became inactivated after 
a few days, and on freezing and thawing lo;st about 50% of activity.

Characterization of the dialysed active fractions

Determination of the optimum  pH. The activity towards catechol 
and p-cresol was determined by the colorimetric method in the pH range 
of 6 - 9 .  Solutions of separated fractions in sucrose were added with 
a double volume of 0.1 м-phosphate buffer of appropriate pH. Two 
control systems were applied: (1), buffer and enzym e without substrate, 
to estimate the changes in absorption of the enzyme solution at alkaline 
pH, and (2), buffer, 0.25 м-sucrose solution in 0.005 м-phosphate buffer, 
and substrate. The effect of pH on the activity of the enzyme is shown 
in Fig. 3. The optimum for activity towards p-cresol in  all the fractions 
was found to be at pH 8. For the activity towards catechol no pH 
optimum was observed at the pH values tested.

Substrate specificity. The consumption of oxygen by the enzymic 
fractions Id - Vd during incubation with catechol, dioxyphenylalanine, 
p-cresol, and tyrosine was estimated (Table 2). The rate of oxygen  
consumption by the lyophilizate and fraction (IV +  V)d are shown in  
Fig. 4; other fractions gave similar results.

Rechromatography. Fractions Id, 77d, and I7Id in sucrose solution, 
each containing about 50 mg. protein in 10 ml., were rechromatographed 
on brushite column under the same conditions as described above. The 
enzymic activity determined colorimetrically in the eluates, is shown in
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Fig. 3. pH  o p tim a  fo r th e  c a ta ly tic  a c tiv ity  of frac tio n s  o b ta in ed  b y  ch ro m a to g rap h y
(see F ig . 2 fo r e lu tio n  p a tte rn ) . (--------- ), A c tiv ity  to w ard s  ca techo l; (----------- ),
a c tiv ity  to w ard s  p -c re so l. F ra c tio n s : (A), Id ; (д ), lid', ( • ) ,  Hid', (0)> fraction (IV  +  Ѵ)д.

Fig. 4. O xygen  co nsum ption  d u r in g  in cu b a tio n  o f  (A), 4 m g. o f ly o p h iliza te ; 
(B), 0.6 m g. o f th e  fra c tio n  (IV +  V)d w ith : (O ), ca techo l; (Д ), D O PA ; ( • ) ,  p -c re so l;

(■), tyrosine.
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8 J. T R O J A N O W S K I  a n d  E . D E R N A Ł O W IC Z [8]

T a b l e  2 

Substrate specificity of the lyophilizate and enzymic fractions obtained 
after chromatography on brushite gel

C onditions a s  d esc rib ed  u n d e r  E x p e rim e n ta l; fo r  p -c re so l and  ty ro sin e , tra ce  
am o u n ts  o f d ip heno l w e re  a d d e d  to  th e  in cu b a tio n  m ix tu re . T he v a lu es  o f oxygen  
consum ption  o b ta in e d  on  ГО-m in . in cu b a tio n  w e re  ca lc u la ted  as p i. CWl hr./m g.

p ro te in .

Preparation Catechol DOPA p-Cresol Tyrosine

Lyophilizate 171 153 168 18
Fraction /д 60.5 109.5 44 0
Fraction 7/d 94 65 50 0
Fraction 77/d 326 209 196 44.5
Fraction (IV  +  F)d 1106 744 820 72

Fig. 5. Re ch ro m ato g rap h y  o n  b ru s h ite  gel of th e  ch ro m a to g ra p h ic  fra c tio n s : (A), 
I d ; (B), 77d ; (С), I I Id. A c tiv ity  to w ard s : (O ), ca tech o l; (# ) ,  p -c reso l.
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Fig. 5. From each fraction, on rechromatography three active peaks 
were obtained; the first of them corresponded to such a concentration 
of the buffer at which this fraction had been eluted on the first 
chromatography. The following two peaks appeared when the higher 
buffer concentrations were applied. On rechromatography of the eluate 
obtained with the 0.1 м buffer (i.e. sum of fractions Id and II d) and with 
the 0.15 m buffer (i.e. sum of fractions Id, IId and IIId) the elution 
curves were identical with those for fractions IId and IIId rechromato
graphed separately. RechromatO'graphy of the fraction (IV +  V)d could 
not be performed because its quantity was too small.

DISCUSSION

The preparation of soluble o-di phenol oxidase obtained by Karlson 
& Liebau [3] from Calliphora erythrocephala  larvae was active only 
towards diphenols and was inactive towards monophenols. In the present 
work, from C. euphorbiae pupae a preparation was obtained of water- 
-soluble tyrosinase which is active towards catechol and tyrosine as 
well as towards p-cresol. Crude enzym e preparation (yield 70°/o) was 
further purified by chromatography on calcium phosphate gel, and the 
obtained results seem to suggest the presence of multiple form of 
tyrosinase. This is in agreement with the results reported by other 
workers. Rouchilloux, McMahill & Mason [1], by chromatography on 
hydroxylapatite, separated mushroom tyrosinase into 4 fractions and 
found differences in  the ratio of activity towards p-cresol and catechol 
between the individual fractions. Smith & Krueger [11] separated 
chromatographically plant tyrosinase into 5 fractions with different 
ratios of activity towards p-cresol and towards catechol. On rechromato
graphy, they observed that some overlapping of the fractions occurred 
during the first chromatography. It is not to be excluded, however, 
that this effect, observed also in our experiments, is due to multiside 
absorption. Nevertheless, Smith & Krueger [11] interpret their results 
as indicating that the plant tyrosinase preparation is “multicomponent 
in nature”. The presented results seem to suggest that the same may 
be true for the tyrosinase Isolated from Celerio euphorbiae pupae.

SUMMARY

From pupae of Celerio euphorbiae, a soluble and relatively stable 
(1.5 month at -10°) preparation of tyrosinase was obtained. The procedure 
consisted of homogenization in 0.25 м-sucrose solution containing 
L-ascorbic acid, salting out with ammonium phosphate, lyophilization 
and column chromatography on brushite gel with stepwise elution by
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10 J . T R O J A N O W S K I a n d  E. D E R N A Ł O W IC Z [Ю]

phosphate buffers of 0.005 - 0.25 M-concentration. In the eluates 5 fractions 
active both towards catechol and p-cresol, were found. Rechromato
graphy resulted in further separation of the obtained fractions.
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IZO LO W A N IE R O Z PU SZ C Z A L N E J TY RO ZY N A ZY  Z PO C Z W A R E K  
C E L E R IO  E U P H O R B IA E

S t r e s z c z e n i e

Z  poczw arek  m oty la  C elerio  euphorb iae  o trz y m a n o  rozpuszcza lny  i w zg lęd n ie  
t rw a ły  (przez 1,5 m iesiąca  w  tem p. -10°) p re p a ra t  ty ro zy n azy . S tad ia  p re p a ra c ji  
o b e jm o w ały : h om ogen izację  w  0,25 м roztw orze  sacharozy  z d o d a tk iem  k w a su  
L -askorb inow ego , w y sa lan ie  s ia rczanem  am onu, lio filizac ję  o ra z  ch ro m a to g ra fię  
k o lu m n o w ą  na żelu b ru szy to w y m  p rzy  skokow ej zm ian ie  stężen ia  e lu e n ta  w  za 
k re s ie  od  0,005 m do  0,25 м b u fo ru  fosforanow ego. W e lu a ta c h  znaleziono 5 f r a k c ji  
ty ro zy n azy , w y k azu jący ch  zarów no ak ty w n o ść  ka tech o lazo w ą  ja k  i p -k rezo lazo w ą . 
W w y n ik u  re c h ro m a to g ra fii o trzy m an o  d a lszy  rozdział poszczególnych  f ra k c ji  ty r o 
zynazy .

R eceived  18 J u n e  1964.
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MIROSŁAWA PIECHOWSKA and D. SHUGAR

FURTHER OBSERVATIONS ON THE FRACTIONATION OF DNA 
BY CHLOROFORM TREATMENT

In s ti tu te  o f B io c h e m is try  and  B iophysics, P olish  A c a d e m y  o f Sc iences, W arszaw a

It has previously been shown that an aqueous mixture of native 
and heat-denatured DNA may be fractionated by treatment with chloro
form, as a result of which an appreciable fraction of denatured DNA  
is transferred to the water-сhlofoforrn intenphase [18]. The procedure 
is relatively specific with respect to DNA heat-denatured under con
ditions such that depurination and chain scission are avoided. These 
results were obtained mainly with transforming DNA (T-DNA) isolated 
from group H Streptococcus Challis, and chloroform treatment of a fully  
heat-denatured preparation of this DNA left a residual activity in the 
aqueous phase the specific activity of which was increased 7 - 1 0  fold.

In the present paper we have extended the above fractionation 
procedure to a closer examination of the nature of the residual activity 
of heat-denatured T-DNA and have investigated the influence of various 
factors on the efficiency of fractionation, e.g. modifications of the 
aqueous phase, effect of variations of molecular weight of the DNA  
submitted to fractionation, the degree of fractionation achievable with  
DNA samples of varying base composition, conditions of denaturatioin, 
etc.

It was previously unequivocally established [16, 19, 5, 8, 9, 7, 22] that 
T-DNA, heat-denatured under conditions where depurination and chain 
scission are avoided, exhibits a small residual activity. In common with 
other observers, three possibilities may be envisaged to interpret this 
phenomenon; viz. the residual activity is a property of (a) some of the 
twin strands which have not fully unfolded, (b) a small fraction of the 
molecules which have undergone renaturation even during rapid cooling, 
(c) single-stranded DNA.

For the Bacillus subtilis transforming system it was shown by Rownd 
et al. [21] by means of density gradient centrifugation that single- 
-stranded T-DNA is inactive and that the residual activity is a property 
of partially unfolded- tw in strands. On the other hand, the residual
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12 M . P IE C H O W S K A  a n d  D . S H U G A R [2]

activity of Haemophilus influenzae T-DNA appears to be due to single 
strands [22], most likely those which possess a non-crdered secondary 
structure resembling in some respects that of twin-stranded DNA [1]. 
A somewhat similar situation prevails for Diplococcus pneumoniae 
T-DNA [7], for which the decrease in activity resulting from heat- 
-denaturation parallels the decrease in DNA uptake by the bacterial 
cells [11].

In the absence of facilities for density gradient centrifugation, we 
have examined the residual activity of the streptococcal transforming 
system by other methods, with conclusions similar to those for the 
H. influenzae and D. pneumoniae systems.

MATERIALS AND METHODS

Bacterial DNA samples were isolated by the procedure of Marmur [14] 
and checked by means of their melting profiles and their UV absorption 
at short wavelengths. Base compositions were estimated from the Tm 
of the melting profiles [15]. The degree of protein contamination was 
estimated by means of the Lowry et al. [13] reaction and was found 
to vary between 2 and 4%. RNA contamination was estimated on the 
basis of the difference between the extinction at 260 т ц  and the 
determination of the DNA content by means of the diphenylamine 
reaction.

Transformation of Streptococcus Challis was carried out as described 
elsewhere [17].

Heat denaturation was carried out on solutions containing 20 ug./ml. 
DNA. For samples containing up to 46% guanine-cytosine (G-C) base 
pairs the salt concentration was 0.15 м-NaCl - 0.015 м-sodium citrate (SSC). 
For base compositions above 46% G^C, the salt concentration employed 
was one-tenth of the foregoing (DSC). Samples of 0.5 ml. were heated 
in sealed tubes at 100° for 3 min. and then cooled rapidly in an ice 
bath. The importance of a 3-min. heating period, as compared to the 
10 min. previously employed by us, and others, will be pointed out 
below.

Chloroform fractionation was as previously described [18].
DNA preparations of decreased molecular weight were obtained by 

sonicatioin of solutions of DNA, 20 ug./ml. in SSC, using an MSE ultra
sonic disintegrator the output of which was 60 watts at 18-20K c/sec.

RESULTS

Fractionation of DNA of varying base compositions. Five bacterial 
strains were employed for isolation of DNA with base compositions 
varying from 27 to 75% G-C, i.e. the entire range of base compositions
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encountered in bacterial DNA. The results of chloroform treatment of 
SSC solutions of native and heat-denatured preparations, are presented 
in Table 1. It w ill be seen that the behaviour of the native preparations 
is similar, little or no DNA being removed to the interphase. Following 
heat denaturation a rough correlation does in  fact exist between the 
G-C content and the amount of DNA left in the aqueous phase following 
chloroform treatment, i.e. the higher the G-C content, the smaller the 
amount of denatured DNA transferred to the interphase.

T a b l e  1

Fractionation of DNA of varying base compositions

DNA  source G-C
(%)

DNA in aqueous phase 
following chloroform 

treatment (%)

Native DNA Heat-dena
tured DNA

Clostridium perfringens
type B, Moscow 216 27 93.5 13.4

Streptococcus haemolyticus
Challis group H 41 90 3

Bacillus subtilis 46 95.5 14.5
Azotobacter vinelandii 70 96 65
Micrococcus lysodeicticus 75 100 74

However, as noted previously [18], the salt concentration influences 
to a considerable extent the degree of fractionation. Several experiments 
were therefore conducted with a view to finding conditions which would 
permit of the fractionation of denatured DNA with high G-C content.

Influence of salt concentration. The amount of native or denatured 
DNA removed from the aqueous phase by chloroform treatment, as 
a function of the salt concentration in the aqueous phase, is shown in 
Fig. 1. From the various curves in this figure it will be observed that 
the greater the salt concentration in the aqueous phase, the larger the 
amount of DNA removed to the interphase, the slopes of the curves 
being less marked for the native* as compared to the denatured, 
preparations. By profiting from this effect of salt concentration it is 
possible in the case of M. lysodeicticus DNA, which is only partially 
fractionated in SSC solution, to achieve a reasonably good partition of 
native from denatured DNA with a salt concentration of 17.5°/o. Under 
these conditions about 13% of the DNA is removed from a native 
preparation and 85% from a denatured sample.

A comparison of the curves for the salting out of native DNA 
preparations with varying G-C contents shows that, the lower the
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percentage of G-C, the greater the slope of the curve, and the more 
pronounced is the dependence of the fractionation on the salt content. 
For example in the case of Cl. perfringens DNA, with a G-C content 
of 27%, a salt concentration of 9.5% suffices to transfer almost all the 
DNA to the interphase as a result of chloroform treatment; whereas 
in the case of Streptococcus Challis DNA with 41% G-C the same result

Fig . 1. In f lu en ce  of sa lt concen tra tio n  oin th e  a m o jm t of D N A  rem a in in g  in  th e  
aqueous phase  fo llow ing  tr e a tm e n t w ith  ch lo ro fo rm  as d esc r ib ed  in  te x t: ( # ) ,  n a tiv e  
DNA M. lysodeic ticus;  (O ), d e n a tu re d  DNA M. ly sode ic ticu s;  (□ ), n a tiv e  DNA  
B. su b til is ; (Д ), n a tiv e  D N A  S trep to co ccu s Challis-, (+ ) , n a tiv e  DNA C lo str id iu m

p erfr in g en s .

requires a salt concentration of 12.5%; while for B. subtilis DNA with 
46% G-C about 18% Na-Cl is required to remove the entire DNA to 
the interphase. For M. lysodeicticus DNA with 75% G-C, even 
a saturated salt solution is insufficient.

The possibility of readily salting out to the interphase native DNA 
with low G-C contents suggested that the deproteinization procedures 
normally applied to cellular lysates during the isolation of DNA may
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conceivably result in some fractionation of the crude DNA preparations, 
involving the removal of components with a low G-C content. With 
a view to testing this, a chloroform - isoamyl alcohol mixture (24 :1, v/v), 
such as is normally applied for deproteinization according to Sevag 
et al. [25], was tried. With B. subtilis DNA in an 18% salt solution, 
under which conditions chloroform treatment salts out to the interphase 
all the DNA, the chloroform -  isoamyl alcohol mixture removed 30% 
of the DNA. The influence of salt concentration on the removal of DNA  
from the aqueous phase is readily interpretable in terms of the pro
perties of the denatured DNA isolated from the water-chloroform  
interphase: it dissolves with difficulty even in dilute salt solution (DSC), 
but is readily dissolved in SSC on heating to about 80° or in formamide 
at room temperature. Both heating and formamide treatment rupture 
hydrogen bonds, and the observed behaviour of DNA isolated from the 
interphase clearly demonstrates that it must have undergone aggregation 
during transfer to the interphase; in addition, it is clear that the 
stability of DNA aggregates increases with an increase in salt con
centration of the solution.

Fractionation of DNA during deproteinization may also be reduced 
by the mutual interaction of the DNA molecules. This follows from  
the results of experiments in which chloroform treatment was applied 
to a mixture of M. lysodeicticus and Cl. perfringens DNA in 0.15M-NaCl,
i.e. under conditions favourable for the removal to the interphase of 
Clostridium  DNA. It was found that the quantity of Clostridium  DNA 
was reduced from 50 to only 32%, this result being based on a com
parison of the temperature profiles and Tm values of the mixture prior 
to, and following, chloroform treatment.

Influence of chain scission, or reduction in molecular weight was 
examined in the case of Streptococcus Challis DNA. The decrease in 
molecular weight of a given preparation as a result of chain scission 
was estimated roughly from a curve published by Litt et al. [12] for 
D. pneumoniae DNA, and relating molecular weight (from sedimentation 
measurements) to transforming activity. The transforming activity of 
our preparation was measured using a dihydroistreptomycin resistance 
marker.

Litt et al. [12] established the minimum molecular weight for biologi
cally active T-DNA as 106 (no activity was observed below this 
molecular weight). Since complete inactivation of streptococcal T-DNA  
occurred after an 8-fold decrease in molecular weight, it follows that 
the molecular weight of our native preparation was about 8 million,
i.e. about that normally encountered with bacterial DNA preparations 
obtained by the method of Marmur [14].

Control and sonicated DNA samples were heat-denatured and then 
treated with chloroform. Fig. 2 illustrates the amount of DNA removed
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from the aqueous phase as a function of the decrease in molecular 
weight. It will be seen that the amount of DNA removed by chloroform 
treatment decreases with a decrease in molecular weight. A 50% 
decrease iin molecular weight reduces the amount of DNA removed by 
chloroform treatment from 97 to about 35%. An 8-fold decrease in 
molecular weight reduces to zero the amount of DNA removed from 
an SSC solution.

The foregoing results largely explain another of our observations, 
viz. the dependence of the amount of DNA removed by chloroform  
treatment on the time of heat denaturation. If the tim e of heating 
streptococcal DNA at 100° is reduced from 10 min. (that normally 
applied by most observers) to 3 min. (applied in this investigation), 
the amount of DNA remaining in  the aqueous phase as a result of 
chloroform treatment is reduced from 20 to 3%. As will be seen from 
Fig. 2, 20% of a denatured streptococcal DNA remains in the aqueous

Fig. 2. In f lu en ce  o f  ch a in  scission  on  
rem o v al fro m  th e  aq u eo u s  p h ase  by- 
ch lo ro fo rm  tr e a tm e n t of h e a t-d e n a tu 

red  s trep to co cca l DNA.

phase following chloroform treatment of a preparation with a 30% 
lower molecular weight. Heating of DNA at 100° in SSC is known to 
provoke both depurination and chain scission [6, 3] and a heating period 
of 10 min. as compared to 3 min. would consequently be expected to 
result in a measurable decrease in molecular weight, which would 
explain the increased amount of DNA in the aqueous phase following 
denaturation and chloroform treatment. It also accounts for the fact that 
the residual transforming activity is only 1% as compared to 2% after 
3 min. heating [18].

Residual activity of T-DNA. Chloroform fractionation of T-DNA  
denatured for 3 min. at 100° leaves in the aqueous phase 3 - 1 0 % of 
the original DNA with a 7 to 10-fold increase in specific (residual) 
activity. The temperature profile of this residual DNA, while typical
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of that for heat ̂ denatured DNA, exhibits only 12% hyperchromicity 
as compared to 20% for the non-fractionated denatured DNA [18]. The 
low hyperchromicity of this residual fraction, taken in conjunction with 
its increased specific activity, effectively excludes renaturation as the  
source of this activity.

An additional characteristic property of this residual fraction with  
increased specific activity is its failure to exhibit either renaturation 
or reactivation. Trials were carried out under optimal conditions for 
renaturation [16], i.e. at a DNA concentration of 20^g./ml. in 0. 3- 1 . 5m 
salt. There was, however, only a few percent increase in hyperchromicity 
with concurrent reactivation of the dihydrostreptomycin resistance 
marker which was either negligible or completely absent. By contrast 
the addition of w ild-type DNA to this fraction resulted in a 3-fold 
increase in activity on “reactivation”. The failure of this residual 
fraction with increased specific activity to exhibit reactivation implies 
that its activity is not due to partially separated twin strands since such 
strands would be expected to renature and exhibit reactivation at least 
as efficiently, if not more so, than the unfractionated denatured DNA. 
This finding is in accord with the suggestion advanced on the basis 
of the behaviour of the residual activity following inactivation at 100° 
in 7.2 M - N a C 1 0 4 [18], i.e. under conditions where strand separation 
should be complete even for molecules composed exclusively of guamine- 
-cytosine base pairs.

Consequently, of the three possible interpretations of the source of 
the residual activity, there remains only that according to which this 
activity is a property of single strands of denatured DNA. The increase 
in residual specific activity by chloroform fractionation, as well as ,the 
ability of this fraction to undergo reactivation only on addition of wild- 
-type DNA, likewise suggested that the increase in specific activity 
following fractionation is due to some type of selection at the molecular 
level either according to the nature of the secondary structure of 
individual molecules, or the average base composition or sequence, or 
a combination of both these factors.

The foregoing suggestion was tested qualitatively by examining the 
absorption spectrum of the residual fraction as a function of pH and 
comparing with that for the unfractionated denatured DNA. At acid pH, 
where ionized cytosine residues are placed in evidence, no significant 
differences could be observed. However at alkaline pH, where thymine 
residues exhibit marked differences in absorption, the spectral modifica
tions could be interpreted to indicate a lower thymine content for the 
residual fraction.

An additional criterion for a difference in base composition between  
the residual and unfractionated denatured DNA was based on the 
reaction of both fractions with formaldehyde, using 1% formaldehyde

[7J
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at pH 7 -  8 at room temperature as described by Stollar & Grossman [26]. 
The increase in absorption of the residual fraction on reaction with 
formaldehyde was 12.5% and of the unfractionated DNA 18.5%. When 
both samples were heated in the presence of formaldehyde to 85° and 
then cooled, each showed about 20% hyperchromicity (this equality is, 
of course, purely fortuitous). In the interpretation of this result, it is 
necessary to bear in  mind that the hyperchromicity recorded after 
heating to 85° in the presence of formaldehyde represents the sum of 
two effects: (a) that due to complete separation of twin strands, and 
(b) that resulting from reaction of amino groups with formaldehyde. 
Since we iknow from the temperature profiles that the residual fraction 
possesses only half the hyperchromicity of the unfractionated, denatured 
DNA, the equal hyperchromicity of both samples following reaction 
with formaldehyde must be due to the presence of a larger number 
of amino groups in the residual fraction.

The foregoing, admittedly crude, tests therefore suggest that the 
residual fraction with increased specific activity differs from the 
unfractionated sample in that it has a lower thymine content and 
a higher content of adenine or/and guanine. The increased specific 
activity of the residual fraction is consequently due to selective 
fractionation of molecules according to base content and sequence, thus 
accounting for the difficulty in reactivating this sample and the 
reactivation observed following addition of wild-type DNA, i.e. following 
addition of the missing complementary strands.

DISCUSSION

From the results for the salting-out of DNA to the water-chloroform  
interphase, it is clear that both for native and heat-denatured DNA 
these are dependent on several factors. The amount of DNA transferred 
to the chloroform-water interphase increases with an increase (a) in 
salt concentration, (b) in the adenine-thymine (A-T) content of the DNA  
sample, and (c) in molecular weight of the DNA. Apart from the decisive 
influence of secondary structure, the foregoing factors are of some 
significance in relation to the behaviour of aqueous DNA solutions to 
chloroform treatment. It must once more be emphasized that the in
fluence of salt concentration on the transfer of DNA to the interphase 
is much more specific for denatured, as compared to native, DNA; 
as a result of this it is possible to select the appropriate conditions for 
fractionation of native or heat-denatured DNA even for samples with  
a high G-C content.

The observations of Cavalieri et al. [2] on the behaviour of chloro
form-treated solutions of DNA are in agreement with our findings. 
They noted that, during deproteinization of DNA solutions according
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to th e  S evag  m eth od  w ith  a m ix tu re  o f  chloroform  and octanol, h igh  
ion ic stren gth  favou red  th e  tran sfer to th e  in terp h ase o f  th ose m o lecu les  
w ith  h igher m olecu lar  w eigh t.

The results presented here are also of interest in relation to reported 
observations of DNA satellite bands in a density gradient [4, 10, 27, 24, 
20]. Of the two observed satellite bands, one possesses a higher, and 
the second a lower, density than the main band. It is assumed that the 
higher density band represents a DNA fraction with a less ordered 
structure (presumably the replicating form of DNA), and the lower 
density band a DNA-protein complex [20]. Satellite bands are absent 
in DNA isolated according to the method of Marmur [14, 20], based on 
deproteinizatiom by means of chloroform and isoamyl alcohol. An 
additional pertinent finding is the demonstration by Saito & Miura [23] 
that deproteinization by the phenol method gives DNA preparations 
with considerably higher molecular weight than those obtained by use 
of the Sevag method. These observations, and our own results, indicate 
that the Sevag method leads to the selective removal from a DNA 
preparation of both DNA complexed with protein and those DNA 
molecules with less ordered structure.

The findings on the residual activity of streptococcal transforming 
DNA point to this activity being a property of single strands of 
denatured DNA. Since chloroform fractionation leads to the selection of 
a residual fraction with higher specific activity, it is likely that this 
activity is a property of those molecules the structure of which differs 
from the others so that they react more readily with the acceptor 
cells.

Summing up, it may be concluded from the results presented in this, 
and a preceding paper [18], that chloroform fractionation of DNA is 
applicable to both native and denatured DNA isolated from various 
sources, due account being taken of the approximate mean base com
position of the sample under test. The possibility of obtaining a 10-fold 
increase in specific activity of residual activity is a particularly useful 
property of this procedure, in view  of its simplicity. It must be admitted, 
however, that there is a need for a more precise evaluation of its scope 
and sphere of application by more refined techniques such as density 
gradient centrifugation.

SUMMARY

Native DNA, or a mixture of native and heatodenatured DNA, may 
be fractionated by shaking an aqueous, saline solution with chloroform, 
as a result of which a portion of the DNA is transferred to the water- 
-chloroform interphase. A study has been made of the influence of

http://rcin.org.pl



20 M . P IE C H O W S K A  a n d  D . S H U G A R

variou s factors oin the d eg ree  o f fractionation , tak in g  in to  account the  
sa lt con cen tration  in  th e  aq u eou s phase, and th e  m olecu lar  w eig h t and  
b ase-p a ir  com position  o f th e  D N A . T he p roced u re has been  ex ten d ed  
to  estab lish  conditions for fractionation  o f bacteria l D N A  preparations 
cover in g  th e  entire k n ow n  ran ge o f base-pair com positions.

C hloroform  fractionation  w a s  u tilized  for th e  ch aracterization  o f th e  
n ature o f  the streptococcal transform ing D N A  fraction  w h ich  con ta in s  
the resid u a l a c tiv ity  resu ltin g  from  h eat denaturation . It has been  
estab lish ed  th a t th is a c tiv ity  is a property  o f  s in g le -stra n d ed  D N A  as  
in th e case o f  Diplococcus pneumoniae and Haemophilus influenzae D N A .

In d irect ev id en ce is p resented  su g g estin g  that th e  ob served  increase  
in sp ec ific  activ ity  o f th e  residual activ ity  resu ltin g  from  heat denatura
tion  is  due to  the fractionation  o f m o lecu les  w ith  a base-p air  con ten t  
d iffer in g  from  that o f th e  en tire, unfractionated , sam p le.
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D ALSZE B A D A N IA  N A D  FR A K C JO N O W A N IE M  D N A  
ZA  PO M OCĄ  C H LO RO FO R M U

S t r e s z c z e n i e

R odzim y D NA  lu b  m ieszan in ę  rodzim ego  i c iep ln ie  zd en a t u row  an  e go DNA 
frak c jo n o w an o  p rzez  w y trz ą sa n ie  ich w o d n y ch  roztw orów  z ch lo ro fo rm em . W  w y 
n ik u  tak ieg o  p o stęp o w an ia  część DNA przechodzi do  in te rfa z y  w o d n o -ch lo ro fo r- 
m ow ej. P rzeb ad an o  w p ły w  różnych  czynn ików  na  frak c jo n o w an ie , p rzy  czym  w zię to  
pod u w ag ę  s tężen ie  soli w  faz ie  w odne j, c iężar cząsteczkow y o raz  sk ład  zasad DNA.

Z astosow ano  frak c jo n o w an ie  ch lo ro fo rm em  p re p a ra tó w  DNA o sk ładzie  zasad  
odpow iada jącym  zakresow i s tw ie rd zo n em u  u b ak te r ii .

W ykorzystano  frak c jo n o w a n ie  ch lo ro fo rm em  d la  sc h a ra k te ry z o w a n ia  f ra k c ji 
DNA p o siad a jące j re sz tk o w ą  ak ty w n o ść  tra n s fo rm u ją c ą  po d e n a tu ra c ji  c iep lnej. 
U stalono, że ak ty w n o ść  ta  w  u k ład z ie  tra n s fo rm u ją c y m  pacio rkow ców  należy  do  
DNA o p o jedynczym  łań cu ch u , podobnie ja k  w  u k ład ac h  tra n sfo rm u ją c y c h  D. p n e u 
m oniae  i H. in flu en za e . Są w sk azó w k i p rzem aw ia jące  za tym , że o b serw o w an e  
zw iększenie specyficznej ak ty w n o śc i re sz tk o w ej je s t po łączone z w yd z ie lan iem  ła ń 
cuchów  DNA różn iących  się od  resz ty  p re p a ra tu  pod w zg lędem  sk ład u  zasad.

R eceived  6 Juily 1964.
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PAULINA W ŁODAW ER and JOLANTA BARAŃSKA

LIPOLYTIC ACTIVITY OF THE FAT BODY OF THE WAXMOTH
LARVAE

I. FATTY ACID COMPOSITION OF THE FAT BODY AND OF THE 
HAEMOLYMPH LIPIDS AND RELEASE OF FREE FATTY ACIDS FROM  

THE FAT BODY DURING INCUBATION

D ep a r tm en t o f  B io ch em is try , N e n c k i In s ti tu te  o f E xp er im en ta l B iology, W arszaw a

While much work has been done on the metabolism pf the adipose 
tissue of the vertebrates, very little is known about the metabolic aspects 
of the insect fat body, which combines some of the functions of adipose 
tissue and of the liver of vertebrates [14]. Evidence has been presented 
in recent years supporting the view  that the insect fat body may be 
very actively involved in lipid metabolism. The presence of an enzyme 
system  which catalyses incorporation of acetate into long-chain fatty 
acids has been shown by Zebe & McShan [25] in Prodenia eridania and 
by Tietz [20] in a cell-free preparation of the locust fat body. George & 
Eapen [6] found lipase activity in the fat body of the desert locust and 
stated that the concentration of enzyme was more than double the 
amount of the same enzyme in the pigeon adipose tissue. Uptake of 
glycerides by the fat body in vitro and release of glycerides into the 
haemolymph was shown by Tietz [21] to occur in the locust, and digly
ceride release from the fat body of the Hyalophora cecropia silkmoth 
was observed by Chino [3].

As the waxmoth larvae feed ort beecomb and consume large amounts 
of wax [16] the questions concerning the digestion of this lipid material 
and the transport of the products absorbed are of major importance in 
the physiology of this insect. However, very little is known about the 
mechanism of the transport of lipids in the waxmoth and about the role 
of the fat body in this process.

The purpose of the present study was to investigate the lipolytic 
activity of the waxmoth fat body in vitro and to examine the free 
fatty acids (FFA) produced in the tissue and released into the medium  
during incubation of the fat body. The composition of the fatty acids 
in the lipids of the fat body was also investigated and compared with
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the fatty acid pattern of the haemolymph lipids. The correlation between 
the lipolytic activity of the fat body in vitro and the concentration of free 
fatty acids in the haemolymph was also studied.

MATERIAL AND METHODS

Fully grown waxmoth larvae (Galleria mellonella L.) weighing about 
150 -  180 mg. each w ere used in the experiments. The larvae were bred 
on beecomb and kept at 30°. The insects to be starved were ligated 
just behind the head in order to prevent metamorphosis [17]. Groups 
of 80 - 100 larvae were used in each experiment.

Haemolymph was aspirated in capillary pipettes after cutting off one 
of the prolegs of the larva and was collected in weighed small vessels 
chilled in ice.

The fat body was carefully removed free from most of the accom
panying tracheoles. It was rinsed in Krebs-Ringer phosphate buffer, 
blotted on filter paper, and preserved at 0° up to the tim e of incubation.

Portions of the fat body were transferred into small vessels containing 
the incubating medium (2 ml. per 200 mg. of the tissue) and agitated 
gently in air at 37°. The period of incubation was 3 hr. except where 
otherwise noted. The incubation was carried out in a medium prepared 
by dissolving 5% by weight of bovine serum albumin (Sigma, USA, 
fraction V) in Krebs-Ringer phosphate buffer and adjusting the pH 
to 7.4. Other additions were as indicated in the legends. At the end of the 
incubation period the fat body tissue was separated from the medium 
by filtration and the amounts of FFA were determined in both the 
tissue and the medium. In the controls the amounts of FFA present 
in the tissue and in the medium were measured at zero time. The results 
of FFA analyses were calculated in terms of umoles of fatty acids pro
duced per gram wet weight of tissue in 3 hours.

Lipids present in the medium were extracted with 25 vol. of etha
nol - diethyl ether (3:1, v/v). The mixture was brought to boil, cooled 
and filtered into a separatory funnel. After addition of water, the ether 
layer was separated and evaporated under reduced pressure. The re
sidue was re-extracted with petroleum ether. The amount of FFA was 
determined by titration with 0.1 N-NaOH in a two-phase system using 
Nile blue as indicator, according to Dole & Meinertz [5].

Lipids from the fat body and from the haemolymph were extracted 
in the same way, except that the free fatty acids w ere separated from 
the total lipid extract before titration. This was attained by washing 
the petroleum ether extract with 0.1 N-NaOH in 50% ethanol, according 
to Borgstrom [1], and extracting the FFA with petroleum ether from 
the aqueous ethanol after acidification.
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Phospholipids were separated from the neutral lipids by column 
chromatography on silicic acid (Mallimcrodt, 100 mesh). "The adsorbent 
was activated by heating at 110° for 18 hr. and washed successively 
with methanol, acetone, diethyl ether and petroleum ether before use. 
Neutral lipids, after separation of the FFA, were eluted from the column 
with chloroform, and phospholipids with methanol. The nonester if led 
fatty acids were converted to their methyl esters by heating with water- 
-free methanolic 0.2 n -HCI for 12 hr. The fractions containing total 
lipids, neutral lipids or phospholipids, respectively, yielded fatty acid 
methyl esters directly by methanolysis with water-free methanolic 
6N-HC1 for 18 hr. at 72°. The composition of fatty acids in individual 
lipid fractions was determined by gas-liquid chromatography of the cor
responding methyl esters, using a Pye Argon Chromatograph (Cambridge, 
Great Britain). Columns were packed with Celite 545 BDH (100-120  
mesh) impregnated with polymerized ethylene glycol succinate, in the 
proportions 10:1 by weight of solid support to liquid phase. The Celite 
was pretreated with concentrated HC1 in order to remove iron, washed 
free of acid, oven dried, and treated with alcoholic alkali. The operating 
temperature was 168° and the argon flow was 50 ml. per minute. Samples 
were dissolved in petroleum ether for injection.

Calculation of the proportions in each mixture was made directly 
from the relative peak areas on the chromatograms determined by the 
“triangulation” procedure. The fatty acids were identified on the basis 
of the retention times of standards run on the same column under the 
same conditions prior to' analysis of a sample.

RESULTS

The splitting of fatty  acids from the lipids and their release 
from the fat body in vitn>

Approximately 10.5 umoles of FFA were found to be present in 1 g. 
fat body prior to incubation. When incubated in a buffered medium, the 
tissue produced and released FFA and the final amount of FFA in the 
tissue and in the medium, taken together, highly exceeded the amount 
initially present in the fat body. Figure 1 shows the results obtained 
and the effect of albumin on the release of FFA from the tissue. The 
production of FFA in the presence of albumin in the medium was much 
higher than in its absence. It should be noted that no accumulation of 
FFA within the tissue was observed, and in the presence as w ell as in 
the absence of albumin the FFA concentration in the fat body markedly 
decreased during incubation, while the concentration of FFA in the 
medium increased.

The incubation was usually performed at pH 7.4, as this pH was 
mostly applied by other authors for rat adipose tissue [8, 18]. Changing
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the pH in the medium resulted in a pronounced change in FFA pro
duction; at a lower pH value (6.5) the amount of FFA released w as appro
ximately one-half of that released at pH 7.4, while the amount of FFA 
liberated at pH 8.5 was about 40°/o higher. Lowering the temperature 
of incubation below 37° brought about a marked decrease in the amount 
of FFA found in the medium after incubation.

The course of the release of FFA from the fat body is shown in 
Fig. 2. The FFA concentration rose sharply during the first 60 min. of 
incubation and continued to rise slightly during the following 2 hours. 
From the total amount of about 20 Mmoles FFA released per 1 g. fat 
body in 3 hr. more than 12 Mmoles were found in the first 30 min. of 
incubation (60%) and 4 Mmoles in the following 30 min. Later on, the 
rate of FFA production was markedly slowed down.

Fig. :1. P ro d u c tio n  o f  fre e  fa t ty  ac ids by th e  f a t  body  of th e  w axm oith la rv a e  
in  v itro . E ffec t o f a lb u m in  in th e  m edium . P o rtio n s  o f a b o u t 260 mg. o f th e  f a t  
body w e re  in cu b a ted  a t 37° fo r  3 hr. in  2 m l. o f  K re b s -R in g e r  p h o sp h a te  b u ffe r,
pH  7.4, w ith  o r  w ith o u t bov ine  se ru m  a lb u m in  (Ь /̂о). A t th e  e n d  o f th e  in cu b a tio n
perio d  F F A  w ere  e x tra c te d  a n d  d e te rm in e d  as d esc rib ed  in  M ethods. C orrec tion  
w as m ad e  fo r th e  sm all a m o u n t o f  fa tty  ac id s  p re s e n t in  th e  a lbum in . M ean  v a lu es

o f  a t  le a s t 4 ex p e rim en ts .
Fig. 2. T he tim e -co u rse  o f f r e e  fa t ty  acids p ro d u c tio n  by th e  f a t  body o f th e  
w ax m o th  la rv a e  in  v itro . E ach  p o in t on  th e  cu rv e  re p re se n ts  th e  -mean of 
3 d e te rm in a tio n s , th e  re su lts  o f w h ich  w e re  n e a r ly  id en tica l. P o rtio n s  o f th e  f a t  
body  02ЮО mg.) w ere  in cu b a ted  a t  37° in  2 m l. o f  K re b s -R in g e r  p h o sp h a te  b u ffe r,
pH  7.4, co n ta in in g  5%  bov ine  se ru m  a lb u m in . T he in c re a se  in th e  F F A  co n ten t
in  th e  m ed ium  and  tis su e  w as m easu red  a t  th e  tim e s  g iven. F o r o th e r  d e ta ils

see text.
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In order to get more information of the nature of the lipolytic enzy
mes which are present in the fat body and catalyse the splitting of fatty 
acids from the lipids, the effect of several substances known to influence 
the activity of various lipases was studied. The results are summarized 
in Table 1. As heparin is considered to activate the lipoprotein lipase 
[12,2, 10] this substance was included in the incubation mixture in  
varying amounts. However, in the concentrations used, heparin had no 
effect on the lipolytic activity of the tissue. Protamine, known to inhibit 
the lipoprotein lipase, brought about a marked decrease in the amount 
of FFA produced. The inhibitory effect of 1 м-NaCl was even more 
pronounced. Both these compounds affected the lipolytic activity of the

T a b l e  1

Effect of various additions on the lipolytic activity of the waxmoth fat
body

P o rtio n s of a b o u t 200 m g. f a t  body o f w a x m o th  la rv a e  w ere  in c u b a te d  a t 37° fo r 
3 h r. in 2 m l. o f K re b s -R in g e r  p h o sp h a te  b u ffe r , pH  7.4, co n ta in in g  5%> bov ine  
se ru m  a lb u m in  and  th e  su b s tan ce  tes ted . F o r o th e r  d e ta ils  see  tex t. M ean  v a lues 

o f 4 -  6 ex p e rim en ts  an d  th e  ran g e  a re  given.

Lipolytic activity as percentage 
of control

Additions 
(final concn.) Waxmoth 

fat body

Rat adipose tissue 
(Cherkes & 

Gordon, 
cit. after [14])

None (control) 100 10 0

Protamine sul
phate 2 0  mg./ml. 

1 0  mg./ml.
43
42

(22 - 64) 
(38 - 46)

43

NaCl 1 M 2 0 (15-28) 17

NaF
KF

0.2 M 

0 .2  m 69 (55 - 85)
93

Heparin 10  jag./ml. 
30 (xg./ml. 
50 [ig./ml. 

150 [J.g./ml.

1 0 2

1 0 0

96
99

(101 - 103) 
(92 - 104) 
(84- 103) 
(93 - 103)

Sodium tripoly
phosphate* 0.17 mg./ml. 

0.33 mg./ml.
62
62

(49 - 72) 
(59 - 68)

Glucose 1 mg./ml. 52 (42-61)

Trehalose 1 mg./ml. 52 (44 - 63)
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fat body in a way very similar to that reported by Cherkes & Gordon [2] 
for the lipases from rat adipose tissue. On the other hand, fluoride, 
which in the experiments of Cherkes & Gordon [2] had practically no 
effect on the lipases of rat adipose tissue, markedly inhibited the lipo
lytic activity of the waxmoth fat body. Fluorides are known to be 
inhibitors of the pancreatic lipase but not to influence the lipoprotein 
lipase.

It was further found (Table 1) that the lipolytic activity of the fat 
body was also appreciably inhibited by the presence in the medium of 
glucose, trehalose, and sodium tripolyphosphate.

Effect of fasting on the lipolytic activity of the fat body and on the FFA
content in the haemolymph

Figure 3 presents the results of experiments performed on fat bodies 
removed from the larvae which had previously been starved for 1, 3 or 
7 days. As before, the fat 'bodies were incubated in buffer solution con
taining albumin. The amount of FFA produced per 1 g. of the tissue from 
the one day starved insects was consistently lower than in the controls 
(fed larvae); in three days starved larvae it was somewhat higher, but 
still lower than in the controls, but after 7 days of fasting the FFA 
production was almost the same as in the fat bodies of the fed insects.

Fig. 3. T he e ffec t o f  fa s tin g  on th e  p ro d u c tio n  o f f re e  f a t ty  acids by th e  f a t  body 
o f th e  w a x m o th  la rv ae . P o rtio n s  of ab o u t 200 mg. f a t  body o f  th e  fa s te d  lig a ted  
la rv a e  w e re  in cu b a ted  fo r  3 hr. a t 37° in 2 m l. of K re b s-R in g e r  p h o sp h a te  b u ffe r, 
pH  7.4, co n ta in in g  5%> bov ine  se ru m  a lb u m in . T he p ro d u c tio n  o f F F A  w as 
m e a su re d  as d esc rib ed  'in tex t. P ro d u c tio n  of F F A  by th e  f a t  body of fed  la rv a e  w as 
ta k e n  as 100%. T he v e rtic a l lines in d ica te  th e  ran g e  o f  va lu es fo r 4 ex p e rim en ts . 
Fig. 4. C on ten t o f th e  f re e  fa t ty  acids in  th e  haem o ly m p h  o f th e  w a x m o th  la rv a e  
d u rin g  s ta rv a tio n . T he F F A  co n ten t in th e  h aem o ly m p h  o f fed  la rv a e  w as ta k e n  

as 100%. T he v e rtic a l lin es  in d ica te  th e  ran g e  o f v a lu e s  fo r 4 ex p erim en ts .
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It seemed to be of interest to check whether the changes in lipolytic 
activity of the fat body during fasting would be reflected by the FFA 
content in the haemolymph. It appeared that the FFA concentration, 
which was fairly stable in the fed larvae (7.2 pmoles/g., ±0.14 S.E.), 
was changed during starvation in parallel to the changes of the lipolytic 
activity of the fat body (Fig. 4).

The effect of starvation was studied on larvae which had a ligature 
applied just behind the head. The experiments were, therefore, difficult 
to interpret, because the results might be influenced by two additional 
factors. First, ligation makes the larvae motionless and secondly, it pre
vents the insect hormones produced in the neurosecretory glands from 
penetrating the body.

Another series of experiments was, therefore, performed on larvae 
deprived of food but not ligated. In this case fasting could not exceed 
24 hr., because otherwise pupation started. It is seen in Table 2 that, 
contrary to the results obtained with the ligated larvae, the FFA release 
from the fat body of the faisted and of the fed insects was very similar; 
simultaneously the content of free fatty acids in the haemolymph was 
found to be practically identical with that in the fed larvae (7.0 pmoles/g.).

T a b l e  2

The production of free fat ty  acids by the fat body of the larvae fasted
for 24 hr. and not ligated 

E x p e rim e n ta l co nd itions as in T ab le  1. T he re su lts  a re  ex p ressed  as pm oles/g./3  h r.

Expt. no. Fed larvae Fasted larvae

1 18.7 18.8
2 19.1 18.1
3 18.2 18.5

Fatty acid composition in the lipids of fat body and of haemolymph

Since a correlation was found to exist between the lipolytic activity 
of the fat body in vitro and the concentration of FFA in the haemolymph, 
the question arose whether the composition of fatty acids in the fat 
body would be reflected by the composition of the fatty acids released 
from the tissue and by the FFA iin the haemolymph. The following fat 
body lipids were analysed: glycerides, FFA present in the tissue, and 
FFA released into the medium during incubation. The lipids of the 
haemolymph were separated into neutral lipids, phospholipids, and free 
fatty acids and each fraction was analysed separately.

The results of gas-liquid chromatography of the corresponding fatty 
acid m ethyl esters are presented in  Tables 3 and 4. The predominant
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fatty acids in the glycerides of the fat body were found to be palmitic 
and oleic acids which were present in approximately equal amounts 
and comprised together more than 80% of the total. Stearic acid pre
sented only a very small part of the total fatty acids. The total unsatu
rated fatty acids comprised about 56% and consisted chiefly of monoun
saturated acids, di- and trienoic acids being present in very small amounts. 
The proportion of acids with a carbon chain of more than C18 was 
about 5%.

T a b l e  3

Fatty  acid composition of the lipids of the fat body and of the free fatty  
acids released into the medium

M ean  v a lu es o f 6 d e te rm in a tio n s , ±  S.E.M., a re  g iven.

Composition (%)

Fat body FFA released
Fatty acid into the medium

Glycerides FFA during incubation

С ию 0.3 ±  0.04 0.2 ±  0.01 0.4 ±  0.06
Ci5:o 0.3 ± 0.04 0.2 ±  0.15 0.5 ± 0.07
Сіб: о 40.0 ± 0.71 35.0 ±  1.20 37.7 +  1.07
Сіб: 1 3.4 ±  0.03 3.7 ± 0.78 3.1 ± 0.70
Ci7:0 0.3 ±  0.04 0.5 ± 0.09 0.5 ± 0.19
C|7: i 0.5 ±  0.17 0.7 ±  0.01 0.6 ± 0.15
Cis:0 1.4 ± 0.05 2.5 ± 0.60 1.8 ±  0.31
Cie: 1 45.3 ±  1.10 45.8 ± 1.32 42.0 ± 1.17
C l8: 2 1.8 ±  0.22 3.2 ± 0.38 2.2 + 0.22
Ci8:3 2.1 ±  0.20 4.5 ± 0.74 4.2 + 0.77
C20:.* 3.2 ± 0.45 2.5 ± 0.46 3.9 ±  0.90
C2o: 2* 0.2 ± 0.1 — —

C2o: 4* — <0.2 4.2 ±  1.04
C22. o 1.4 ± 0.37 <0.2 —

Saturated 43.7 38.4 40.9
Unsaturated 56.3 60.6 60.2

* Tentative identification.

The composition of free fatty acids present in the fat body before 
incubation differed somewhat from that of the glycerides. The proportion 
of palmitic acid was smaller, the unsaturated acids comprised approxi
m ately 60% and the percentage contribution of C18-polyunsaturated acids 
was higher.

The free fatty acids released from the tissue into the medium during 
3 hr. incubation were found to be similar in composition to the FFA 
fraction of the fat body, except that the proportion of C20.4 was signi
ficantly higher.
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T a b l e  4
Fatty acid composition of total lipids and of some lipid fractions

of the haemolymph 
M ean  v a lu e s  o f 6 d e te rm in a tio n s , ±  S.E.M., a re  given.

Composition (%)

Fatty acid Total lipids FFA Neutral lipids Phospholipids

C 14: о 0.4 ± 0.09 0.3 ±  0.04 0.4 ± 0.12 0.5 ± 0.21
Ci5=0 0.5 ±  0.07 0.7 ±  0.28 0.6 ±  0.10 0.9 ± 0.20
C i6 :o 35.5 ±  1.7 31.3 ±  2.20 40.4 ±  1.20 31.0 ± 4.02
Сіб: 1 3.6 ±  0.3 2.0 ± 0.18 2.8 ±  0.31 2.8 ± 0.50
C 17: о 1.2 ±  0.2 1.9 ± 0.10 0.8 ±  0.13 2.3 ± 0.70
C 17: 1 1.8 ±  0.2 2.1 ± 0.25 1.3 ±  0.15 2.7 ± 0.62
C i8 :o 2.5 ±  0.1 4.7 ± 0.37 2.4 ±  0.40 3.5 ±  0.53
C 1 8 :1 38.9 ± 1.3 29.9 ± 1.20 36.6 ± 3.22 32.6 ± 3.00
C i8 :2 3.6 ±  0.5 6.6 ±  0.46 16.1 ±  1.70 8.1 ± 0.91
Ci8:3 5.2 ±  1.1 6.3 ±  0.81 4.9 ±  0.80 9.8 ±  1.72
C20 '. 2 * 4.5 ±  1.5 2.3 ± 1.10 3.0 ± 0.94 2.8 ±  1.30
С2 2Ю 1.5 ±  0.2 1.7 ±  0.35 0.9 ± 0.21 2.5 ±  1.10

Saturated 41.6 40.4 45.5 40.7
Unsaturated 57.6 59.2 54.7 58.8

* Tentative identification.

The fatty acid pattern of the total liipids of the haemolymph resembled 
thait of the fat body glycerides, but the relative contents of linoleic 
aind linolenic acids were higher and the fatty acid tentatively identified 
as C20;2 comprised about 5°/o. However, the FFA of the haemolymph 
were found to differ considerably from the fatty acids bound in esters. 
They contained relatively less palmitic and oleic acids and significantly 
more stearic acid and C18-polyunsaturated acids, especially linolenic acid. 
'Phospholipids of the haemolymph differed from the neutral lipids by 
a lower relative content of palmitic acid and by a higher content of 
linoleic and linolenic acids.

DISCUSSION

The fat body of insects differs in many respects from the adipose 
tissue of vertebrates and the mechanisms of lipid mobilization in insects 
and other animals may not be identical. The adipose tissue has been 
shown to be a rich source of free fatty acids which are released into 
the blood and, bound to albumin, are possibly the major form in which 
lipids are transported to other tissues for utilization. Few data only are 
available concerning the role of insect fat body in fat transport, but 
they point to a somewhat different mechanism operating in, at least,
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some insects as compared to higher animals. Locust fat body has not 
been found by Tietz (21] to- release any significant amounts of free fatty 
acids, either into a buffered medium (with or without albumin) or into 
the haemolymph. When the tissue was incubated in haemolymph, glyce
rides were released into the medium. According to Tietz, glycerides and 
not the free fatty acids are mobilized from the fat body and incorporated 
into lipoproteins of the haemolymph and these compounds may therefore 
represent the transport form of lipids in the locust. Experiments per
formed by Chino [3] on Hyalophora cecropia and Melanoplus differentia-  
lis strongly suggest that diglycerides are released from the fat body of 
these insects, and diglycerides are thought to be the chief form in which 
lipids are transported by the haemolymph.

In the present experiments, the fat body of the waxmoth larvae was 
incubated in a buffered medium, not in haemolymph, and appreciable 
amounts of FFA were found to be liberated from the tissue, especially 
in the presence of albumin as a fatty acid acceptor. Hence, the waxmoth 
fat body seems to differ in this respect from that of the locust. It should 
be noted that the amount of free fatty acids released by 1 g. of the  
waxmoth fat body was much higher than the amount released by 1 g. of 
rat adipose tissue incubated in similar conditions (8]. In our experiments, 
the presence of albumin in  the medium strongly enhanced the hydro
lysis, since not only the release into the medium but also the production 
of free fatty acids by the tissue was much smaller when albumin was 
absent from the medium. These findings are at variance with the results 
of Hollenberg & Angel (11] who found that in the albumin-free medium  
the release of FFA from rat adipose tissue was inhibited whereas the 
accumulation of FFA within the tissue was not prevented. Our results 
seem to indicate that free fatty acids, not removed from the reaction 
mixture by binding to albumin, inhibit the enzyme activity and interfere 
with lipolysis in the waxmoth fat body.

The time-course of lipolysis in the fat body (Fig. 2) shows the reaction 
to proceed much faster during the first hour of incubation than during 
the following 2 hours. The amount of FFA released from the tissue at 
any time may be the dynamic resultant of tw o opposite reactions, namely 
the liberation of fatty acids from the lipids and their esterification within 
the cell. Although the conditions of experiment do not favour the esteri
fication, it is not to be excluded that some fatty acids initially released 
into the medium may be taken up again by the tissue.

The effects of various substances added to the incubation mixture * 
may give some information about the nature of lipolytic activity in  the 
waxmoth fat body. Sodium chloride solution (1 м.) and protamine sul
phate, which are known to be inhibitors of lipoprotein lipase [12, 2], 
were effective in inhibiting the activity of the enzymes present in the 
fat body (Table 1). Sodium tripolyphosphate inhibited the lipolytic
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activity of the fat body in a similar way as pyrophosphate inhibited 
the lipoprotein lipase from rat heart and chicken adipose tissue [12, 13]. 
It seems to be of interest that polyphosphates have been found to occur 
normally in the waxmoth larvae [15] and their influence on the mobiliza
tion of lipids in vivo  is not to be excluded. The inhibitory effect of 
glucose on the liberation of FFA from both the rat adipose tissue [19] 
and the waxmoth fat body may be attributed to its giving rise to 
glycerophosphate which serves to esterify the fatty acids. Inhibition 
produced by trehalose, the characteristic carbohydrate of the haemolymph 
of many insects, may be due to a similar mechanism.

Activation by heparin of the release of fatty acids from the 
waxmoth fat body has never been observed in our experiments. However, 
this does not seem surprising, since the nonuniformity of the heparin 
response between species and tissues has been frequently observed. 
For example, lipoprotein lipases from chicken adipose tissue [3], rat 
aorta [12] or m ice epididymal fat [9] are reported not to be activated 
by heparin.

The effect of inhibitors on the production of FFA by the fat body 
of the waxmoth larvae suggests that an enzyme similar to lipoprotein 
lipase may be involved in this process. On the other hand, potassium  
fluoride known to inhibit the pancreatic lipase but not to affect the 
lipoprotein lipase, was also found to cause a decline in the mobilization 
of FFA from the fat body. This fact as well as the observation that the 
inhibition of the lipolytic activity by NaCl and protamine sulphate was 
not complete seem to indicate that another lipase, distinct from lipo
protein lipase and possessing different characteristics, is also present in 
the waxmoth fat body. This problem was the subject of a further study, 
the results of which are presented in  another paper [24].

A close correlation seems to exist between the ability of the fat body 
to release fatty acids and the FFA content in the haemolymph. When, 
as in the fed larvae, high lipolytic 'activity was found in the tissue, 
simultaneously a high content of the free fatty acids was observed in 
the haemolymph. After one day fasting, the rate of FFA release was 
markedly diminished and at the same time the FFA concentration in 
the haemolymph was about one half of that in the fed insects. When, 
however, the lipolytic activity in the fat body was restored, the FFA 
content in  the blood was the same as in the controls. As reported by 
Tietz [21], the locust fat body liberates only insignificant amounts of 
fatty acids, and the haemolymph contains only 0.1 nmole FFA per one ml. 
A similar relationship between the lipolytic activity of the adipose 
tissue of the vertebrates and the concentration of FFA in blood has 
been frequently observed [4, 7]. Gordon [7] was the first who correlated 
the concentration of FFA in serum with changes in the FFA production 
and interpreted these data as evidence for the view that fat is released
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from adipose tissue and transported in the blood in form of free fatty 
acids bound to albumin.

In view of the pronounced lipolytic activity of the fat body and of 
the fairly high concentration of free fatty acids in  the haemolymph 
one is inclined to suppose that in the waxmoth larvae, like in the 
vertebrates, free fatty acids represent the form in which lipids are 
transported from the sites of storage to the sites of utilization. Whether 
they represent the only transport form and whether glycerides are 
also involved in the lipid transport cannot be decided so far.

The significance of the marked decline in  FFA release from the fat 
body of the one day fasted larvae is poorly understood. It has been 
generally accepted that the adipose tissue from fasted animals releases 
much more fatty acid into the medium than does the tissue from fed 
animals [8, 18]. The fall in enzyme activity observed in our experiments 
during the first days of fasting could be due to ligation, because such 
a decline was not observed in insects fasted and not ligated. Unfortuna
tely, fasting without ligation cannot be continued for more than one 
day as it results in spinning and pupation. Therefore, it is not known 
whether further fasting would have activated the fatty acid production 
or not.

As the release of fatty acids from the adipose tissue is controlled by 
the concentration of nutrients in  blood and by the secretion of 
hormones [22], one may speculate that the fall in enzyme activity of 
ligated larvae is due to some lack of hormones caused by ligation and 
that the increased rate of FFA production in the later period of 
starvation may be induced by some changes in the concentration of 
some nutrients in the haemolymph. However, the role of other factors 
is not to be excluded.

Analyses of the fatty acid composition of the lipids in the fat body 
and in the haemolymph revealed the presence of more than 50°/o 
unsaturated acids. The major component was oleic acid but small 
amounts of polyunsaturated acids were also present. Since the lipids 
extracted from the beecoimb, which constituted the only food of the 
waxmoth larvae, were found to contain almost exclusively saturated 
fatty acids [23], it is reasonable to suppose that desaturation of fatty 
acids takes place on a large scale in the insect body. The pathway 
leading to the formation of polyunsaturated fatty acids in this insect 
is still obscure, the more so as most animals seem to be unable to 
synthesize these compounds.

Some differences were found to exist between the composition of 
the fatty acids of the fat body glycerides and the composition of the 
FFA fraction in the tissue. The relative content of palmitic acid was 
lower in the free fatty acid fraction, and the unsaturated acids 
(especially C ,8;2 and C18;3) comprised a greater part of the total than in
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the glycerides. These differences may be explained by some selectivity  
of the enzymes in liberating the polyunsaturated acids, or by differences 
in solubility of these acids in the cytoplasm of the cells, or perhaps by 
a desaturatioin of the liberated fatty acids which is likely to occur in 
the fat body.

On the other hand, practically no differences were found between 
the free fatty acids produced in the tissue and those released into the 
medium during incubation. This finding is at variance w ith that of 
Hollenberg & Angel [11] who found significant differences between the 
free fatty acids accumulated in rat adipose tissue during incubation, and 
the FFA released into the medium. Two factors may be responsible for 
these discrepancies. First, it should be taken into account that the 
morphological structure of the waxmoth fat body is very different from 
that of the adipose tissue. Rat adipose tissue, when incubated, is exposed 
to the medium by a rather limited surface and the presence of several 
compartments which differ in the extent to which the fatty acids enter 
the medium seems to be likely. On the contrary, the waxmoth fat body 
consists of a loose meshwork of very small lobes and a close contact 
is likely to exist between the cells of the tissue and the medium, and 
this may allow an easy outflow of the FFA from the tissue. Next, the 
free fatty acids in rat adipose tissue may be more firmly associated 
with some cellular binding sites and may differ in their availability for 
transfer out of the cell, while the FFA produced in the fat body may 
have a stronger affinity to albumin present in the medium than to the 
cellular binding sites. The failure to observe any accumulation of FFA 
within the waxmoth fa:t body during incubation and the marked 
accumulation of free fatty acids in rat adipose tissue in the experiments 
of Hollenberg & Angel [11] seem to support both suppositions.

Some differences were found to exist between the composition of 
FFA of the haemolymph and the composition of free fatty acids 
produced by the fat body. Thus, the relative content of oleic acid was 
smaller and those of linoleic and linolenic acids were higher in the 
haemolymph FFA than in the free fatty acid fraction of the fat body. 
Several factors may be responsible for these differences: (1), haemo
lymph circulates in the insect body in a direct contact with all tissues 
and its composition reflects the biochemical transformations which take 
place in various tissues. Apart from the fat body, other tissues, and 
first of all the intestine, may contribute to the FFA pool of the 
haemolymph. (2), Some metabolic changes may be brought about during 
the transport of the fatty acid and during its contact with the tissues. 
(3), Finally, the possibility exists that the affinity of the haemolymph 
proteins for an individual' fatty acid may be higher than the affinity 
of the cellular binding sites for the same acid. This would result in the 
easier transfer of this acid into the haemolymph draining the fat body.http://rcin.org.pl
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SUMMARY

1. The composition of free and esterified fatty acids in the fat body 
and haemolymph of the waxmoth larvae was determined by gas-liquid 
chromatography.

2. The fat body of the larvae was found to release appreciable 
amounts of free fatty acids when incubated in a buffered medium, 
especially in the presence of added albumin.

3. The effects of various enzyme inhibitors seem to indicate that at 
least two different lipases are present in the fat body.

4. Factors which affect the lipolytic activity of the fat body induce
some changes in the free fatty acid concentration in the haemolymph of
the larvae.

5. The free fatty acid fraction seems to be the major form in which 
lipids are transported in the haemolymph from the sites of storage to 
the sites of utilization.
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/
A K TY W N O ŚĆ  L IP O L IT Y C Z N A  C IA ŁA  TŁU SZCZO W EG O  G Ą SIE N IC  M OLA

W OSKO W EG O

I .  S K Ł A D  K W A SÓ W  T Ł U SZ C Z O W Y C H  W  L IP ID A C H  C IA ŁA  T Ł U SZ C Z O W E G O  I  H E M O L IM FY  
O R A Z  P O W S T A W A N IE  W O L N Y C H  K W A SÓ W  T Ł U SZ C Z O W Y C H  P O D C Z A S  IN K U B A C JI CIAŁA

T Ł U SZ C Z O W E G O

S t r e s z c z e n i e

1. P rz y  pom ocy ch ro m ato g ra fii gazow ej zb adano  sk ład  w olnych  d ze s try fik o - 
w an y ch  k w asó w  tłuszczow ych  w  lip id ach  c ia ła  tłuszczowego- i hem olim fy .

2. S tw ierdzono , że podczas in k u b a c ji c ia ła  tłuszczow ego gąsien ic  w  bufo rze  
fo s fo ran o w y m  n a s tę p u je  u w a ln ian ie  się k w asó w  tłuszczow ych  znacznie in te n sy w 
n ie jsze  w  obecności a lb u m in y  su row iczej w  środow isku ,

3. W p ły w  ro zm aity ch  in h ib ito ró w  na  ak ty w n o ść  lip o lity czn ą  ciała tłu szczow ego  
w sk a z u je  n a  obecność co n a jm n ie j d w óch  różnych  lipaz.

4. C zynn ik i po w o d u jące  zm iany  ak ty w n o śc i lip o lity czn e j c iała  tłuszczow ego 
w p ły w a ją  n a  zm ianę  s tężen ia  n ieze s try fik o w an y ch  k w asó w  tłuszczow ych  w  hem o- 
lim fie  gąsien ic .

5. N iezes try fik o w an e  kw asy  tłuszczow e są p raw dopodobn ie  fo rm ą tra n sp o rto w ą  
lip id ó w  w  h em olim fie  gąsienic m ola w oskow ego.

R ece iv ed  15 Ju ly  1964.
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LIPOLYTIC ACTIVITY OF THE FAT BODY OF THE WAXMOTH 
LARVAE

II. CHARACTERISTICS OF THE TWO DIFFERENT LIPASES  
IN THE W AXMOTH FAT BODY

D e p a r tm e n t o f B io ch em is try , N e n c k i In s ti tu te  o f E x p e r im e n ta l B iology, W arszaw a

Previous studies [11] on the lipolytic activity of the fat body of the 
waxmoth larvae suggested that at least two enzymes with different 
characteristics might be involved in the liberation of fatty acids from 
the tissue. The partial inhibition of the fatty acid production by 
potassium fluoride pointed to the presence of an enzyme similar to the 
pancreatic lipase (glycerol ester hydrolase, EC 3.1.1.3) of higher animals, 
while the inhibition by protamine sulphate and І м -NaCl suggested that 
another enzyme similar to lipoprotein lipase might also be active in  the 
fat body.

The present experiments were designed in order to characterize in 
more detail the two types of lipase activity in the fat body of the 
waxmoth larvae.

M ETHODS

Fully grown waxmoth larvae (Galleria mellonella L.) bred on beecomb 
and kept at 30° were used in the experiments.

The fat body was removed from the larvae as described earlier [11]. 
Samples of about 500 mg. of the tissue were incubated for 1 hr. at 37° 
in 5 ml. of Krebs-Ringer phosphate buffer, pH 7.4, containing 30 м-g. 
heparin per 1 ml. of the solution. After incubation lipase activity was 
examined both in the fat body and in the incubation medium.

The fat body was separated from the medium by filtration under 
slight suction, rinsed with Krebs-Ringer buffer solution and homo
genized in another 10 ml. of the buffer solution. The homogenate was 
centrifuged in the co-id for 10 miin. at 1000 g and the water phase between 
the sediment and the fat layer was collected (this w ill be referred to 
later as homogenate). Samples of the incubation medium and of the
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homogenate, respectively, were incubated with equal amounts of 
a mixture containing 7 parts of 6°/o serum albumin (Sigma, St. Louis, 
USA, fraction V) in Krebs-Ringer phosphate buffer, 0.5 part of 
1 m-(NH4)2S 0 4, and 2 parts of substrate. The substrate was either 
a commercial coconut oil emulsion (Ediol1, Riker Laboratories, Inc. 
(Schein. Labs.) Northridge, California) or an activated coconut oil 
emulsion prepared from it by incubation with rat serum for 30 min. 
at 37°. Both emulsions were diluted to 4% with the phosphate buffer. 
The pH of the incubation mixtures was adjusted to 8.5. The m ixture 
was essentially the same as that used by Bjorntrop & Furman [1] and 
by Cherkes & Gordon [3].

The free fatty acid (FFA) concentration was measured after 1 hr. 
incubation and at zero time in the controls. The increase in  FFA con
centration over that found in the control was a measure of lipase 
activity. A series of control experiments in which the activated coconut 
oil emulsion was incubated in phosphate buffer without the source of 
lipase showed no increase in the FFA content. For the FFA determina
tion either the procedure described earlier [11] or the method of Dole 
& Meinertz [4] was used.

The fat layer which accumulated on the top of solution during 
centrifuging of the homogenized fat body was also assayed for lipolytic 
activity. For this purpose the fat was collected and emulsified by grinding 
in a mortar with gum arabie and phosphate buffer. Portions of this 
emulsion were incubated with equal amounts of either activated 
substrate or a mixture containing only albumin, (NH4)2S 0 4 and buffer 
in the proportions given above. The increase in FFA concentration after 
1 hr. incubation was measured.

RESULTS

It is seen in Table 1 that both the waxmoth fat body and the medium  
in which the tissue had been incubated contain lipolytic activity. 
However, some differences seem to exist between the enzyme activity 
which appears in  the incubation medium and that which remains in  
the tissue. The lipase present in the medium strongly hydrolysed the 
activated coconut oil emulsion but had almost no effect on the non- 
-activated emulsion. On the other hand, in the tissue homogenate the 
lipolytic activity could be observed, directed toward both the activated 
and the non-activated substrate.

It has been shown by several authors [7,3, 1] that oil emulsion 
activated by preincubation with normal serum is an adequate substrate 
for the action of lipoprotein lipase and is indistinguishable from chylo-

1 E dio l is an  aqueous fa t  em u lsio n  con ta in ing  50°/o co co n u t o il, 12.5% sucrose , 
1.5% g lycery l m on o s tea ra te , an d  2% po ly o x y e th y len e  so rb ita n  m o n o s tea ra te .
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T a b l e  1

Lipolytic activity of the waxmoth fat body
P o rtio n s  o f th e  fa t body  (about 500 mg.) w ere  incu b a ted  in 5 ml. K re b s-R in g e r 
p h o sp h a te  b u ffe r  a t 37°. A fte r  1 h r. in cu b a tio n  th e  tissue  w as rem oved  fro m  th e  
m ed iu m  an d  hom ogenized  in a n o th e r  10 ml. o f th e  b u ffe r. T he lip o ly tic  ac tiv ity  
in  th e  hom o g en ate  and  in  th e  m ed ium  in w h ich  th e  tissue  h ad  b een  p re in cu b a ted  

t  w as  assayed  a s  d e sc r ib ed  in M ethods.
T he lip o ly tic  a c tiv ity  is ex p ressed  as nm oles o f F F A  re leased  p e r  1 g. tissu e  in 1 hr. 

T h e  va lu es re p re se n t th e  m ean  and  ra n g e  fo r  3 - 5  exp erim en ts .

Substrate
Lipolytic activity

in the medium in the tissue

Coconut oil emulsion 
Activated coconut oil 

emulsion

0.4 (0.0 — 0.6) 

8.4 (6.5 — 11.0)

4.5 (4.2 — 5.0) 

4.1 (3.8 — 4.5)

microns or low-density lipoproteins with respect to this enzyme. 
It seemed, therefore, that the lipolytic activity of the medium might 
be due almost exclusively to an enzyme similar to lipoprotein lipase. 
On the other hand, in the tissue homogenate, beside this enzyme, 
a different one, similar to a “true” lipase, might be also present. For 
further characterization of the various lipase activities, some lipase 
inhibitors were added to the incubation mixtures and their effects were 
investigated (Table 2). It is seen that lipase activity of the medium was 
completely inhibited by 1 м-NaCl and by protamine sulphate, known 
inhibitors of the lipoprotein lipase, but was not affected by KF which 
inhibits the pancreatic lipase. When samples of tissue homogenate were 
incubated with activated oil emulsion, a similar inhibition by protamine

T a b l e  2

Inhibition of the lipase activity of the medium and of the tissue homo
genate

T h e v a lu e s  re p re se n t th e  p e rc e n ta g e  o f inh ib itio n . M ean  v a lu es and  ran g e  fo r
3 - 4  ex p e rim e n ts  a re  given.

Addition 
(final concn.)

Lipase in the medium Lipase in the tissue

Activated
substrate

Activated
substrate

Non-activated
substrate

Protamine sulphate
(475 fxg./ml.) 93 (90 — 98) 92 (88 — 95) 8 ([-16]* — 20)

NaCl (1 m) 100 96 (92— 100) 44 (34 — 44)
KF (0.2 m) 7 (6 — 10) 8 (7 — 9) 99 (98— 100)

* This value indicates activation.
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sulphate and by 1 м-NaCl and no effect of KF could be observed. On the 
contrary, in the tissue homogenate incubated with non-activated 
substrate, lipolysis was almost completely inhibited by fluoride, but not 
by protamine sulphate. 1 м-NaCl inhibited this activity to approximately 
half the 'initial value.

These results seem to indicate that of the two lipases which may 
be present in the waxmoth fat body only the enzyme similar to a lipo
protein lipase was released into the medium during incubation of the 
tissue, while the “true” lipase remained within the tissue.

During centrifugation of the homogenized fat body a thick layer of 
fat accumulated on the top of the homogenate. This fat was collected 
and tested for its  ability to- hydrolyse the activated coconut oil emulsion. 
Table 3 shows that the enzyme(s) present in the fat brought about 
a pronounced hydrolysis of the oil emulsion. Since the activated oil 
emulsion was found to be more strongly hydrolysed than the fat layer 
itself, there are good reasons to suppose that the lipolysis might be, 
partly at least, attributed to lipoprotein lipase.

T a b l e  3

Lipolytic activity of the fat layer
T he fa t  la y e r  w h ich  ac c u m u la te d  on the  to p  d u r in g  c e n tr ifu g a tio n  of th e  h o m o 
genized  fa t body  (ab o u t 500 mg.) w as em u lsified  in  10 m l. o f p h o sp h a te  b u ffe r  as 
d e sc r ib ed  -in M ethods an d  in cu b a ted  fo r 1 h r. a t 37°, p H  8.5. O ne /ml. o f the 
em u lsified  f a t  w as  in cu b a ted  w ith  1 -ml. o f a  -m ixture co n ta in in g  7 p a r ts  o f 6°/» 
bov ine s e ru m  a lb u m in , 0.5 p a r t  o f 1 m -(N H 4)2S 0 4 and  2 p a r ts  o f 4%  ac tiv a ted

coconut oil em ulsion .
T he v a lu e s  re p re se n t th e  co n ten ts  of F F A  in  th e  sam p les ex p re ssed  in y.g.

Incubation mixture Before
incubation

After 1 hr. 
incubation

Difference

Whole system 390 650 +260
Activated coconut oil

omitted 405 509 +  104

It has been frequently shown that the release of lipoprotein lipase 
from various tissues of higher animals is highly stimulated by heparin 
added to the incubation mixture [5, 3, 1]. The waxmoth fat body and the 
rat epididymal fat pads were therefore incubated with or without 
heparin and the results are shown in Table 4. Heparin strongly 
stimulated the release of lipoprotein lipase from the rat adipose tissue, 
but not from the waxmoth fat body; the slight increase in the lipolytic 
activity observed in the medium containing heparin does not seem to 
be significant.
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T a b l e  4

Effect of heparin on the release of the lipolytic activity into the medium
The w a x m o th  f a t  body  o r  po rtio n s of ra t ep id id y m al fa t pad  w ere  in cu b a ted  fo r  
1 h r. a t  37° in p h o sp h a te  b u ffe r  pH  7.4 (100 m g ./l m l.) w ith  an d  w ith o u t h e p a rin  
(30 ng./m l.). O ne m l. o f each  m ed ium  w as a f te rw a rd s  in cu b a ted  fo r 1 h r. w ith  
a m ix tu re  co n ta in in g  in  1 m l.: 0.7 m l. 6% bov ine  se ru m  a lb u m in , 0.2 m l. 4%  a c t i 
v a ted  coconu t o il em u lsio n  and  0.05 ml. 1 m-(N H 4)^S 04. T he lip o ly tic  a c tiv ity  is 
ex p re ssed  as in c rea se  in  th e  co n ten t of F F A  d u rin g  in cu b a tio n , in pm o les/g ./h r. 

T h e  re su lts  of 2 ex p e rim en ts  a re  g iven.

Tissue

Lipolytic activity in the medium 
after incubation of tissue

with heparin 
(30 ptg./ml.)

without heparin

Epididymal rat pad 10.0 6.5
14.0 6.5

Waxmoth fat body 6.6 6.1
8.1 6.3

T a b l e  5
Lipolytic activity in the haemolymph of the waxmoth larvae

0.2 ml. o f h aem o ly m p h  w a s  in c u b a te d  w ith  0.8 m l. o f a m ix tu re  c o n ta in in g  7 p a r ts  
o f 6% bov ine  se ru m  a lb u m in  in p h o sp h a te  b u ffe r, 0.5 p a r t  o f 1 m-(N H 4)2S 0 4 a n d  
2 p a r ts  o f e i th e r  a c tiv a te d  o r  n o n -ac tiv a ted  4°/o coconut o il em ulsion . T he am o u n ts  

o f re le a sed  F FA  w ere  ca lcu la ted  p e r  1 m l. o f h aem o lym ph .

Substrate

FFA content

before
incubation

(jjmoles/ml.)

after 1 hr. 
incubation 

(|i.moles/ml.)

Activated coconut oil
emulsion 10.0 24.0

Non-activated coco
nut oil emulsion 10.0 25.5

The observed prompt liberation of lipoprotein lipase from the tissue 
during incubation as well as the finding that no heparin was needed  
for this liberation, led us to suppose that this enzyme might be normally 
present in  the haemolymph of the waxmoth larvae. In order to- check 
this supposition, samples of haemolymph were incubated with the 
activated and non-activated oil emulsion and the increase in FFA  
concentration after incubation was measured. The results shown in 
Table 5 .strongly suggest that the blood of the waxmoth larvae, unlike 
that of higher animals, normally contains lipoprotein lipase activity 
together with the “true” lipase activity.
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DISCUSSION

Our previous studies [11] have suggested the presence of at least 
two lipases in the waxmoth fat body. In the present experiments it has 
been shown that a lipolytic enzyme is released into- the medium during 
incubation of the fat body in the buffer solution. On the basis of the 
action of this enzyme on the oil emulsion activated by blood serum, but 
not on the plain coconut oil emulsion, and on the basis of the inhibitory 
effect of protamine sulphate and of Ім -NaCl, there are good reasons 
to suppose that the enzyme may be a lipoprotein lipase, similar to that 
found by several authors in the adipose tissue, heart muscle and some 
other tissues of the vertebrates.

So far as we know, the presence of lipoprotein lipase in insects has 
not been reported and it is uncertain whether this enzyme is common 
to the whole group of these animals or is restricted to Galleria m e l l o -  
nella. As the waxmoth larvae consume large amounts of lipid material 
(wax) with the beecomb which is their .normal food, the physiological 
role of lipoprotein lipase in assimilation and utilization of lipids by this 
animal seems to be important.

It seems to be well documented that the lipoprotein lipase of the 
vertebrates participates in the uptake of chylomicron and lipoprotein 
glycerides from the circulation [10]. Hydrolysis of the triglycerides of 
the blood lipoproteins yields free fatty acids and perhaps partial 
glycerides which may enter the cells of the adipose tissue [10]. It has 
been suggested that the lipoprotein lipase system  is located very near 
the circulating blood, perhaps in the capillary endothelium [9] and this 
would explain the prompt appearance of lipase activity in the blood 
following the injection of heparin.

The ability of adipose tissue of vertebrates to release lipoprotein 
lipase not only into the blood but also into the incubation medium has 
been frequently reported [3, 5, 1]. The promptness of liberation of this 
enzyme led to- the hypothesis that it is normally held to the cell surface 
by electrostatic forces and that “the binding of the enzyme to- cell 
surface is an equilibrium that allows slight dissociation” [3]. The same 
may be true in the case of the lipoprotein lipase of the waxmoth fat 
body. The enzyme is rapidly eluted into- the incubation medium  
and its activity in the preincubated tissue falls strongly, leaving another 
type of activity.

This other type of activity found in the homogen-ates of the waxmoth 
fat body differs from lipoprotein lipase; it does not require blood serum  
proteins other than albumin for its activity, as it acts on noin-activated 
oil emulsion; it is not inhibited by protamine sulphate, only partially 
by 1 м-N a d , and completely inhibited by KF; it cannot be eluted into
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the medium during incubation in vitro. Thus, this enzyme has several 
properties in common with a “true” lipase like the pancreatic lipase 
of the vertebrates.

One may suppose, therefore, that the two lipases present in the fat 
body of the waxmoth larvae differ in their mode of action. The “lipo
protein lipase” may act extracellularly, presumably by splitting the 
triglvcerjdes bound to the lipoproteins of the haemolymph. On the other 
hand, the “true” lipase, which is strongly bound within the cell and is 
liberated only after disruption of the cell structure, may act intracellu
lar ly by hydrolysing the glycerides stored in the fat depot of the insect. 
In this respect, the fat body of the waxmoth larvae shows a striking 
similarity to the adipose tissue of the vertebrates where the same two  
types of lipase activity have been shown [1, 6]. The main difference 
between the activity of the lipoprotein lipase of the waxmoth larvae 
and the lipoprotein lipase of the rat epididymal fat pads is the fact 
that the enzyme of Galleria mellonella is not activated by heparin, nor 
is its release from the tissue increased by the presence of heparin in the 
medium, as is always the case with the adipose tissue of the rat. It was 
therefore anticipated that the haemolymph of the waxmoth larvae might 
normally contain some lipoprotein lipase originating probably from the 
fat body. This i:n fact proved to be the case. One may suppose that the 
enzyme present in the haemolymph may act in transporting the non- 
esterified fatty acids on the lipoproteins and in binding them into the 
glycerides. It should be mentioned that Borgstrom & Carlson [2] found 
that lipoprotein lipase present in human postheparin plasma is involved 
in esterification of the free fatty acids to the chylomicron glycerides. 
As the haemolymph of the waxmoth larvae is very rich in lipids [12], 
contains a rather high proportion of FFA [11] and contains lipoprotein 
lipase, the possibility of the transfer of the FFA on the lipoproteins 
is very likely to exist. This problem is now under study.

Another feature common to the lipoprotein lipase of the waxmoth 
larvae and to that of higher vertebrates also seems to be of interest. 
It has been shown by Korn & Quigley [8] that this enzyme when incuba
ted with a triglyceride emulsion is adsorbed onto* the oil emulsion. Accor
ding to the authors, this finding may be explained by assumption that 
the reaction catalysed by lipoprotein lipase may proceed through an 
enzyme-substrate complex. In the present experiments, the fat layer 
which accumulated on the top during centrifugation of the homogenized 
fat body contained pronounced lipase activity. This may also be due 
to the adsorption of the enzyme onto the fat layer which may result 
in formation of an enzyme-substrate complex, similar to that described 
by Korn & Quigley.

The results of our experiments seem to indicate, therefore, that 
despite of the pronounced differences between the insect fat body and
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th e ad ipose tissu e  o f  th e  v erteb ra tes som e o f  th e  en zy m e sy stem s in v o l
v ed  in  lip id  m etab olism  in  th ese  tissu es have sev era l ch aracteristics  
in  com m on.

SUMMARY

T he fa t body o f th e  w axm oth  larvae  w as incubated  in K rebs-R inger  
p h osp h ate  b u ffer  so lu tion , w ith  or w ith o u t heparin , and th e lipase acti
v ity  p resen t both in  th e  in cubation  m edium  and in th e tissue a fter  
h om ogen ization  w as m easured  and characterized .

T he lip a se  found in  th e  in cu b ation  m edium  requ ired  serum  proteins  
for its  a c tiv ity  and w as inh ib ited  by protam ine su lp h a te  and  by 1 м-N aC l, 
but n o t by K F; it  w as th erefore  considered  to be a lipoprotein  lipase.

T h is en zy m e wais present a lso  in  the preincubated  tissu e hom ogenate. 
In addition , an oth er  lip ase  d iffer in g  from  th e  form er w a s found in  th e  
hom ogen'ate. It acted  on  n o n -a etiv a ted  o il em u lsion  and w as com p lete ly  
in h ib ited  b y  K F; it seem ed  th erefore  to  be a “tr u e ” lipase.

T he lip op rote in  lipase o f  th e  w a x m o th  la rv a e  w as in sen sitive  to 
heparin  an d  it  w a s found  to occu r n orm ally  in  th e  haem olym ph. The 
possib le  ro le  o f  th e  tw o  lip ases in lip id  m etab olism  o f  the w axm oth  
larvae is d iscu ssed .
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A K TY W N O ŚĆ  L IP O L ITY C ZN A C IA Ł A  T ŁU SZCZO W EG O  
G Ą SIE N IC  M O LA  W O SK O W EG O

I I .  W Ł A SN O Ś C I D W Ó C H  R Ó Ż N Y C H  L IPA Z  C IA ŁA  T Ł U SZ C Z O W E G O  

S t r e s z c z e n i e

Podczas in k u b a c j i c iała tłu szczow ego  w  b u fo rze  fo s fo ran o w y m  do środow iska  
p rzechodz i en zy m , m a jący  w łaśc iw ości lip azy  lip o p ro te id o w e j zw ierzą t w yższych. 
E nzym  te n  "wymaga d o  sw ego d z ia łan ia  b ia łek  su row iczych  i  je s t ham ow any  p rzez

http://rcin.org.pl



[9 ] L I P A S E S  IN  T H E  W A X M O T H 4 7

p ro ta m in ę  o ra z  il м -N aC l, a le  n ie  je s t ham o w an y  p rzez  flu o rk i. W ho m o g en ae is 
u p rzed n io  in k u b o w an e j tk a n k i obecny  je s t p o n ad to  d ru g i enzym  o cechach  lipazy  
w łaśc iw e j. H y d ro lizu je  o n  em u lsję  tłu szczow ą w  nieobecności b ia łek  su ro w iczy ch  
i je s t ca łkow ic ie  ham o w an y  przez  flu o rk i. E nzym  ten , n o rm a ln ie  s iln ie  zw iązany  
W kom órce i u w a ln ia ją c y  się d o p ie ro  p o  rozb ic iu  s t ru k tu ry , dz ia ła  p raw d o p o d o b n ie  
w e w n ą trzk o m ó rk o w e , podczas gdy słab o  zw iązana  lipaza  lip o p ro te id o w a  m oże d z ia 
łać  poza kom  órkow o. L ip aza  lip o p ro te id o w a  m ola w oskow ego je s t n iew raż liw a  na  
h e p a ry n ę  i je s t n o rm aln ie  obecna w  hem olim fie .

R eceived  15 J u ly  1964.
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L. ŻELEWSKI

CITRATE AND ELECTROLYTE EXCRETION IN RATS TREATED 
WITH 17 ̂ -OESTRADIOL

D e p a r tm e n t o f B io ch em is try , M edical School, G dańsk

The results of experiments performed so- far indicate that citrate 
excretion is controlled by sexual hormones. Shorr et al. [11] have shown 
that in women citrate excretion increased during the menstrual flux  
when the oestrogen level in the organism was higher. Similarly we have 
observed an increased citrate excretion before parturition i.e. at the 
time when the oestrogen level is elevated [16]. Also- the women who 
had been treated with therapeutical doses of oestradiol benzoate excreted 
more citrate in the urine [9]. Among the intact rats subjected to pro
longed acidosis, females excreted more citrate than males [17]. However, 
after administration of large doses of oestradiol benzoate to female rats, 
a decrease of citrate excretion was observed [15].

As in previous experiments [14] it has been shown that chloride 
content decreased in the urine at the period of decreased citrate excre
tion, it seemed reasonable to undertake studies on mineral metabolism  
in rats treated with oestrogens. Besides, the participation of reproductive 
and adrenal glands in the process of citrate and minerals excretion was 
investigated.

METHODS

Urine collection and the estimation of citrate, a-ketoaicids, chlorides 
and total nitrogen in the urine were carried out as described previously 
[14]. Plasma chlorides were estimated by the method of Van Slyke [4], 
plasma and urine sodium and potassium with flame photometer Zeiss III, 
and urine ammonia as described by Connerty et al. [2].

The experim ents were performed on albino rats kept on a standard 
diet [17].

Three-month-oId rats were submitted to removal of the testes together 
with epididymides or to ovariectomy; they were used for experiments 
2 months later. In female rats aged 4 months, bilateral adrenalectomy 
was performed by removing adrenal glands together with capsules. For
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six weeks after this treatment, i.e. until the experiment started, and 
all the tim e throughout the experiment, the animals were given 1.5°/o 
NaCl .solution instead of drinking water. The effectiveness of the adrenal
ectomy was checked both by autopsy after the completion of the ex
periment and by giving to a group of 6 adrenalectomized rats not NaCl 
solution but water to drink. No animals of this control group survived 
longer than 15- 19  days.

The intact animals used for experiments were 4 - 6  months old.
The steroids for the injections were dissolved in araehis oil and 

administered intramuscularly every other day in a  dose of 26.6 Mmoles 
per kg. body weight.

Statistical evaluation of the results was carried out by comparing 
the values obtained after the hormone treatment with those obtained 
before the treatment in the same animals; the coupled Student’s  t test 
was used for P calculation as described previously [15].

Reagents: 17/3-oestradiol, oestron and progesterone were a gift from 
Hoechst A. G., Frankfurt am Main. Araehis oil was from Warszawskie 
Zakłady Farmaceutyczne. 2,4-Dinitrophenylhydrazine was L. Light & Co. 
(Colnhrook, England) product. Other reagents were purchased from Fa
bryka Odczynników Chemicznych, Gliwice.

RESULTS

In the first series of experim ents the influence of 17/3-oestradiol, 
oestron, istilbestrol, progesterone and cholesterol on citrate and a-keto- 
acids excretion has been studied, each compound tested being admini
stered to 5 litter-mate female rats. The results presented in Table 1 
indicate that 17/?-oestradiol, oestron and stil'bestrol caused a decrease of 
both citrate and cr-ketoacids excretion whereas the administration of 
progesterone and cholesterol was without effect.

The changes of cation excretion under the influence of 17/?~oestradiol 
and oestron were followed on two groups of litter-mate female rats 
of 5 animals each. Five litter-mate rats receiving injections of araehis 
oil only, served as control. The excretion of sodium and potassium de
creased after the rats had been treated with 17/?-oestradiol or oestron. 
However, in relation to total urine nitrogen, only the excretion of sodium 
decreased while the ratio of potassium to total N was unchanged (Table 2). 
Since after oestradiol treatment the nitrogen excretion decreased, a pos
sibility existed that the changes observed were caused by the decreased 
food intake. Therefore in all further experiments the values of the 
excreted compounds were expressed in relation to. that of excreted 
nitrogen.
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The rats used in the experiments presented in Table 2 were killed 
on the fourth day after the first injection, i.e. at the time of the maximum  
decrease of urine citrate excretion. The blood was withdrawn, and no 
changes in plasma sodium, potassium and chloride and blood citrate and 
a-ketoacids were observed in the treated animals (Table 3).

T a b l e  2

The influence of 17{3-oestradiol and oestron on the excretion of cations
in the urine of female rats

In t ra m u s c u la r  in jec tions o f 2-6.6 pm oles 17/?-o e s tra d io l o r o e s tro n  p e r  kg. body w t. 
w e re  g iven on th e  days m a rk e d  w ith  a n  a s te risk . The v a lu es re p re se n t m -m o le s  
p e r  kg. body w t. p e r  day . T he d a ily  am o u n t of u r in e  is ex p ressed  as ml. p e r kg. 
body  w t. M ean  va lu es o b ta in ed  fro m  5 an im als , ±  S.E., a re  g iven, w ith  P  v a lues

in p a re n th e se s .

Treatment Excretion
Day of experiment

1 2* 3 4* 5

Arachis oil Sodium 13.6 + 0.9 15.2±0.2 12.3 ± 1.8 11.5 ± 1.3 12.6 ± 1.6
(control) (0.5) (0.2) (0.9)

Potassium 6.4±0.3 7.1 ±0.3 6.3±0.6 5.6±0.6 5.8±0.7
(0.4) (0.2) (0.2)

Ammonia 3.2±0.3 3.5±0.3 3.7 + 0.2 2.8±0.3 3.8±0.4
(0.8) (0.1) (0.8)

Total N 114 ± 10 135 ± 6 107 ±  2 100 ±1 105 ±  12
(0.1) (0.05) (0.3)

Urine 78 ±5 75± 5 67 ±14 59 ± 9 77 ± 13
(0.2) (0.1) (0.5)

17/S-Oestradiol Sodium 15.6 ±  1.0 13.9 ± 1.0 7.8 ±1.9 7.9 ±0.7 4.9±0.7
(0.01) (0.001) (0.001)

Potassium 6.9±0.6 7.2 ±0.6 5.6±0.6 4.1 ±0.3 3.6±0.3
(0.05) (0.01) (0.01)

Ammonia 3.5±0.1 3.5 + 0.2 3.1 ±0.3 2.5±0.3 2.5 ±0.2
(0.3) (0.1) (0.02)

Total N 131 ± 9 133 ± 12 97 ±  19 79 ± 7 77 ±11
(0.1) (0.01) (0.01)

Urine 80 ±15 73 ±  12 79 ±17- 53 ± 9 61 ±23
(0.8) (0.02) (0.1)

Oestron Sodium 11.4 ±  1.0 12± 1.4 6.9± 1.0 8-2 ± 1.9 6 .5±  1.0
(0.001) (0.2) (0.01)

Potassium 5.2±0.5 5.5±0.5 4.5±0.5 4.5±0.6 3.3±0.6
(0.02) (0.3) (0.01)

Ammonia 2 .8±0.2 2.6±0.1 2.7 ±0.3 2.9±0.2 2.8±0.4
(0.9) (0.2) (0.7)

Total N  ̂96± 7 111 ± 4 90 ±5 82 ±11 73± 4
(0.9) (0.2) (0.7)

V
Urine 51 ± 7 61 ± 4 71 ±17 56 ±11 53 ± 12

(0.4) (0.9) (0.8)
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To exclude the possibility that the changes in excretion occurring 
after 17/?-oestradiol injection are a secondary effect caused by the 
changes in hormonal activity of ovaries, ovariectomized rats were sub
mitted to the same treatment. Also in these animals a pronounced de
crease of citrate and a less pronounced decrease of a-ketoacids excretion 
occurred after 17/?-oestradiol administration. These changes were accom
panied by a decrease of sodium chloride and an increase of ammonia 
excretion. Nevertheless, potassium excretion did not change (Table 4).

T a b l e  3
Concentration of electrolytes and citrate and a-ketoacids in the blood 

of female rats treated with 17 ̂ -oestradiol or oestron
T he an im a ls  w ere  tr e a te d  as described  in T ab le  2. T h e  co n cen tra tio n  of a ll 
com pounds is ex p ressed  as m -m o les/litre . M ean  va lu es o b ta in e d  fro m  5 a n i 

m als, ±  S.D., a re  given.

Excretion
Treatment

Arachis oil 
(control) 17/S-oestradiol Oestron

Blood plasma
Sodium 140±6.5 140 ±6.5 143 ±5.5
Potassium 4.7 ±0.6 4.9 ±0.9 5.0 ±0.4
Chloride 103 ±3.4 105 ±5.6 104 ±3.4

Whole blood
Citric acid 0.125±0.026 0.120 ±0.032 0.145 ±0.031
a-Ketoacids 0.374±0.032 0.350± 0.053 0.350 ±0.03

Further experiments were carried out on castrated and normal male 
rats. Also in normal animals (two litter-mate groups, numbering 10 
males) a decrease of citrate, sodium and chloride excretion could be 
observed on the third day after the first oestradiol injection. However, 
the excretion of a-ketoacids, potassium and ammonia did not change 
(Table 5). Seven castrated litter-mate rats also showed after oestrogen 
administration a decrease of citrate excretion, which was accompanied 
by a decrease of sodium and chloride excretion (Table 6). The excretion 
of a-ketoacids, potassium and ammonia was not changed.

The possibility that the adrenal glands are the factor responsible for 
the decrease of citrate and sodium chloride excretion after oiestradiol 
treatment was studied by using adrenalectomized female rats (Table 7). 
No decrease was observed in the ratio of the excreted citrate, a-ketoacids 
and sodium chloride to total urine nitrogen. Nevertheless, the amount 
of total nitrogen excreted and urine volume were diminished significantly 
on the third day after the first oestradiol injection.
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DISCUSSION

The results obtained indicate that the decreased citrate excretion 
occurring as ia result of oestrogen injection, is connected with an increased 
sodium and chloride reabsorption. The experiments with ovariectomized 
females and with both normal and castrated male rats have shown that 
the effect of 17/5-oestradiol is not dependent on the presence of ovaries. 
The experiments performed on adrenalectomized female animals indicate 
that the adrenal glands participate in the process leading to the de
creased citrate excretion after the administration of oestrogen. The data 
concerning the effect of oestrogen on the excretion of adrenocorticoids 
are numerous but controversial [10, 7, 12, 5]; this is due probably to- the 
application of different compounds and to differences in the methods 
used. After oestrogen treatment, Zondek & Burnstein [13] observed an 
increase in cortioaids excretion and in our previous [15] and present 
experiments a decrease of citrate excretion was found. Therefore it seems 
permissible ito assume that a parallelism exists between the increased 
excretion of corticoids and the decreased urine citrate excretion. Mills 
et al. [8] observed an increased 17-hydroxycorticosteroids level in the 
serum of castrated women after they had been treated with oestrogens, 
while no increase was found in adrenalectomized subjects or in persons 
with adrenal insufficiency.

From the experiments dealing with the effect of corticosteroids on 
the citrate serum level and on the excretion of this compound in the 
urine it is evident that the increased amount of corticosteroids does 
influence the excretion of citrate.

In human subjects with Addison disease an Increased serum citrate 
level and increased urine citrate excretion were observed [1, 6]. The 
assumption that corticosteroids control in some way the excretion and/or 
metabolism of citrate, is supported by the experiments carried out by 
Harrison & Harrison [3] on rats. The animals treated with cortisol showed 
a decrease of serum citrate level and also decreased urine citrate excretion 
whereas the concentration of citrate in the kidney tissue did not change.

SUMMARY

1. A decrease of urine citrate, sodium and chloride excretion was 
observed in normal and ovariectomized female rats, as well as in normal 
and castrated males after the animals had been treated with oestrogens.

2. No decrease of citrate excretion after 17/5-oestradiol administration 
occurred in adrenalectomized fem ale rats.

3. At the time when the decrease of citrate excretion caused by 
oestrogens reached its maximum, no changes of the concentration of 
citrate and a-ketoacids in whole blood, and of sodium, potassium and 
chloride in plasma were observed.
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W Y D A LA N IE K W A SU  CYTRYN OW EG O  I  E L E K T R O L IT Ó W  U SZCZU RÓ W  
PO  PO D A N IU  ESTR O G EN Ó W

S t r e s z c z e n i e

1. P o  po d an iu  e s trogenów  szczurom  n o rm a ln y m  i k a s tro w a n y m  obu  p łc i s tw ie r 
dzono  sp a d e k  w y d a lan ia  k w asu  cy trynow ego  o ra z  sodu  i ch lorków .

2. U  szczurów  płci żeńsk ie j po u sun ięc iu  n ad n erczy  n ie  o b se rw o w an o  zm n ie j
szonego w y d a lan ia  cy try n ia n u  po p o d an iu  17/?-e s trad io lu .

3. W d n iu  m aksym alnego  sp a d k u  w y d a lan ia  cy try n ia n u  stężen ie  sodu, p o tasu  
i ch lo rk ó w  w  osoczu o raz  cy try n ia n u  i a -k e to k w asó w  w  p e łn e j k rw i pozostało  nie 
zm ien ione.

R eceived 16 Ju ly  ,1964.
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W. DRABIKOWSKI and EWA NOWAK 

STUDIES ON SULPHYDRYL GROUPS OF TROPOMYOSIN

D e p a r tm e n t o f B io ch em is try , N en ck i In s titu te  o f E x p e r im e n ta l B iology, W arszaw a

Contrary to the numerous results concerning the number and reacti
vity of sulphydryl groups in myosin and actin, few  data exist on the SH 
groups in tropomyosin. Thus Kominz et al. [10] and Szent-Gyorgyi et al. 
[12] have found that tropomyosin molecule contains two sulphydryl 
groups and one disulphide bridge. As concerns the role of the SH groups, 
Ghamg & Tsao [4] have suggested 'that SH groups take part in polymeriza
tion of tropomyosin.

In the present paper the SH groups in tropomyosin have been investi
gated by blocking them with /?-hydroxyethyl-2,4-dinitrophenyl disulphide 
(HEDD). During the reaction of SH groups with this compound stoichio- 
metrical amounts of d:nitrothiophenol are liberated which can be easily 
quantitatively determined. This method was previously adapted in this 
Laboratory to investigate the number and the role of SH groups in 
actin [5] and myosin [8].

MATERIAL AND METHODS

Tropomyosin was prepared from rabbit muscles according to Bailey [2]. 
The whole purification cycle was performed twice but in some experi
ments the determination of SH groups was also performed on once 
purified tropomyosin, dialysed after purification against water. After the 
second purification cycle tropomyosin was precipitated with alcohol in 
the presence of 0.1 м-KCl, dried-down in alcohol and ether, and stored 
in this form at 2°. Before use it was dissolved in water and clarified by 
centrifugation for 20 min. at 28 000 g. Preliminary experiments showed, 
in agreement with the observation of Kominz et al. [10], that when com
mercial (NH4)2S 0 4, usually containing traces of heavy metals, was used 
for fractionation of tropomyosin the subsequently obtained preparations 
contained but minute amounts of SH groups. Therefore (NH4)2S 0 4 was 
purified by passing through a column of Dowex 50, ammonium cycle [10].

The reaction of HEDD with SH groups of tropomyosin took place in 
conditions previously described for actin [5]. The solutions of tropomyosin
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were incubated with HEDD and the d i n i tr othio pheno 1 liberated was 
measured in a Unicam Spectrophotometer S.P. 600 at 408 mn. Sometimes 
the solutions became a little cloudy; in these cases the extinction at 
600 mu was also measured and this value was subtracted from that found 
at 408 mpi.

Protein was determined with a biuret reagent [6]. Viscosity measure
ments were carried out im Ostwald viscometers with outflow time of 
approximately 50 sec. at 21°.

RESULTS

The determination of SH groups content in tropomyosin was per
formed in various conditions: in  the absence a:nd in the presence of 
0,6 M-KC1; and in the presence of 6 м-urea. The time-course of the reaction 
of SH groups of tropomyosin with HEDD is presented in Fig. 1. In the 
presence of urea, when all free SH groups were expected to react with 
HEDD, the reaction was very fast and it was practically finished within 
10 min. On the other hand, in the absence of urea not all free SH groups

Fig . 1. T h e  tim e  co u rse  o l  th e  re a c tio n  o f H ED D  w ith  S H  g roups o f tropom yosin . 
To 2 m l. sam p les o f  tw ice  p u rif ie d  tropom yoisin d isso lv ed : (Д), in w a te r , (O), in 
0.6 M-KC1, (□ ), in  6 м-u re a , 4 m l. o f  5 X 10~4 m-H ED D  in  2m M -tris  b u ffe r, p H  7.0, 
w as a d d e d  a t  ze ro  tim e. M easu rem en ts  of e x tin c tio n  a t 408 т ц  w e re  ta k e n  a t  room  
te m p e ra tu re  a t  th e  tim es .indicated  in th e  F ig u re . F in a l co n cen tra tio n  o f tro p o m y o sin :

0.36 m g./m l.

were accessible to HEDD. In this case the number of the reacting SH 
groups depended on the presence of KC1. Thus, in 0.6 м-KCl the final 
number of SH groups reacting with HEDD was greater than that found 
without addition of salt, although the rate of the reaction seemed not 
to depend substantially on the presence of KC1. By far the greater part
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of the accessible SH groups, both in water and in 0.6 м-KCl, reacted 
very fast with HEDD; afterwards the reaction proceeded slowly so that 
the endpoint was reached only after about 2 hr. The comparison of 
several tropomyosin preparations showed that the rates of the reaction 
of the accessible SH groups seemed mot to depend oin the fact whether 
tropomyosin was purified once or twice, or stored in dried form.

On the other hand, several factors decreased the number of reacting 
SH groups. One of them was the time of storage of aloohol-ether muscle 
powder itself. Table 1 shows that when tropomyosin was extracted from 
an alcohol-ether dried muscle powder .stored for about a year the values 
of SH groups found both in the presence and in the absence of urea 
were markedly decreased. The decrease in SH groups content was simi
larly observed between preparations purified once and twice. Moreover, 
the number of SH groups available to HEDD have also continuously 
decreased when tropomyosin was stored in dehydrated form (Fig. 2).

In all cases, however, independently of the number of SH groups 
found in a given tropomyosin preparation, the same characteristic feature

Time oF storage (days)

Fig. 2. T he in flu en ce  o f th e  s to rag e  o f  d e h y d ra te d  tro p o m y o sin  o n  th e  co n te n t of 
SH  groups. O u tlin ed  sym bols co rresp o n d  to  th e  tro p o m y o sin  p re p a ra tio n  w h ich  
a f te r  th e  second p u rif ic a tio n  cycle w as d r ie d -d o w n  and  s to re d  a t 2°. O n th e  d ay s 
in d ic a te d  in  th e  F ig u re  sam ples o f  th is  p re p a ra tio n  w e re  d isso lved  an d  th e  SH  
co n ten t w as m easu red . T he d e te rm in a tio n s  o f SH  g roups w e re  p e rfo rm ed  as 
d e sc r ib ed  in  th e  legend  to  Fig. 1. F in a l co n cen tra tio n  of tro p o m y o sin  0.2 - 0.5 m g./m l. 
S o lv en t: (Л ), w a te r ; (О), 0 .6 m-K C 1; (□ ); 6 м-u rea . F o r  co m p ariso n  th e  co n ten ts  
o f  SH  g roups in  th e  sam e tro p o m y o sin  p re p a ra tio n  a f te r  th e  f i r s t  p u rif ic a tio n  
cycle  i(filled-in  sym bols) an d  a f te r  th e  second p u rif ic a tio n  cycle (h a lf-f ille d -in

sym bols) a r e  a lso  p re sen ted .
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was observed. The lowest number of SH groups reacted with HEDD in 
the absence of salt; the number was always higher in 0.6 м-KCl and was 
the highest in urea (Fig. 1, Table 1).

T a b l e  1

The amount of SH groups in various preparations of tropomyosin
T h e  d e te rm in a tio n  o f SH g roups w as p e rfo rm e d  as d e sc rib ed  in  th e  leg en d  to  
F ig . 1. F in a l co n cen tra tio n  of tropom yosin  0.20 - 0.50 m g./m l. N u m b e r o f SH  eq u i

v a len ts  ex p ressed  p e r 105 g. p ro te in , is g iven.

Time of 
storage of 
alcohol- 

ether 
muscle 
powder

Preparation

Solvent

h 2o 0.6 м-KCl 6 м-urea

Two Once purified 3.00 3.27 3.60
weeks Twice purified 2.87 3.00 3.40

Dried-down powder 1.85 2.03 2.80

About Once purified 2.00 2.25 2.80
one Twice purified 0.88 0.98 1.47
year Dried-down powder 0.59 0.81 1.05

All the above experiments showed that the storage of alcohol-ether 
muscle powder before extraction of tropomyosin, a single or two-fold  
purification of tropomyosin, or the storage of the preparations in dehy
drated form, caused the decrease of SH groups. Therefore in the next 
series of experiments the duration of the whole procedure, starting 
from the preparation of alcohol-ether dried muscle powder up to the 
dialysis of the salted out tropomyosin against water, was reduced to- a m i
nimum. Table 2 shows that in  this case the value of up to 5.7 SH equi
valents per 105 g. of protein was found in the presence of urea after 
a single purification cycle. Correspondingly, up to- 4.5 and about 3.0 SH 
equivalents per Г05 g. of tropomyosin have been found in the presence 
and in the absence of KC1, respectively. After the second purification 
cycle the number of SH groups being determined in the presence of urea 
dropped to 3.5 - 4.4 SH equivalents per 105 g. of protein.

Heat denaturation of tropomyosin led to some decrease of the number 
of SH groups reacting with HEDD, especially in the presence of urea 
(Table 3). The decrease was relatively smaller in tropomyosin redissolved 
from alcohol-ether powder; in this case the value found after 20 min. 
of incubation at 100° was similar to that of twice purified tropomyosin.

Regardless of the number of free SH groups found in particular 
tropomyosin preparations the viscosity was always nearly the same. 
Table 4 and Fig. 3 show that the dehydration procedure or duration
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T a b l e  2

The content of SH groups in tropomyosin from freshly prepared alcohol-
-ether muscle powder

The d e te rm in a tio n  of SH  g ro u p s w as p e rfo rm ed  as d e sc rib ed  in th e  leg en d  to  F ig . 1. 
T he tim e  b e tw een  th e  k il lin g  o f th e  ra b b it and  th e  d e te rm in a tio n  o f SH  g ro u p s 
a f te r  a  sing le  p u rif ic a tio n  cycle ,w as tw o  and  a  h a lf  days. I t  in c lu d ed  2 hr. o f  e v a 
p o ra tio n  o f a lc o h o l-e th e r  fro m  th e  m uscle  pow der, tw o -fo ld  2 h r. e x tra c tio n  of th is  
p o w d er w ith  1 м -K C l an d , a f te r  p re c ip ita tio n  a t iso e lec tric  p o in t an d  f ra c tio n a tio n  

w ith  (N H 4)2S 0 4 , e x te n s iv e  d ia ly sis  fo r 20 h r.
N u m b er o f SH  eq u iv a le n ts  exp ressed  p e r 105 g. p ro te in , is g iven.

No. Preparation
Solvent

h 2o 0.6 м-KCl 6 м-urea

4 Once purified 3.1 3.5 5.6
5 3.1 4.4 5.7
7 3.2 4.5 5.6
8 3.0 4.3 5.2
9 3,1 4.1 5.3

4 Twice purified 1.3 2.0 3.1
5 2.4 3.1 3.7
7 1.6 2.8 4.3
8 2.4 3.1 4.3

9 2.6 3.3 4.4

T a b i c  3

The influence of heat denaturation on content of SH groups
in tropomyosin

T he so lu tions o f tropom yosin  in  w a te r  w ere  h ea te d  .in a bo iling  w a te r  b a th . A f te r  
rap id  cooling, SH  groups c o n ten t w as d e te rm in e d  as d esc rib ed  in th e  leg en d

to Fig. 1.
N u m b e r o f SH eq u iv a len ts  ex p re ssed  p e r 105 g. of p ro te in , is given.

No. Preparation

Solvent
н 2о 6 м-urea

Control,
unheated

Time of heating 
(min.)

Control,
unheated

Time of heating 
(min.)

5 20 5 20

7 Twice purified 1.6 1.2 1.2 4.3 3.6 3.0
8 2.4 1.7 1.4 4.3 3.5 3.2
9 2.6 2.6 2.2 4.4 3.4 3.1

Dried-down
8 powder 1.9 1.7 1.4 3.3 3.3 3.0
9 2.0 2.0 2.0 3.1 2.8 2.7

[5 ]
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Fig . 3. T he in flu en ce  o f  s to rag e  o f d e h y d ra te d  tropom yosin  on  th e  v iscosity  o f 
its  so lu tions. D e h y d ra te d  tropom yosin  p re p a ra tio n  (the sam e as th a t  u sed  in  th e  
e x p e rim e n ts  p re se n te d  in F ig . 2) w a s  s to red  a t  2°. On th e  d ay s  in d ica ted  in th e  
F ig u re  sam p les  o f th is  p re p a ra tio n  w e re  d isso lv ed  in  w a te r  an d  th e  v iscosity  w as 
m e a su re d  in 3 m l. a liq u o ts  as d e sc rib ed  in  th e  leg en d  to  T ab le  4. T ropom yosin  
d isso lv ed  in w a te r : (Д ), in  th e  p resen ce  an d  (£ ) ,  in th e  absence  of HEDD. 
T ropom yosin  d isso lved  in  О .бм К С І: (О), in th e  p resen ce  and  ( • ) ,  in th e  absence  

o f H ED D. F in a l co n cen tra tio n  o f  tro p o m y o sin : 0.2 - 0.5 m g./m l.

F ig . 4. T h e  in f lu en ce  o f HEDD on  th e  v iscosity  o f  tro p o m y o sin  a t v a rio u s  con
c e n tra tio n s  o f KC1. V iscosity  w as m e a su re d  in  3 m l. sam p les w h ich  consisted  of 
tro p o m y o sin  a t th e  f in a l co n cen tra tio n  o f 0.35 m g./m l., 1.3 т м -tris  b u ffe r , pH  7.0, 
KC1 a t  co n cen tra tio n s  show n in. th e  F ig u re , w ith  o r  w ith o u t 3.3 X 10—* m-HEDD. 
In  th e  so lu tions o f tro p o m y o sin  co n ta in in g  H ED D  a p a r t ia l  p re c ip ita tio n  of th e  
p ro te in  w as  o b se rv ed  a t c e rta in  co n cen tra tio n s  o f  KC1. T he p re c ip ita tio n  s ta r te d  
to  o c c u r  a t  0.01 m-K'CI, i t  reach ed  its m ax im u m  a t 0.1 м-K C i (at th is  co n cen tra tio n  
u p  to  20%  o f p ro te in  p rec ip ita ted ), an d  d ecreased  w ith  a fu r th e r  in c rea se  o f KC1; 
e v e n tu a lly  a t  0 .4 m -K C 1 co n cen tra tio n  no p re c ip ita tio n  took  p lace  a t all. In  cases 
w h en  in  th e  p re sen ce  o f H ED D  a p a r t ia l  p re c ip ita tio n  o f  p ro te in  took  p lace  th e  
p re c ip ita te s  w e re  cen tr ifu g ed  off and  th e  v iscosity  w as m e a su re d  in su p e rn a ta n ts . 
F o r  th e  c a lc u la tio n s  o f red u ced  v iscosity  a co rrec tio n  w as m ade fo r th e  am o u n t 
o f  p re c ip ita te d  p ro te in . V iscosity  o f tro p o m y o sin : (O), in th e  p resen ce  and  (# ) ,  in

th e  absence  o f H ED D.
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of storage of tropomyosin powder have no influence on the viscosity 
either in  the absence or in the presence of 0.6 м-KCl. On the other hand, 
in the presence of HEDD the viscosity appeared to- be increased; this 
increase of viscosity occurred immediately after addition of HEDD. In the 
absence of HEDD the viscosity of tropomyosin diminished continuously 
when the concentration of KC1 was increased from 0 to 0.6 m (Fig. 4); in 
contrast, in the presence of HEDD a considerable decrease of viscosity 
was observed only after addition of 0.01 м-KCl and the subsequent 
increase of the concentration of salt had no effect on the viscosity.

T a b l e  4
The comparison between the viscosity of tropomyosin and the number 

of SH groups reacting with HEDD
T he d e te rm in a tio n  of SH  g ro u p s w as p e rfo rm ed  as described  in th e  legend  to F ig . 1. 
V iscosity  w as m easu red  in  3 m l. sam p les consisting  of 1 m l. of tro p o m y o sin  so lu tion  
in w a te r  o r  in 0.6 м -K C l, an d  2 ml. o f 2 т м -tr is  b u ffe r, pH  7.0, w ith  o r  w ith o u t

5 X 10- 4 м -HEDD.

Number of SH Eq. 
per 1 0 5 g. protein

Reduced viscosity

No. Preparation Solvent Solvent

h 2o 0.6 м-KCl h 2o
h 2o  +
HEDD 0.6 м-KCl

0.6 м-KCl 
+  HEDD

4 Twice purified 1.3 1.9 6 .6 13.2 0.5 1.4
5 Twice purified 2.4 3.1 7.0 13.9 0 .2 0 .8

5 Dried-down powder 1 .6 2 .8 7.6 15.2 0.3 0.5

7 Dried-down powder 0.5 0.9 7.6 13.4 0.3 0 .6

8 Twice purified 2.4 3.1 7.2 13.4 0 .8 2 .0

9 Twice purified 2 .6 3.3 6 .8 18.1 0.7 3.1

T a b l e  5

The effect of various reagents on the viscosity of tropomyosin
To 1 m l. of tropom yosin  so lu tio n  in w a te r  o r  in 0.6 м -K Cl, 2 ml. of 2 т м -tr is  b u ffe r , 
pH  7.0 (alone o r  w ith  in d ica ted  re a g e n ts  a t th e  co n cen tra tio n  o f 5 X 10—4M) w as  
added  and  th e  v iscosity  w as m e a su re d . F in a l co n cen tra tio n  o f tro p o m y o sin

0.20 - 0.50 m g./m l.

Reduced viscosity

Control Methylmercuric
hydroxide

V-Ethylmaleimide Salyrgan

H20 0.6M-KC1 h 2o 0.6 м-KCl h 2o 0.6 м-KCl h 2o 0.6 м-KCl

8 .8 0 .6 1 1 .2 0 .2 11.3 0 .2 8 .8 0 .2

6 .2 0.5 10.5 0.3 12.5 0.3 10.7 0 .2

6 .6 0.5 11.7 0.4 1 2 .6 0 .2 8 .8 0.3
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The increase of viscosity of tropomyosin solutions in water took place 
not only in the presence of HEDD but also, although to a smaller degree, 
after addition of methylmercuric hydroxide or N-ethylmaleimide and to 
some degree iin the presence of salyrgain at the same molar concentra
tions. In the presence of 0.6 M-KC1, however, these three reagents caused 
a decrease in viscosity (Table 5).

DISCUSSION

Tropomyosin isolated from rabbit skeletal muscle has been found 
to contain, according to amino acid analysis [2, 9], about 6.5 half-cystine 
equivalents per 105 g. Previous studies of Komin'z et al. [9] failed to  
detect any free SH group in tropomyosin but the subsequent investiga
tions of these authors [10], performed in modified conditions, showed 
the presence of 3 titratable SH equivalents per 105 g. protein. Later on 
Szent-Gyórgyi et al. [12] found a similar value using amperometric titra
tion both in the absence and in the presence of 8 м-urea; on this basis 
they have postulated that two SH groups per one tropomyosin molecule 
are free and the two other form a disulphide bridge.

The value of 5.7 SH equivalents per 105 g. of protein obtained in the 
present study in once purified tropomyosin is much higher than the 
number of SH groups previously found by Komiinz [10] and Szent-Gyor
gyi [12]. This value is close to the number of half-cystine residues deter
mined by amino acid analysis [9] which corresponds to about 4 half- 
-cystine residues per one tropomyosin molecule. It does not seem likely 
that certain impurities, which might still be present in tropomyosin pre
parations after the first purification cycle, are responsible for such a high 
content of SH groups. Hence, it seems rather probable that the native 
tropomyosin molecule contains four free SH groups and no disulphide 
bridges l. This view is in agreement with the earlier results of Locker [11] 
who, after oxidation of tropomyosin with performic acid, was not able 
to find any changes in physico-chemical properties of tropomyosin mo
lecule which should be observed if the disulphide bridge were present. 
Chang & Tsao [4] also- found that the helical content of tropomyosin 
molecule decreased only slightly after oxidation.

From all the SH groups present in the tropomyosin molecule two' seem  
to be extrem ely susceptible to auto-oxidation, possibly due to favorable 
steric conditions. This is probably the reason why in the tropomyosin

1 A f te r  th is  p ap e r had  been  fin ished , a r e p r in t  o f th e  p a p e r  o f P. H. 'Pei,
С. I. S u n  & N. C. L in, p u b lish ed  in  A c ta  B ioch im . S in ica  1, 287, 1958 w as o b ta in ed  
by  us. As th e  p a p e r  iis w r it te n  in  C hinese w e do n o t k n o w  an y  d e ta ils  o f  th e  
p ro ced u re ; i t  follow s, how ever, from  th e  E ng lish  a b s t ra c t  th a t  in th e  p resence  
o f ED TA  fo u r  SH  g roups in tropom yosin  m olecu le  h av e  been  found  to re a c t 
w ith  PCM B. - - ,
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preparations only about two SH equivalents per mole have been usually 
detected. Two other SH groups seem also to be, partly at least, sensitive 
to auto-oxidation. Hence a considerable decrease of the groups content 
has been observed in the present study during prolonged storage of 
alcohol-ether dried muscle powder or of dried tropomyosin preparations. 
A similar phenomenon was previously observed during storage of oxy- 
haemoglobin [7].

The results of Kominz et al. [10], confirmed by the observations in the 
present study, showed that the oxidation of SH groups of tropomyosin 
was much more pronounced in the presence of traces of heavy metals 
which might be introduced with commercial ammonium sulphate used 
for fractionation. The strongly catalysing effect of traces of iron or copper 
on the oxidation of protein SH groups by molecular oxygen is well known 
in protein chemistry [cf. 3].

Incubation of tropomyosin solution at 100° does not result in the 
rendering of all SH groups accessible to HEDD, as it was found for 
instance with actin [5]; on the contrary, heating of tropomyosin causes 
a decrease of the number of reacting SH groups. It seems, in agreement 
with what was mentioned above, that also in this case two SH groups of 
tropomyosin molecule become rapidly inaccessible to HEDD. During heat 
denaturation either oxidation of these tw o SH groups takes place, a phe
nomenon similar to that observed with carboxyhaemoglobin [1], or the 
random coil structure formed after denaturation makes some of SH 
groups inaccessible to HEDD. The appearance of such new unfavourable 
steric conditions is plausible because the number of SH groups reacting 
with HEDD after heat denaturation is higher in the presence than in the 
absence of urea (Table 3).

The oxidation of SH groups in tropomyosin molecule seems to be at 
least partially reversible. Preliminary experiments have shown that 
when a tropomyosin solution prepared from a dried-down powder kept 
for a long period of time was treated with 1 m м-glutathione and next 
precipitated at the isoelectric point, in order to remove the excess of 
glutathione, the number of SH groups found subsequently was higher 
than in the control untreated solution.

In concentrated urea solution, when according to Chang & Tsao [4] the 
tropomyosin molecule becomes unfolded, all SH groups react with HEDD, 
similarly as in the case of actin [5]. In the absence of urea not all SH  
groups react with HEDD. It seems reasonable to assume that the steric 
hindrance is a primary reason of the inaccessibility of a part of SH groups. 
Thus, only about 3 SH equivalents per molecule react in 0.6 м-KCl, in 
conditions when tropomyosin remains practically in the form of mono
mers [2]. In the absence of KC1, when tropomyosin is in a polymerized 
form, an additional SH group in the m olecule becomes inaccessible to 
HEDD. This effect may be due to the changes in steric conditions after

19]
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aggregation of tropomyosin molecules. The possibility, however, cannot 
be excluded that this one SH group might be in some way involved 
in polymerization process.

The view that SH groups of tropomyosin may be involved in the poly
merization of this protein was recently postulated by Chang & Tsao [4]. 
Their assumption was based on the observations that blocking of SH 
groups by metal ions or by organic mercurials, or oxidation of SH groups 
with performic acid markedly retarded the polymerization process. The 
results of the present study indicate that the partial auto-oxidation of SH 
groups of tropomyosin seems to have no influence on the viscosity of 
this protein. On the other hand it was observed, somewhat unexpectedly, 
that HEDD, N-ethylmaleimide, as well as some organic mercurials, led 
to the increase of viscosity of tropomyosin in the absence of salts. Much 
more work is, however, needed before these observations, as well as 
those of Chang & Tsao [4], would be properly explained.

The authors wish to thank Prof. Dr. W. Niemierko for his interest 
and criticism in the course of this work and Dr. S. Bitny-Szlachto for 
preparation of HEDD.

SUMMARY

The number of SH groups in tropomyosin has been determined using 
/?-hydroxyethyl-2,4-dinitrophenyl disulphide (HEDD). The sulphydryl 
groups of tropomyosin seem to be easily auto-oxidizable. In conditions 
in which auto-oxidation of the SH groups was reduced four SH groups 
per molecule of tropomyosin were found to react with HEDD in the 
presence of 6 м-urea. In the absence of urea the number of SH groups 
accessible to HEDD amounted to three and to two, respectively, when 
tropomyosin was dissolved in О.бм-KCl or in water.
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B A D A N IA  N A D  G R U PA M I SU LFH Y D R Y LO W Y M I TR O PO M IO ZY N Y

S t r e s z c z e n i e

O znaczano ilość g ru p  SH  w  tro p o m io zy n ie  p rzy  użyciu  d w u sia rczk u  /?-hydro- 
k sy e ty lo -2 ,4 -d w u n itro fen y lo w eg o . G ru p y  SH  tropom iozyny  w y d a ją  s ię  ła tw o  p o d 
legać autooksydacjii. W w a ru n k a c h , w  k tó ry ch  au to o k sy d ac ja  g ru p  SH b y ła  z re d u 
kow ana  do  m in im um , cz te ry  g ru p y  SH n a  cząsteczkę  tropom iozyny  reag o w ały  
z HEDD w  obecności 6 м -m ocznika. W n ieobecności m oczn ika trzy  g rupy  SH  by ły  
d ostępne  d la  HEDD, gdy tro pom iozyna  b y ła  rozpuszczona w 0.6 м -K C l, a dw ie , gdy 
b ia łko  było w  roztw orze  w odnym .

R eceived  23 Ju ly  1964.
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DETERMINATION OF ACTIVITY OF NUCLEOTIDE 
PYROPHOSPHATASE

D ep a r tm en t o f B io c h e m is try  and D ep a rtm en t o f G eneral C h em is try ,
C ollege o f A g ricu ltu re , P oznań

The activity of widely occurring nucleotide pyrophosphatase is 
usually measured by spectrophotometric [7] or manometrie [1] 
determination of the decomposed nicotinam.ide-ad.enme dinucleotide. 
Other nucleotide coenzymes also have been used as substrates, i.e. 
fliavin-adenime dinucleotide [7], coenzyme A [13], uridine diphosphate 
glucose [14] and adenosine diphosphate ribose [6].

Nucleotide coenzymes are decomposed not only by pyrophosphatase 
but also by other enzymes; therefore, especially when working with 
crude extracts, it is necessary to supplement the determinations by an 
analysis of the products formed.

Great advances in chemical synthesis of asymmetric esters of pyro- 
phosphoric acid have been made during the last «ten years as a result 
of the works of Todd, Cramer and Khorana, and it became possible to 
use synthetic substrates for the determination of pyrophosphatase 
activity.

In the present work, the synthesis of P 1-adenosine-JP2-phenylpyro- 
phosphoric acid (ADPPhen) is described. This compound is hydrolysed 
by nucleotide pyrophosphatase to adenosine-5 '-monophosphate (AMP) 
and monophenylphosphate (PPhen). PPhen formed can be hydrolysed 
by the addition of a phosphatase and the amount of phenol determined; 
in this way the activity of pyrophosphatase can be calculated from the  
amount of phenol released.

EXPERIMENTAL 

Chemicals and substrates

AMP used for synthesis was a Nutritional Biochemicals Corp. (Cleve
land, Ohio, U.S.A.) product. Other chemicals were purchased from  
Fabryka Odczynników Chemicznych (Gliwice, Poland).

R. KURNATOWSKI

http://rcin.org.pl



7 4 R. K U R N A T O W S K I [2 ]

N,N'~Dicyclohexylthiourea (m.p. 182°) was prepared according to 
Lowenstein [8].

iV,iV'-Dicyclohexylcarbodiimide (DCC) was prepared according to 
Schmidt & Hitzler [171 by collecting the fraction boiling at 154- 
156°/11 mm. Hg.

■N-Cyclohexylamide of AMP (CAMP) was prepared by the method 
described by Moffat & Khorana [10] for the synthesis of nucleoside- 
-S'-monophosphoromorpholidate: 0.365 g. of AMP • H20  (1 m-mole) was 
dissolved in a mixture consisting of 10 ml. of tert.-butanol, 1 ml. of water, 
and 4.8 ml. (0.3967 g., 4 m-moles) of cyclohexylamine (d, 0.8191) and 
heated on a water bath under reflux with constant mixing, using an 
electromagnetic stirrer. To this m ixture 0.8253 g. (4 m-moles) of DCC 
dissolved in 15 ml. of tert.-butanol was added dropwise. Vigorous stirring 
of the reaction mixture permitted to obtain a 100% yield and to limit 
the duration of this step to 1 hr. Then the mixture was heated for 
a further 15 min. and the alcohol was distilled off under normal and 
then under reduced pressure. The almost dry, gummy residue was 
transferred to a flask, added with 20 ml. of water and stirred to dissolve 
CAMP; then the insoluble dicyclohexylurea was filtered off and the 
flask was washed twice with 2.5 ml. of water. The aqueous solution of 
CAMP was extracted three times with 50 ml. of ethyl ether, the first 
portion being reextracted with 5 ml. of water. The water phase was 
evaporated to dryness on a water bath under reduced pressure. The 
white crystalline mass obtained was dissolved in methanol, transferred 
to a 50 ml. centrifuge tube, and methanol was evaporated to about 3 ml.; 
then 40 ml. of dry ethyl ether was added. The precipitate was centri
fuged, washed twice with 30 ml. of ether and dried in vacuo over P2O5 
at room temperature. The CAMP was obtained as N ,N' ,N"-tricyclohe-x.yl- 
guanidinium monohydrate salt, yield 99.2%. (Found: H20 , 2.32; N, 16.78; 
P, 3.92%; calculated for C35H6o06N9P • H20: H20 , 2.39; N, 16.77; P, 4.12%). 
Paper chromatography revealed the presence of two spots: CAMP 
(Rf 0.52) and guanidinium base (RF 0.90) released during chromato
graphy [10].

Monophenyldichlorophosphoric acid was prepared according to 
Jirousek [5] by collecting the fraction boiling at 116 - 118°/16 mm. Hg.

Monophenylphosphoric acid (PPhen) was prepared by hydrolysis of 
100 g. of monophenyldichlorophosphoric acid by the addition of 20 g. 
of ice. The mixture, which became warm during hydrolysis, was cooled 
and the white mass obtained was filtered and crystallized from chloro
form as plates, m.p. 99.5°, RF value 0.27.

Synthesis of P ̂ ad enosine-P 2-pheny lpy rophosphor i с acid (ADPPhen) 
was performed by a modification of the method of Moffat & Khorana 
[10] for obtaining ADPPhen from N-substituted AMP-phosphoramidates. 
One m-mole (0.734 g.) of tricyclohexylguanidinium salt of CAMP, dried
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at 100- 105°, was twice dissolved in 5 ml. of pyridine (dried with BaO) 
and evaporated under reduced pressure. Then 4 m-moles (0.694 g.) of 
P'Phen (dried in vacuo over P2O5) was added and traces of water were 
removed by three-fold evaporation from 5 ml. of pyridine under reduced 
pressure. The gummy residue was adjusted with 0.2n-HC1 to pH about 
6.5 and the sediment of guanidi.nium hydrochloride was filtered off 
and washed twice with small portions of water. The filtrate was added 
with acetone, the precipitate was centrifuged and dissolved in a small 
amount of dry methanol, and again added with acetone; the precipitate 
formed was washed twice with acetone and dried in vacuo over P2O5 at 
room temp. The diihydrate of ADPPhen was obtained (found: H20 , 6.20; 
N, 12.66; P, 11.09%; calculated for C16H19O|0N5P2 • 2 H20: H20 , 6.68; 
N, 12.98; P, 11.48%). On paper chromatogram one spot with R F 0.32, 
characteristic for ADPPhen [10] was found.

Even the crude product contained no AMP; this seems to be due to 
high reactivity of CAMP in the formation of the pyrophosphate bond 
with PPhen, and to the large excess of PPhen. Under these conditions 
it was possible to limit the purification of ADPPhen to the removal of 
the guanidinium base and of PPhen by acetone extraction. The reaction 
of CAMP occurred immediately after the addition of PPhen showing 
that the reactivity of CAMP was greater than that of the N-substituted 
AMP-phosphoramidates described by Moffat & Khorana [10].

Cobinamide phosphate and guanosine pyrophosphate cobinamide 
were prepared in our Laboratory by J. Pawelkiewicz from cultures of 
P. shermanii [15].

Enzymes and activity determinations

Alkaline phosphatase from calf intestine was a Sigma (St. Louis, 
Miss., U.S.A.) product.

Acid phosphatase was prepared from potato by ammonium sulphate 
fractionation according to Naganna et al. [12]; the fraction used contained 
40 enzymic units per 1 ml.

Potato nucleotide pyrophosphatase was prepared from “Dary” potato 
according to Kornberg & Pricer [7]. The fraction after the first adsorption 
on phosphate gel (prepared after [2]) was used. For tobacco nucleotide 
pyrophosphatase determination, the mitochondrial fraction from the roots 
of Nicotiana tabacum L. Virginia Joyner, at the stage before flowering 
of the plants, was used. The homogenate and mitochondrial fraction 
were prepared by the method of Clayton & Hanselman [1]. Lupin pyro
phosphatase was prepared from roots of two' to four-week-old plants 
of bitter yellow  lupin, according to Hasse & Schleyer [4]. The fraction 
precipitated by 0.35 (NH4)2S 0 4 saturation was used.

The activity of acid phosphatase was determined in 0.1 м-acetate 
buffer, pH 5.0, and of alkaline phosphatase in 0.05 м-carbonate buffer,
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pH 9.5, in either case 0.02 м-solution of PPhen, adjusted with NaOH 
to pH 7, being used ais substrate. The composition of the samples was: 
2 ml. of buffer solution, 0.25 ml. of PPhen, and 0.25 ml. of phosphatase 
solution. The samples were incubated for 30 min. at 38°, then added 
with 0.5 ml. of 10% trichloroacetic acid (TCA). To the control sample, 
phosphatase was added after incubation and TCA addition. The preci
pitated protein was centrifuged off and phenol was assayed in the clear 
supernatant by the Folin method of Lowry et al. [9]. The unit of activity 
for alkaline and acid phosphatase was defined as that amount of enzyme 
which caused the release from PPhen of 1 umole of phenol per 1 hr. 
at 38°.

To test the activity of the nucleotide pyrophosphatase preparations 
studied, a natural substrate, guanosine pyrophosphate cobinamide was 
used. One ml. (about 20 ц-g.) of the solution of this compound was 
incubated for 4 hr. at 38° with a mixture of 1.0 ml. of 0.1 м-Na-phosphate 
buffer, pH 7.5, and 1.0 ml. of pyrophosphatase solution. To the control 
sample, the enzyme inactivated by boiling was added. After incubation, 
the substrate and hydrolysis products were isolated and assayed 
according to Pawelkiewicz et al. [16]: guanosine pyrophosphate cobin
amide, phosphate cobinamide and cobinamide were separated by 
descending chromatography oin Whatman no. 2 paper with the solvent 
system of butan-l-ol - propan-2-ol - 5% HCN solution -  water - 1 м-acetic 
acid (100:70:3:97:1, by vol.), and by electrophoresis on Whatman no. 3 
paper with 0.01% NaCN in 1 м-acetic acid. The results indicate that 
after 4 hr. incubation with nucleotide pyrophosphatase preparations, 
guanosine pyrophosphate cobinamide was completely hydrolysed to 
cobinamide phosphate and guanosine monophosphate, in agreement with  
the observations of Pawelkiewicz [16] on snake venom pyrophosphatase.

The phosphatase preparations used in the present work hydrolysed 
cobinamide phosphate to cobinamide and inorganic phosphate.

PPhen, AMP, CAMP, ADPPhen and guanidimium bases were 
determined by descending chromatography on Whatman no. 1 paper 
using the solvent system  of propan-2-ol - ammonium hydroxide (d, 0.9) - 
-w ater  (7:1:2, by vol.). The chromatograms were dried, sprayed with 
0.5% ninhydrin solution in butan-l-ol and dried again at 90° for 20 min.; 
the appearing spots were of a blue-violet colour and showed high 
absorbancy in UV-light.

Phosphorus was assayed according to Fogg & Wilkinson [3]. Nitrogen 
and protein concentrations above 0.1 mg./ml. were determined by the 
Kjeldahl method. Phenol and protein at concn. below 0.1 mg./ml. were 
determined by the Folin method of Lowry et al. [9]. A Pulfrich photo
meter provided with an Elpho equipment and K 66 filter was used.
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RESULTS AND DISCUSSION

Determination of nucleotide pyrophosphatase activity using ADPPhen
and phosphatase

The following final procedure was established; To 1 ml. of 0.1 м-Na- 
-phosphate buffer, pH 7.5, was added 0.25 ml. of 0.02 m - ADPPhen
(adjusted with NH4OH to pH 7.0) and 0.25 ml. of pyrophosphatase
solution (about 5 units). In the control sample, pyrophosphatase was 
omitted. Samples were incubated for 30 min. at 38°. If alkaline phos
phatase was to be used, the samples were added with 2 ml. of
0.05 м-carbonate buffer, pH 10.5 (resulting in an increase of pH to 9.5),
and then 0.25 ml. (10 units) of alkaline phosphatase solution to hydrolyse 
the PPhen formed. After incubation for 30 min. at 38°, 0.5 ml. of 10°/o 
TCA was added, and then to the control sample also 0.25 ml. of pyrophos
phatase solution. The precipitate formed was centrifuged off and phenol 
was determined in the clear supernatant by the Folin reagent, the colori
meter being adjusted to zero for the control sample. When acid phos
phatase was to be used for PPhen hydrolysis, the incubated samples 
were boiled, cooled under tap water, and added with 2.0 ml. of
0.1 м-acetate buffer of pH 4.0 (the pH of the sample then decreasing 
to 5.0), and 0.25 ml. (10 units) of acid phosphatase solution. Then it was 
incubated for 30 min. at 38°, deproteinized with TCA, and the amount 
of phenol determined by the Folin reagent.

When small amounts of protein were present in the sample, the 
phosphatase activity could be stopped by addition of HC1 or NaOH, but 
if protein was present in greater amount it interfered with phenol 
estimations and had to be removed by TCA. Since many cations, except 
N a+ and NH4+, in concentrations exceeding 1 т м  form sediments with 
the Folin reagent, it was necessary to remove the interfering cations 
(e.g. with Na2C03) prior to phenol determination.

In all experiments the amount of phosphatase added was sufficient 
to hydrolyse such an amount of PPhen as could be theoretically released  
from ADPPhen present.

Non-enzymic hydrolysis of ADPPhen

The effect of time, temperature and pH was assayed in samples 
containing 5 fxmoles of ADPPhen, the amount of PPhen liberated being 
determined after hydrolysis with phosphatase (Table 1). When the 
sample of ADPPhen was kept for a week at 0 - 2 °  at pH 7.0, it was 
hydrolysed by 13% (0.66 цптоіе); when it was kept at 38° at pH 7.5, the 
amount hydrolysed within 24 hr. was 8% (0.4 цтоіе). The half-time of 
ADPPhen decomposition (Table 2) at 38° at pH values of 5.0 and 9.5 was, 
respectively, about 23 and 10 hr.
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T a b l e  1

Non-enzymic hydrolysis of ADPPhen in water solution
Expt. I: 0.02 м -aq u eo u s  so lu tion  of A D P P h en , n e u tra liz e d  w ith  N H 4O H  to  pH  7.0, 
w as k e p t a t  0 -2 ° .  E xp t. I I :  0.25 ml. of 0.02 м-A D P P h en  n e u tra liz e d  so lu tion  w as 
in cu b a ted  w ith  1.0 m l. o f 0.1 м -N a-p h o sp h a te  b u ffe r, pH  7.5. A t d e te rm in ed  tim e  

in te rv a ls  P P h e n  w as assayed  by a lk a lin e  p h o sp h a tase .
The re s u lts  a re  ex p re ssed  as nm oles o f p h en o l re leased  from  5 nm oles o f A D P P hen .

Time of incubation
Expt. I, pH 7.0, 

0 -2 °
Expt. II, pH 7.5, 

38°

0 0.09 0.09
30 min. — 0 .1 2

1 hr. 0.09 0.13
6  hr. 0 .1 0 0 .2 0

12  hr. 0 .1 2 0.34
24 hr. 0 .2 1 0.40

2  days 0 .2 1 —

4 days 0.24
6  days 0.54 —

7 days 0 .6 6

T a b l e  2

Half-time of non-enzymic hydrolysis of ADPPhen at 38°
To 1.0 m l. sam p les o f  0.1 м -a c e ta te  b u ffe r, pH  5.0, o r  0.05 м-ca rb o n a te  b u ffe r , pH  9.5, 
w as ad d ed  0.25 m l. o f  0.02 м -A D P P hen  so lu tion , pH  7.0. T he sam p les  w ere  in cu b a ted  
a t 38° an d  a t  d e te rm in e d  tim e  in te rv a ls  th e  P P h en  fo rm ed  w as e s tim a te d  by acid

o r  a lk a lin e  p h o sp h a ta se , resp .
The re su lts  a re  ex p re ssed  as nm oles of pheno l re lea sed  fro m  5 nm oles o f A D P P hen .

Time of incubation pH 9.5 pH 5.0

0 0 .1 0 0.08
10  min. 0.46 0 .1 2

2 0  min. 0 .6 6 0.13
30 min. 0 .8 8 0.18
45 min. 1.14 0 .2 0

1 hr. 1.36 0.26
2  hr. 1.62 0.40
3 hr. 1.74 0.67
6  hr. 1.94 0.96

10  hr. 2.36 1.32
12  hr. — 1.47
23 hr. — 2.32

The assays of non-enzymic hydrolysis indicate that the solution of 
ADPPhen of pH 7 kept at 0 - 2 °  is relatively stable. During incubation 
for 30 min. at 38° at pH 7.5 and 5.0 the amount of ADPPhen hydrolysed 
was but slight, while at pH 9.5 ADPPhen was hydrolysed by about 16%.
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Enzymic hydrolysis of ADPPhen

The effect  of nucleotide pyrophosphatase on ADPPhen. ADPPhen 
(5 mmoles) was incubated with nucleotide pyrophosphatase preparations 
from potato, tobacco and lupin in Na-phosphate buffer, pH 7.5, for 
30 min. at 38°. In the incubation mixture ADPPhen, AMP, and PPhen 
were found by paper chromatography. Analysis of the incubation 
mixture containing boiled enzyme preparation showed a much smaller 
amount of AMP and PPhen, their presence being due only to the non- 
-enzymic hydrolysis. In no- case the presence of free phenol was observed 
indicating that at pH 7.5 the preparations showed no phosphatase 
activity.

The effect  of phosphatases on ADPPhen. Ten units of alkaline or 
acid phosphatase were incubated with 0.25 ml. of 0.02 m - ADPPhen 
solution under the conditions described in Methods. In the control 
samples, containing phosphatases inactivated by boiling, ADPPhen, AMP, 
and PPhen were found by paper chromatography. In the samples 
containing active phosphatases, no PPhen was present and the amounts 
of phenol were the same as those released during 30 min. of non-enzymic 
hydrolysis of AD'PPhen at pH 9.5 and 5.0, resp. These results indicate

Fig . 1. pH  o p tim a  fo r  p o ta to  n u c leo tid e  p y ro p h o sp h a ta se  an d  fo r a lk a lin e  an d  
acid  p h o sp h a tases . A c tiv ity  o f acid  p h o sp h a tase  w as a ssa y e d  a t p H  4.0 - 7.5, o f 
a lk a lin e  p h o sp h a ta se  a t  p H  7.0 -10.4 , and  o f p y ro p h o sp h a ta se  a t  pH  4.0 -10.4. 
(O), A cid  p h o sp h a tase , w ith  P P h e n  as su b s tra te ; (®), a lk a lin e  p h o sp h a ta se , w ith  
P P h e n  a s  su b s tra te ; (Д ), n u c leo tid e  p y ro p h o sp h a ta se  from  p o ta to , w.ith A D P P hen

as su b s tra te .
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that neither of the phosphatase preparations tested was active towards 
ADPPhen.

pH optima. The aim of the experiments was to determine such pH 
values at which the activity of phosphatases used for nucleotide pyro
phosphatase activity determinations, is high and the pyrophosphatase 
is inactive. The optimum pH values (Fig. 1) in  agreement with the 
results of other authors, were for acid phosphatase pH 5.0 [12], for 
alkaline phosphatase pH 9.5 [11] and for potato- nucleotide pyrophos
phatase the optimum pH was 7.5 [7]. At pH 9.5 pyrophosphatase was 
inactive, while at pH 5.0 its activity amounted to' 50% of the maximum. 
At pH 7.5 both alkaline and acid phosphatases were inactive. The results 
for pyrophosphatases prepared from tobacco and lupin roots were similar 
to those for potato pyrophosphatase.

Inactivation of nucleotide pyrophosphatase. Since nucleotide pyro
phosphatase was inactive at pH 9.5, no other inactivation procedure 
except the change of pH was necessary before further incubation with  
alkaline phosphatase (Table 3). However, at pH 5 nucleotide pyrophos
phatase showed considerable activity and therefore it was necessary to 
inactivate the enzyme by boiling before incubation with acid phosphatase 
(Table 4).

T a b l e  3
Inactivation of nucleotide pyrophosphatase by changing the pH value 

A D P P h en  w as incu b a ted  w ith  p o ta to  n u c leo tid e  p y ro p h o sp h a ta se  in  s ta n d a rd  
cond itions. A fte r  30 rn'in. in cu b a tio n , 2.0 ml. o f 0.1 м -a c e ta te  b u ffe r , pH  4, w as added  
(pH  o f th e  sam p le  d ecreased  th e n  to 5) an d  0.25 m l. o f ac id  p h o sp h a ta se . To th e  
second sam p le  w as ad d ed  2.0 ml. of 0.05 м-ca rb o n a te  b u ffe r, pH  10.4 (pH o f  th e  
sam p le  in c reased  th e n  to  9.5) a n d  0,25 ml. o f a lk a lin e  p h o sp h a ta se . A fte r  30 min. 
in cu b a tio n , 0.25 ml. of 1 N -NaO H  o r 0.25 ml. o f 1 n - H C I ,  resp ., w as ad d ed  an d  
p h e n o l w as assayed . T he con tro l sam ples co n ta ined  p y ro p h o sp h a ta se  in a c tiv a te d

by boiling.
T h e  re su lts  a re  ex p ressed  as nm oles o f  lib e ra te d  p h en o l p e r  sam p le ; in p a ren th e se s

the  n e t increase  is g iven.

Inactivation of 
pyrophosphatase by

Determined by

acid phosphatase alkaline
phosphatase

Boiling
Control 0.28 0.42
Proper sample 2.02 (1.74) 2.15 (1.73)

Changing the pH to 5
Control 0 .1 1

Proper sample 2.42 (2.31)
Changing the pH to 9.5

Control 0.08 ,
Proper sample 1.82 (1.74)
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T a b l e  4

Inactivation of nucleotide pyrophosphatase by boiling
A D P P h en  w as in cu b a ted  w ith  p o ta to  n u c leo tid e  p y ro p h o sp h a ta se  in  s ta n d a rd  
cond itions fo r  30 m in . and  boiled. T hen  in one sam ple  th e  am o u n t o f re le a se d  
P P h e n  w as assayed  im m ed ia te ly  w ith  a lk a lin e  p h o sp h a ta se , a n d  in th e  second  
sam p le  a f te r  30 m in . In  th e  con tro l sam ples, p y ro p h o sp h a ta se  in a c tiv a te d  by b o ilin g

w as used.

Phenol liberated (pmoles per sample)

Sample
Control Proper

sample
Difference

Incubated for 30 
min. 0 .1 2 2.15 2.03

Incubated for 30 
min., boiled, incu
bated for further 
30 min. 0.34 2.38 2.04

The effect of boiling on pyrophosphatase activity and on nom-enzymic 
hydrolysis of ADPPhen was assayed by alkaline phosphatase just after 
boiling and 30 min. later, and the same activity of pyrophosphatase was 
found in both samples. The amount of ADPPhen hydrolysed non- 
-enzymically during boiling at pH 7.5 was small, being only about 10% 
of the value for enzymic hydrolysis.

The results presented indicate that when acid phosphatase was used 
for the determination of nucleotide pyrophosphatase activity, it was 
necessary to inactivate pyrophosphatase by boiling; when using alkaline 
phosphatase, it was sufficient to change the pH from 7.5 to 9.5.

Crude extracts of nucleotide pyrophosphatase contain usually a con
siderable admixture of acid phosphatase. This permits to demonstrate 
x*apidly the presence of pyrophosphatase by incubating the crude extract 
first with ADPPhen at pH 7.5 and then at pH 5.0.

T a b l e  5

The effect of ions on potato nucleotide pyrophosphatase activity  
A ctiv ity  of a sam p le  co n ta in in g  no added  ions w as ta k e n  as 100%.

Addition (0.5 т м ) Activity (%)

Mg2 + 1 0 0

Ca2+ 10 0

Mn2+ 90
Fe2+ 81
Co2+ 80
C N - 10 0

F - 65
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T h e  e f f e c t  o f  io n s  o n  th e  a c t i v i t y  o f  p o ta to  n u c l e o t id e  p y r o p h o s 
p h a ta s e .  Salt solutions were added to the incubation medium to final 
concentration of 0.5 шм. Cations interfering with the determinations of 
phenol by the Folin reagent were precipitated with 10% Иа2СОз solution. 
Since the ions added could influence both the activity of pyrophosphatase 
and phosphatase, the control sample after incubation at pH 7.5 was 
added with the respective ions to assure the same conditions for PPhen 
hydrolysis as in the proper sample. The results presented in Table 5 
are in agreement with those of Kornberg & Pricer [7].

SUMMARY

1. Adenosine-S'-monophosphate N-cyclohexylamide was prepared 
with 100% yield aind used for the synthesis of P 1-adenosine-P2-phenyl- 
pyrophosphoric acid (ADPPhen).

2. Nucleotide pyrophosphatase preparations from potato, tobacco and 
lupin hydrolysed ADPPhen to AMP and monophenylphosphate (PPhen) 
and were also active towards a natural substrate, guanosinepyrophos- 
phate cobinamide.

3. A method for the determination of nucleotide pyrophosphatase 
activity is described. The amount of PPhen liberated is determined 
from the amount of phenol released by acid or alkaline phosphatase.
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O ZN A C Z A N IE  A K T Y W N O ŚC I P IR O FO SF A T A Z Y  N U K LEO TY D O W EJ

S t r e s z c z e n i e

1. O trzy m an o  ze 100°/o w y d a jn o śc ią  N -cy k lo h ek sy lo am id  k w asu  5 '-ad en o zy n o - 
-m onotfosforow ego i uży to  go do  sy n tezy  k w asu  P 1-ad en o zy n o -P 2-fen y lo -p iro fo sfo ro - 
w ego (A D PPhen).

2. S tw ierdzono , że A D P P h en  je s t ro zk ład an y  n a  A M P  i m onofeny lo fo sfo ran  
(P P hen) p rzez  p re p a ra ty  p iro fo sfa tazy  n u k leo ty d o w ej z z iem niaków , ko rzen i ty to n iu  
i łu b in u ; p re p a ra ty  te  są a k ty w n e  rów n ież  w obec su b s tra tu  pochodzen ia  n a tu r a l 
nego, g u a no zy n o-pi ro t os fo ra n  u ko b in am id u .

3. O p racow ano  m etodę oznaczan ia  ak ty w n o śc i p iro fo sfa taz  nu k leo ty d o w y ch . 
M etoda po lega  na  o znaczen iu  ilości uw oln ionego  enzym atyczn ie  P P h en , z k tó rego , 
po  h y d ro liz ie  fo s fa tazą  a lk a liczn ą  lub  k w aśn ą , uw oln iony  fenol oznacza się o d czy n 
n ik iem  F o lina .

R eceived  29 Ju ly  1964.
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THE EFFECT OF IONIZING RADIATION ON THE ACTIVITY 
OF ADENOSINE TRIPHOSPHATASE IN MITOCHONDRIA 

OF RAT LIVER, SPLEEN AND HEART

D ep a r tm e n t  o f  R ad iob io logy  a n d  H e a l th  Protection , I n s t i tu te  o f  N uclear Research,  
Polish  A c a d e m y  o f  Sciences, W arsza w a

The inhibition of ATP synthesis induced by ionizing radiation may 
be regarded as one of the primary radiation effects, evoking further 
disturbances of many metabolic reactions. The existing evidence [22] 
indicates that the generation of ATP in the process of oxidative phos
phorylation in  mitochondria is coupled to three distinct sites of the 
electron transport chain. Although the general mechanism of ATP 
synthesis:

synthetase „
A  сѵэ X  + AD P + Pi —  A  + X  + A TP

is common for all three sites, it has been shown recently [26] that 
separate and site-specific coupling factors possessing ATP synthetase 
activity, are involved. ATP may be generated in the cell also- by other 
reactions and the question arises whether all of these reactions are 
equally impaired by radiation; the effect of radiation on reactions 
utilizing and/or degrading ATP should also be taken into account. The 
difference between synthesis o<f ATP and its utilization or hydrolysis 
in mitochondria is usually termed ATPase activity. In heart mitochondria 
this activity was found by Myers & Slater [13] to have three pH optima 
which was interpreted [22,25] as reflecting the presence of three 
different enzyme systems of ATP synthesis.

MATERIALS AND METHODS

Rats were killed by decapitation, organs removed and liver and 
spleen mitochondria were prepared according to Hogeboom [10]. Heart 
sarcosomes were prepared according to Cleland & Slater [6] in a medium  
composed of KC1, 0.115 m ; Na-phosphate buffer, 0.02m.*, and sodium  
versenate, 0.01 m ; phosphate being removed by two-fold washing with
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0.25 м-sucrose solution. The final suspension of mitochondria in 0.25 m - 
-sucrose solution used for experiments, corresponded to 100 mg. of tissue 
per 1 ml. of the suspension.

ATP disodium salt was purchased from L. Light & Co. Ltd. (Great 
Britain); in some experiments Myotriphos, the ATP preparation of Tar
chomińskie Zakłady Farmaceutyczne (Poland) was used. The chromato- 
grasphic analysis of Myotriphos has shown that beside ATP it contained 
also ADP, AMP and traces of inorganic orthophosphate; however, it was 
used without further purification since no difference was found between 
the two preparations in ATPase activity.

All other chemicals used were of analytical grade. Twice glass- 
-distilled water was used throughout.

Suspensions of freshly isolated mitochondria placed in an ice-bath 
were irradiated in vitro  with y-rays delivered from a 60Co source. The 
dose-rate in the irradiation chamber was approximately 1840 rads/min. 
The control, non-irradiated samples were kept in similar bath conditions.

Whole rats were irradiated in vivo  with Sfcabilipam X-ray apparatus 
operated at 160 kV and 15 mA. The radiation filtered through a 0.5 Cu 
filter gave at the distance of 60 cm. a dose-rate of approximately 
20 rtg./min. in air, as measured with the Siemens Universal Dosimeter. 
Rats to be irradiated were placed in an appropriate wooden box and 
a dose of 750 rtg. was applied. The rats were killed by decapitation 
15- 30  min., 24 or 48 hr. after exposure and mitochondria from studied 
organs were isolated immediately.

The activity of ATPase was assayed in irradiated and non-irradiated 
material in duplicate samples. The activity of the enzyme was expressed 
in м-moles of orthophosphate liberated per mg. of protein nitrogen or 
per 0.1 g. of wet tissue, during 1 hr. at 25°. The incubation mixture, 
according to Myers & Slater [13], consisted of: mitochondria equivalent 
to about 2 mg. of protein nitrogen; KC1, 75 тм; tris buffer, 50 т м , pH 5.0 
to 10.0; ATP disodium salt, 2 mM; MgCl2, 1 т м  and sodium versenate, 
0.7 т м ; final volume 1.5 ml. Samples were incubated for 15 min. at 25° 
and the reaction was stopped by adding 1.5 ml. of 10% TCA solution. 
The precipitate was centrifuged off and the inorganic phosphate (P,) 
was determined according to Fiske & Subbarow [8] in 1.5 ml. of the 
supernatant. Protein concentration in mitochondria was determined by 
the indirect biuret method [9] and occasionally checked by the 
determination of protein nitrogen by the Kjeldahl method.

RESULTS 

Irradiation in vitro

The activity of ATPase in irradiated mitochondria was assayed either 
immediately after irradiation or 24 hr. later, the mitochondrial 
suspensions being kept during this time at 2 to 4°. The irradiation of
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the liver, spleen and heart mitochondria (Tables 1, 3 and 4, resp.) with 
10 000, 30 000 and 40 000 rads had no effect on ATPase activity assayed 
at different pH values. The ageing of irradiated liver mitochondria for 
24 hr. did not result in marked changes in ATPase activity (Table 2). 
The observed differences of activity were not statistically significant.

The stimulating effect of 2,4-diniitrophenol (2,4-DNP) o:n ATPase 
activity was also tested on irradiated and non-irradiated liver and heart 
mitochondria (Table 5) and no differences in the stimulation were 
observed.

Irradiation in vivo

In liver mitochondria (Fig. 1) isolated from rats killed within 30 min. 
after irradiation, the activity of ATPase was lower than in the controls, 
the decrease being dependent on the pH of the incubation medium and 
most marked at pH 6.5 and 8.5. In animals killed 24 hr. after exposure, 
the activity of ATPase returned to normal values except for the 
determination made at pH 8.5 which showed a statistically significant 
increase. After 48 hr., the activity was at an approximately normal level 
at all pH values studied.

T a b l e  1

Effect  of y-irradiation on ATPase activity  in rat liver mitochondria

A T P ase  ac tiv ity  -was d e te rm in e d  a t in d ic a te d  p H  v a lu es . T he com ponen ts o f  th e  
in cu b a tio n  m ed ium  as d esc rib ed  u n d e r  M ethods. R esu lts  a re  ex p ressed  as nm oles 
of ino rgan ic  p h o sp h a te  lib e ra te d  fro m  A T P , p e r  mg. of p ro te in  p e r  1 h r., ±  S. D.

N u m b er o f d e te rm in a tio n s  in each  g ro u p  is in d ic a te d  in  p a ren th ese s .

pH
Non-irradiated,

control
(8 )

Irradiation dose (rad)

10  0 0 0  

(4)
30 0 0 0  

(4)
40 000 

(2 )

5.0 3.50 ±  0.59 3.09 ± 0.65 3.00 ±  0.71
5.5 4.12 ±  0.13 3.69 ±  0.52 — 5.35 ±  0.65
6 .0 4.18 ±  0.56 2.94 ± 1.02 2.97 ±  1.10 5.29 ±  0.88
6.5 5.60 ±  1.16 5.77 ± 0.88 4.73 ±  1.12 6.52 ±  0.84
7.0 4.41 ±  1.03 4.49 ± 0.65 3.76 ±  0.98 4.76 ±  0.84
7.5 4.65 ±  1.03 5.60 ± 0.40 4.42 ±  1.02 4.78 ±  0.90
8 .0 6.76 ±  1.70 6.36 ± 1.00 — 6.00 ±  0.76
8.5 6.85 ±  1.51 6.42 ± 0.96 5.55 ±  1.15 5.90 ±  1.01
9.0 6.46 ±  1.49 5.85 ± 1.12 — 6.19 ±  1.35
9.5 5.36 ±  1.17 4.79 ± 1.07 4.54 ±  1.10 5.98 ±  1.01

1 0 .0 4.36 ±  1.14 3.46 ± 0.73 — 5.03 ±  0.89
http://rcin.org.pl
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Effect  of ageing on ATPase activity in irradiated liver mitochondria

A ssays w ere  p e rfo rm ed  24 hr. a f te r  ex p o su re ; o th e r  co n d itio n s as in  T ab le  1. R esu lts  
a re  ex p ressed  as pm oles o f  in o rg an ic  p h o sp h a te  lib e ra te d  fro m  A T P , p e r  mg. o f 
p ro te in  p e r 1 hr., +  S. D. N u m b er o f d e te rm in a tio n s  in each  g ro u p  is in d ica ted

in  p a ren th e se s .

pH
Non-irradiated,

control
(4)

Irradiation dose (rad)

10  0 0 0  

(4)
40 000 

(4)

5.0 4.60 ±  0.88 4.12 ±  0.72 4.43 ±  0.82
5.5 4.75 ±  0.57 4.39 ±  0.68 5.26 ±  1.11
6 .0 5.54 ±  1.36 4.96 ±  1.01 5.44 ±  1.16
6.5 6.72 ±  0.90 6.60 ±  0.73 7.50 ±  1.20
7.0 6.03 ±  0.43 6.32 ±  0.88 6.46 ±  0.82
7.5 7.28 ±  1.20 6.72 ±  1.17 7.58 ±  0.98
8 .0 9.88 ±  1.12 8.58 ±  1.36 9.75 ±  1.05
8.5 10.98 ±  1.40 9.83 ±  1.50 10.46 ±  1.19
9.0 9.38 ± 1.12 7.76 ±  1.21 8.63 ± 0.85
9.5 6.47 ± 0.84 6.22 ±  0.96 6.38 ±  0.84

1 0 .0 4.92 ± 0.45 5.27 ±  0.82 5.40 ± 0.77

T a b l e  3

Effect  of y-irradiation in vitro on ATPase activity in rat heart sarcosomes

A T P ase  ac tiv ity  w as d e te rm in ed  a t in d ica ted  pH  v a lu es . C om ponen ts of th e  
in cu b a tio n  m ed ium  as described  u n d e r  M ethods. R esu lts  a re  e x p re ssed  as pm oles 
o f in o rg an ic  p h o sp h a te  lib e ra te d  fro m  A T P , p e r mg. of p ro te in  p e r  1 hr., ±  S. D. 

N u m b er o f d e te rm in a tio n s  in e a c h  g ro u p  is in d ica ted  in p a re n th e se s .

pH
Non-irradiated,

control
(8 )

Irradiation dose (rad)

10  0 0 0  

(4)
2 0  0 0 0  

(4)
40 000 

(4)

5.0 7.23 ± 0.98 7.13 ±  1.03 9.32 ±  1.30 7.78 ± 1.12
5.5 7.36 ± 1.25 9.50 ±  1.35 7.81 ±  0.98 6.23 ±  1.15
6 .0 5.70 ± 1.21 5.06 ±  0.89 . 6.81 ±  1 .1 0 6.23 ±  0.93
6.5 6.14 ± 0.98 6.35 ±  1.01 6.47 ±  0.88 7.50 ±  1.20
7.0 5.00 ± 1.08 6 .0 0  ±  1 .1 2 5.68 ±  1.01 7.26 ± 1.40
7.5 5.38 ±  0.81 5.26 ± 0.98 4.92 ± 1 .1 1 7.23 ±  1.38
8 .0 6.06 ± 0.78 6.81 ±  1.05 6.21 ±  0.87 6.99 ±  1.02
8.5 6 .2 2  ±  0.81 5.55 ±  1.13 7.80 ±  1.21 7.08 ±  0.89
9.0 5.24 ± 0.82 4.92 ±  1.03 6.96 ±  0.94 4.78 ± 0.68
9.5 4.44 ± 0.71 3.75 ± 0.98 4.49 ±  0.73 5.45 ±  0.88

1 0 .0 4.23 ±  0.95 4.33 ±  0.85 4.86 ±  1.01 4.84 ±  1.05 j
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The activation of ATPase by 2,4-DNP in mitochondria isolated from 
rat liver 24 hr. after irradiation did not differ from the values for non- 
-irradiated animals (Table 5).

In spleen mitochondria within 30 min. after exposure a slight 
decrease of ATPase activity was observed but the difference was not 
statistically significant. In the mitochondria isolated 24 hr. after exposure, 
a statistically significant increase was observed at pH 7.5 and 5.5. An

Fig . 1. A c tiv ity  o f A T P ase  in  liv e r, sp leen  and h e a r t m ito ch o n d ria  iso la ted  fro m  
ra ts  ir ra d ia te d  w ith  750 rtg . o f  X -ray s . M ean  va lues fro m  3 d u p lica te  d e te rm in a tio n s  
an d  th e  ra n g e  a re  g iven. T he a c tiv ity , ex p ressed  as p e rcen tag e  o f  th e  n o rm a l 
va lues ta k e n  as 100, w as  e s tim a te d  a t in d ica ted  pH  v a lu es  a t tim e  in te rv a ls  of: 
30 m in. (d iagonally  hatched), 24 h r. (ho rizon ta lly  h a tched ) an d  48 hr. a f te r  i r ra d ia tio n

(ou tlined  colum n).

http://rcin.org.pl
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increase of activity was also found at pH 5.5 in mitochondria isolated 
48 hr. after irradiation when at other pH values ATPase activity was 
normal.

T a b l e  4

Effect  of у-irradiation on ATPase activity in rat spleen mitochondria
A T P ase  ac tiv ity  w as d e te rm in ed  a t ind ica ted  pH  v a lu es . C om ponen ts of the 
in cu b a tio n  m ed iu m  as described  u n d e r  M ethods. R esu lts  a re  e x p re ssed  as nm oles 
of in o rg an ic  p h o sp h a te  lib e ra te d  fro m  A T P , p e r mg. of p ro te in  p e r  1 hr., ±  S. D. 

N u m b er o f d e te rm in a tio n s  in each  g ro u p  is  in d ica ted  in  p a re n th e se s .

pH
Non-irradiated,

control
(8 )

Irradiation dose (rad)

10  0 0 0  

(4)
2 0  0 0 0  

(4)

■
40 000 

(4)

5.0 8.95 ± 0.80 11.64 ±  1.68 8.73 ±  1.12 7.05 ± 0.93
5.5 9.14 ±  1.59 13.21 ±  2.07 7.85 ± 0.90 11.22 ± 1.27
6 .0 11.16 ±  1.47 9.17 ±  1.61 8.52 ±  1.13 10.55 + 1.10
6.5 11.42 ±  1.37 12.16 ±  1.08 8.96 ±  1.45 14.62 ± 1.82
7.0 10.86 ±  1.79 9.63 ±  1.27 6.69 ±  1.61 10.75 ±  1.38
7.5 11.75 ±  1.87 10.43 ± 1.11 9.25 ±  1.73 12.78 ± 1.52
8 .0 11.08 ±  1.80 1 1 .0 0  ±  1 .2 0 8.83 ±  1.47 11.52 ± 1.50
8.5 11.69 ±  1.42 11.29 ±  0.88 8.83 ±  1.37 14.98 ± 1.73
9.0 11.44 ± 1.05 9.98 ± 1.03 8.52 ±  1.13 10.25 ±  0.86
9.5 8.12 ±  1.78 8.69 ±  1.14 8.40 ± 1.42 10.08 ±  1.07

1 0 .0 7.24 ±  1.37 6.52 ± 1.20 6.33 ± 1.31 9.97 ±  1.13
10.5 6.99 ±  1.15 7.01 ±  1.13 6.69 ±  0.93 9.11 ± 1.09

In heart sarcoscmes isolated within 30 min. after irradiation ATPase 
activity at lower pH values of the incubation medium showed a decrease, 
statistically significant at pH 6.5, and an increase at higher pH values 
with a maximum at pH 8.5. Within 24 hr. after irradiation the activity 
at lower pH values increased above the normal values showing 
a maximum at pH 6, and at higher pH values it was nearly normal; 
after 48 hr. an increase was observed only at pH 9.5 and 8.0.

DISCUSSION 

Irradiation in vitro

Biochemical [14] and electron microscope [27] studies have shown 
that some structural changes appear in irradiated mitochondria. Bacq 
& Alexander [2] interpreted the observed increase of activity of some 
enzymes as indicating the release of the enzyme. This suggestion was 
not supported by Scaife & Alexander [20] who studied the effect of 
ionizing radiation on permeability of mitochondria, and by our present 
experiments on ATPase activity in irradiated mitochondria.
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The irradiation in vitro  of liver, spleen and heart mitochondria had 
no effect on ATPase activity tested just after irradiation and 24 hr. later 
at different pH values of the medium. This is in agreement with the 
observation of other workers that irradiation of isolated organs [4, 17], 
homogenates [15] or mitochondria [12, 15] is not followed by any changes 
in ATPase activity.

The isolated from mitochondria, purified soluble ATPase differs from 
the enzyme present in intact mitochondria. The ATPase bound to some 
component of mitochondria is stimulated by 2,4-DNP while the soluble 
ATPase is unaffected [21]. In our experiments, irradiation of mitochond
ria did not influence the stimulation of ATPase activity by 2,4-DNP. 
This suggests that no solubilization of mitochondrial ATPase occurs 
during irradiation.

Irradiation in vivo

Several workers observed an increased activity of ATPase in tissue 
homogenates or mitochondria isolated from irradiated animals. Most of 
the results showed activation of ATPase in the spleen [1, 7, 3, 5] and no 
change in the liver [4, 5]. According to Ord & Stocken [15], 90 min. after 
irradiation of rats with 1000 rtg. of X-rays the ATPase activity in spleen  
mitochondria was increased by 30%. Other authors found similar acti
vation 3 and 4 hr. after irradiation [1, 18] or even later [23]. This acti
vation lasted usually for 24 hr. [7] or longer [23]. Our results confirm  
the activation of ATPase in the spleen 24 hr. after the exposure. Mo
reover, w e have also observed activation of ATPase in liver and heart 
mitochondria.

The mechanism of ATPase activation by radiation is not known. 
Certainly, the effects observed 24 hr. after the exposure only remotely 
reflect the changes induced by irradiation in numerous metabolic pro
cesses of the living cell. Many authors studied the relation between 
radiation effects on ATPase and on oxidative phosphorylation but found 
no correlation between -the two processes [cf. 16]. Since the experi
mentally determined ATPase activity is in reality the difference between 
the synthesis and hydrolysis of ATP, it seems permissible to assume, in 
spite of the lack of correlation of the two processes, that the effect of 
ionizing radiation on oxidative phosphorylation in mitochondria partici
pates in the observed effect of radiation on ATPase activity.

An attempt was made to study more direct effect of radiation on 
ATPase activity, or at least the effect appearing immediately after irra
diation, by carrying out the assays on mitochondria isolated from animals 
killed within 30 min. after exposure. In liver mitochondria a decrease of 
activity determined at pH 6.5 and 8.5, and in sarcosomes at pH 6.5, were 
found In spleen mitochondria no changes were observed, while in sar-
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cosomes the activity at pH 8.5 was not decreased but increased. It should 
be recalled that according to Myers & Slater [13] the pH optima for the  
ATPase activity induced by 2,4-DNP in mitochondria are at 6.5, 7.5 
and 8.5. In the present work, the greatest effect of irradiation on ATPase 
activity was observed at the pH optima reported by Myers & Slater. This 
fact cain be taken as an additional indication for the existence of different 
ATPases and/or different phosphorylation processes within the mito
chondrion. The reason why in liver mitochondria 30 min. after the expo
sure the activity at pH 8.5 decreased while in heart mitochondria it 
increased, cannot be explained on the basis of the available data. It should 
be noted that Thomson et al. [24] did not find significant changes in  
ATPase activity of the thymus after irradiation; Rabassini et al. [19] 
observed in the brain a decrease of the activity dependent on the radia
tion dose delivered, while Mandell & Schmitt [11] found an increase 
after local irradiation of eye lenses.

The authors wish to express their gratitude to Professor Dr. Edward 
Kowalski for his encouragement and helpful discussion during the course 
of this work; to’ Professor Dr. Stefan Mine for the use of the /-source  
and the assistance of his coworkers in our irradiation experiments; and 
to Mr. Zygmunt Gmaj, M.Sc., Director of Tarchomińskie Zakłady Far
maceutyczne, for the generous gift of Myotriphos.

SUMMARY

ATPase activity of rat liver, spleen and heart mitochondria irradiated 
in vitro with the dose of 10 000 to 40 000 rads did not differ from control 
values. ATPase activity in organs of rats irradiated in vivo  with 750 rtg. 
of X-rays, tested 30 min., 24 hr. and 48 hr. after exposure, showed 
differences dependent on the pH of the incubation system.
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S t r e s z c z e n i e

B adano  w  różnych  pH  ak ty w n o ść  A T P azy  m i too hond  r  i ów n ap ro m ien io n y ch  
in  v itro  d a w k a m i 10 000 do  40 000 radów  oraz izo low anych  w  1/2, 24 lub  48 godzin 
po n a p ro m ien ien iu  zw ierzą t d a w k ą  750 rtg . p ro m ien io w an ia  X. A k ty w n o ść  m ito - 
chon d rió w  n ap ro m ien io n y ch  in  v itro  n ie  różn iła  się  od  w a rto śc i k o n tro ln y ch . W ynik i 
uzyskane  po n ap ro m ien ien iu  in  v iv o  w sk azu ją , że zm iany  w  ak ty w n o śc i A T P azy  
w  b ad an y ch  n a rząd ach  zależą od pH  u k ład u  in k u b a  cyjnego.

R ece ived  31 Ju ly  1964.
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MARIA G. SARZAŁA

ALKALINE PHOSPHATASE ACTIVITY IN SUBCELLULAR 
FRACTIONS OF THE INTESTINE OF THE FROG DURING 

STARVATION AND FEEDING

D ep a rtm en t o f B iochem istry , N en ck i In s titu te  o f E x p e r im e n ta l B iology, W arszaw a

It has been shown by several authors, by means of chemical or histo- 
chemical methods, that tlhe activity of alkaline phosphatase (EC 3.1.3.1) 
in the intestinal tissue of various groups of animals appears to be highly 
increased after feeding w/ith fat. Such results have been obtained with 
mammals [10, 25,1,17, 8], amphibia [6, 8] and with insects [18]. In a recent 
histochemical study from this laboratory [8] it has been found that in the 
intestine of starved frogs the alkaline phosphatase is seen only in the 
striated border; whereas after feeding with fats, hut not with other food, 
it becomes clearly visible also in the Golgi region of the epithelial cells.

In relation to these findings it seemed to be interesting to' study more 
closely the distribution o f alkaline phosphatase in subcellular fractions 
of the intestinal epithelium. Special attention has been paid to the much 
discussed question of the presence of alkaline phosphatase in the nuclei 
[cf. 20].

MATERIAL AND METHODS

The frogs (Rana esculenta) used for experiments were caught in 
autumn and kept during winter at 4 - 1 0 °  without feeding. Before the 
experiments the animals were transferred for two weeks to room tem
perature.

Three types of experiments were performed: (1), on starved animals; 
(2), on animals which were given orally by means of a pipette 0.2 ml. 
of olive oil; and (3), on animals which were given orally a piece of 
about 50 mg. of boiled egg white. Two days after feeding, most probably 
at the height of food absorption [7], the frogs were killed by decapitation, 
the small intestine was dissected and its content was removed by pressing 
out and rinsing in 0.25 м-saccharose at 0°.

Preparation of subcellular fractions. The small intestines collected 
from five to seven frogs were cut into small pieces and homogenized
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at 0° in 0.25 м-saccharose in a Potter-Elvehjem type teflon homogenizer. 
The homogenate, after filtration through gauze, was centrifuged for 
10 min. at 600 g at 0°. The sediment contained the nuclear fraction 
contaminated with cell debris. The mitochondrial fraction was separated 
on centrifugation for 10 min. at 7000 g and the supernatant was sepa
rated by centrifugation for 1 hr. at 92 000 g in a preparative Spinco cen
trifuge (model L) into the microsomal fraction and the final supernatant.

In some experiments not the whole intestine was used but only the 
mucosa which was scrapped off with a (plastic spatula and weighed. The 
mucosal scrappings were homogenized in 0.25 м-saccharose containing 
various amounts of СаСІ2 or EDTA. The nuclear fraction obtained from 
the mucosa was purified using the method of Hogeboom & Schneider [11]. 
In some experiments, the nuclei present lin the partly purified nuclear 
fraction were destroyed mechanically by a more intense homogenization 
in a glass homogenizer or by treatment with 0.26% sodium deoxycho- 
late [22].

Determination of alkaline phosphatase. The activity in each fraction 
was expressed as the amount of inorganic phosphate (P;) liberated from 
sodium /7-glycerophosphate during 1 hr. incubation at 37° par 1 mg. protein 
nitrogen. The incubation mixture consisted of: 0.1 to 1.0 ml. suspension 
of the examined fraction; 1.0 ml. of 0.03 м-sodium /7-glyceroiphoisphate; 
3 ml. of 0.2 м-carbonate buffer, pH 9.6; 0.5 ml of 0.lM-MgCl2, and water 
to the final volume of 6 ml. The amount of particular fraction added 
to the incubation mixture was chosen to split not more than 10% of the 
substrate during the incubation period [21]. In control samples only the 
substrate was omitted. After 1 hr. incubation the reaction was stopped 
by the addition of 1 ml. of 50% TCA. The precipitated protein after 
centrifugation was rinsed with 5% TCA and the mixture was again cen
trifuged. In the combined TCA extracts, after neutralization, P; was 
measured according 'bo Fiske & Subbarow [9].

In the protein precipitates, after removal of lipids with a hot mixture 
of methanol and chloroform (3:1, v/v) the nitrogen content was deter
mined by the micro-Kjeldahl method.

Morphological and cytochemical observations. Smears of the nuclear 
fraction were stained with methyl green with or without pyronine. For 
determination of alkaline phosphatase activity -both in smears and in 
tissue slices the method of azo-coupling or the Gomori method were 
used [15].

RESULTS

The results of determinations of alkaline iphosphatase activity in 
various subcellular fractions of the frog intestine are presented in Table 1. 
The figures show that nearly all activity of the enzyme, both in the 
starved and in the fed animals, was found in the microsomal fraction;
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the activity of the supernatant obtained at 92 000 g was especially low. 
It can also be seen that after feeding with olive oil but not with protein, 
a marked increase (by about 50°/o) of the activity of the enzyme was 
found in each of the subcellular fractions of the intestine, as compared 
with starved animals.

T a b l e  1

A ctiv ity  of alkaline phosphatase in subcellular fractions in the intestine
of starved and fed frogs

T he in cu b a tio n  m ix tu re  c o n ta in e d : e ith e r  sam p les  of th e  w ho le  hom ogenate  of th e  
in te s tin a l tissu e , 5 to  25 m g ., or suspensi ions o f p a r t ic u la r  su b c e llu la r  frac tio n s , 
0.1 to  1.0 ml., o b ta ined  from  2.50 g. tissue  in  50 ml. o f 0.25 м -sacch aro se  (for d e ta ils  
see M ethods); sodium  ^ -g ly ce ro p h o sp h a te , 30 gm oles; c a rb o n a te  b u ffe r, 0.6 m -m o le , 
pH  9 .6 ; M gC l2, 50gm oles; f in a l  vo lum e, 6 .0  m l. T im e o f in cu b a tio n  1 h r. a t  37°. 
T he m ean  values, ± S. E. M.., fro m  5 ex p e rim en ts  a re  g iven , ex p ressed  as m g. 

Pj lib e ra ted  p e r mg. n itro g e n  d u rin g  1 h r. a t 37°.

Fraction Starved Fed with protein Fed with olive oil

Whole homogenate 0.235 ± 0.009 0.251 ±  0.001 0.365 ± 0.006
Nuclei 0.253 ± 0.011 0.200 ±  0.007 0.295 ± 0.005
Mitochondria 0.312 ± 0.012 0.330 ±  0.005 0.509 ±  0.007
Microsomes 3.225 ±  0.210 3.700 ± 0 .190 5.033 ±  0.234
Supernatant at 92 000 g 0.041 ±  0.001 0.039 ±  0.001 0.057 ±  0.002

The results of experiments performed on frogs which were starved 
during one to twelve months showed that the duration of fasting had no 
influence on the level of alkaline phosphatase activity in the intestine: 
the variations did not exceed 7%. The rate and the degree of the increase 
of the enzymic activity after feeding with fat were also not influenced 
by the duration of the preceding fasting; and two days after admini
stration of olive oil, in all experiments a similar increase of the activity 
up to about 50% was observed.

Table 2 shows that although about 75% of the total alkaline phos
phatase activity of the tissue was found in the microsomal fraction the  
amount of protein in  this fraction was small. On the other hand, most of 
the protein of the cells was present in the supernatant fluid obtained 
after centrifugation at 92 000 g while the alkaline phosphatase activity 
of this fraction seemed to be very low.

Phosphatase activity in the nuclear fraction

An attempt was made to find out whether the activity of the enzyme 
found in the nuclear fraction was really present in the nuclei or whether 
it was due to a contamination with other fractions. Purification of the 
nuclei by the method of Hogeboom & Schneider [11] or by a modification
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T a b l e  2

Distribution of alkaline phosphatase activity  and of the amount of
nitrogen in subcellular fractions of the intestine of starved and fed frogs

•»
The re su lts  a re  ex p ressed  as p e rcen tages, in re la tio n  to th e  ac tiv ity  and  n itro g en  

co n ten t o f th e  w hole hom ogenate  ta k e n  as 1 0 0 % .

Starved Fed with protein Fed with olive oil

Fraction Activity
(%)

Nitrogen
(%)

Activity
(% )

Nitrogen
(%)

Activity
(% )

Nitrogen
(% )

Whole homoge
nate 1 0 0 .0 1 0 0 .0 1 0 0 .0 1 0 0 .0 1 0 0 .0 1 0 0 .0

Nuclei (600 g) 14.0 1 2 .8 13.0 14.0 17.8 13.4
Mitochondria 

(7000 g) 4.0 5.2 6 .0 5.0 5.4 4.5
Microsomes 73.5 2.9 73.0 3.8 75.0 4.0
Supernatant fluid 

(at 92 000 g) 5.7 79.0 6 .0 74.0 6 .0 76.0

of this method (lower concentration of CaCl2 and EDTA) gave no satis
factory results: either fragments of the cytoplasm appeared to adhere still 
to the nuclei, or the nuclei themselves were damaged.

It could be supposed that if the nuclei contained the enzyme then, 
after rupturing of the nuclear structure, a higher activity of alkaline 
phosphatase should be found as a result of an easier contact of the enzy
me with the substrate present in the medium.

The experiments showed that after destruction of the nuclei by intense 
homogenization oir after treatment with 0.26% deoxycholate the activity 
of alkaline phosphatase did not change. These results seem to suggest 
that the enzyme is absent from the nuclei. Such view was also supported 
by a tentative cytochemical examination which showed that a positive 
reaction for the phosphatase activity was visible only in the cytoplasm  
adhering to the surface of the nuclei.

DISCUSSION

Distribution of alkaline phosphatase in subcellular fractions 
of the intestinal tissue

From the findings presented above it is evident that the activity 
of alkaline phosphatase in the intestine -is mainly associated with the 
microsomal fraction. As it is well known, however, this fraction is very 
heterogeneous; it contains endoplasmic reticulum and membranes of 
brush border and of Golgi apparatus. Thus, the enzymic activity of the 
total microsomal fraction might be connected with some or with all the 
subcellular structures mentioned above.
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The results demonstrating that alkaline phosphatase is present mainly 
in the microsomal fraction are in accordance with our own histochemical 
findings as well as with those of some other authors. Thus, alkaline phos
phatase was observed by electron and light microscopy on brush border 
of the intestine of mice [3], in the zone of Golgi apparatus [1, 8] and on 
lateral membranes of the epithelial cells [12]. The slight phosphatase 
activity found in the 92 000 g supernatant fluid depends most probably 
on the presence of some small fragments of membranes of endoplasmic 
reticulum, brush border or Golgi apparatus, which can never 'be comple
tely separated by centrifugation.

A contamination of mitochondria with the microsomal fraction also 
seems to be probable: this view  is supported by the electron micrographs 
of mitochondria in which the histochemical tests for phosphatases were 
negative [3, 12].

The most controversial point is the presence of alkaline phosphatase 
in the nuclei. As it was mentioned above, a microscopic observation 
showed that the nuclear fraction was never pure; it was contaminated 
by cytoplasmic fragments and by mucus. It is possible that the phos
phatase activity found in the nuclear fraction was in reality only present 
in these contaminations. Isolation of pure nuclei from the intestine is 
much more difficult than from other tissues. This may be connected 
with the peculiar morphology of the intestinal epithelium in which 
the poles of nuclei in cylindrical epithelial cells are very strongly bound 
to the cytoplasm. The association is so close that even after a thorough 
homogenization of the intestine it was not possible to obtain pure nuclei 
without fragments of cytoplasm. Experiments in which some chemical 
reagents (e.g. deoxycholate) were used to purify the nuclei gave no posi
tive results; although these agents were able to split the adhering cyto
plasm they always destroyed the structure of the nuclei to a considerable 
extent.

Although no success has been achieved in obtaining and examining 
the pure nuclei it seems likely that they possess no alkaline phosphatase. 
This was proved indirectly by experiments in which the structure of the 
nuclei was destroyed and no increase of the enzymic activity was found. 
The negative results of histochemical tests performed on smears of the 
nuclear fraction also support this view.

The data in the literature concerning this problem are divergent. 
According to Roodyn [20] the activity of alkaline phosphatase in nuclei 
of the hepatic cells amounts to 10 -40%  of that found in the homogenate 
of the whole tissue. Baumann et al. [2] observed in the nuclear fraction 
from rat liver a phosphatase different from that of microsomal fraction: 
the pH optima and the activation by magnesium ions were different for 
the two enzymes. On the other hand, Stern et al. [23] applying a special 
technique for isolation of dehydrated nuclei, were able to  show that in
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the nuclear fraction the activity of alkaline phosphatase is only 4% of the 
total. According to these authors this slight activity is due to contamina
tion. The histochemica 1 tests performed on tissue slices by means of 
azo-coupling were in the nuclei always negative [18].

A distribution of alkaline phosphatase similar to that described in 
this paper was observed in mucosa of the calf [13] and in the rat intestine 
[24, 19]. As the characteristics of the enzyme (Michaelis constant, pH 
optimum and activation by Mg2+ loins) were similar in all the cellular 
fractions, Tri a n ta phy 1 lopo u los & Tuba [24] also suggested that alkaline 
phosphatase is present in the microsomal fraction only and that the 
activity found in other fractions was due to contaminations. On the 
other hand, Clark & Porteous [4] indicate that alkaline phosphatase 
“is located in the microvilli and/or in the nuclei rather than in the 
endoplasmic reticulum of intestine epithelium cells” whereas according 
to Doell & Kretcbmer [5] even most of the enzymic activity is present 
in the nuclear fraction. One may suppose that the conflicting conclusions 
discussed above depend most probably on the kind of the applied tech
nique and hence on a different degree of purity of the fractions obtained.

Increase of the activity of alkaline phosphatase in the intestinal tissue
after fat administration

The increase of the alkaline phosphatase activity after administration 
of lipid was observed by several authors in various animals. Motzok & 
Branion [15] suppose that in the intestine of the chicken under influence 
of food, which normally contains lipids, a synthesis of alkaline phospha
tase takes place. This enzyme seems to be different from that present 
in the intestine just after hatching.

Tuba & Robinson [25] who have performed experiments on rats also 
suggest that two different alkaline phosphatases are present in the 
intestine; one of them is active permanently whereas the second one, 
the adaptive phosphatase, appears only after administration of fat.

The results of the present investigation are not incompatible with this 
view. Accordingly, the поп-adaptive phosphatase would be the enzyme 
whose activity did not change even during a prolonged starvation of the 
frog. On the other hand, the extra activity of the enzyme found in the 
intestine after fat administration would correspond to the adaptive 
enzyme.

There is no sufficient experimental evidence so far to elucidate the 
mechanism of the considerable increase in the activity of the alkaline 
phosphatase discussed above. It seems to be premature to decide whether 
such large quantities of the enzyme could be synthesized in the intestine 
in a day or two after fat administration. Perhaps “the idea of changes 
in protein conformation causing changes in enzymic activity”, as sug
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gested by Popjak [16] in relation to some enzymes, might be the more 
probable. Such changes could, perhaps, take place under the influence 
of some activators which would appear in the intestinal tissue in the 
course of fat absorption.

The author expresses her gratitude to Professor Dr. W. Niemierko 
for his interest and valuable criticism.

SUMMARY

After separation of the subcellular fractions of the intestinal tissue 
of the frog, nearly all activity of the alkaline phosphatase was found 
in the microsomal fraction. The slight activity observed in nuclear and 
mitochondrial fractions, and traces of the activity present in the amor
phous supernatant fluid, might be considered as due to contamination 
derived from the microsomal fraction.

In about two days after feeding the frog with fat, the activity of 
alkaline phosphatase in the intestine was increased by approximately 
50%, but no increase was observed after administration of protein.
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A K TY W N O ŚĆ  F O SFA T A Z Y  A L K A L IC Z N E J W E F R A K C JA C H  
SU BK O M Ó R K O W Y CH  JE L IT A  ŻA BY  W C ZA SIE  G ŁO DU  I  Ż Y W IEN IA

S t r e s z c z e n i e

B adano  rozm ieszczen ie  i ak ty w n o ść  fo sfa tazy  a lk a liczn e j w e f ra k c ja c h  k o m ó r
kow ych  je l i ta  żab  g łodzonych  i k arm io n y ch . S tw ierdzono , że ak ty w n o ść  tego1 en zy 
m u zw iązana  je s t  g łów nie, a  b y ć  m oże n a w e t w yłączn ie , z f r a k c ją  m ik ro so m aln ą . 
A k tyw ność  en zym atyczna  znaleziona w  in n y ch  fra k c ja c h  kom órkow ych  pochodzi 
p rzy p u szcza ln ie  z zanieczyszczeń  fra g m e n ta m i m ik rosom ałnym i. S tw ierdzono  także , 
że po dw óch  d n ia c h  od p o d an ia  zw ierzę tom  p o k a rm u  lip idow ego  n a s tę p u je  w zro s t 
ak ty w n o śc i fo s fa tazy  a lka liczn e j o- około  50%, n a to m ia s t podan ie  p o k a rm u  'b iałko
w ego n ie  w y w o ły w ało  tego  z jaw iska . O trzy m an e  w y n ik i n a su w a ją  przypuszczen ie , 
że być m oże w  je lic ie  z n a jd u je  s ię  s ta ła  i a d a p ta c y jn a  fo sfa taza  a lka liczna .

R eceived  3 A u g u st 1904.
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RECENZJE KSIĄŻEK

TH E PO P U L A T IO N  C R ISIS  AND TH E U SE OF W O RLD  RESO U RC ES (S tu a rt 
M uud, ed.). D r W. J u n k  P u b lish e rs  -  T he H ague, 1964; str. 362.+X IX .

R ecenzow ana  k s ią ż k a . je s t d ru g im  w y d aw n ic tw em  Ś w ia to w ej A k ad em ii S ztuk i 
i N au k i (W orld A cadem y o f  A rt and  Science); p ie rw szy m  b y ła  k s iążk a  „Science 
an d  th e  F u tu re  o f  M an k in d " , om ów iona pop rzedn io  w  A cta  B iochim ica P o lonica 
(vol. 10, R l, 1963).

Z ag ad n ien ie , k tó re m u  je s t pośw ięcone recenzow ane dzieło , do tyczy  zak łócenia  
ró w now ag i ekolog icznej, w yw ołanego  p rzez to, że z w y d a tn y m  zm n ie jszen iem  śm ie r
te lności, będącym  sk u tk iem  zasto sow an ia  now oczesnej m edycyny , n ie  idzie w  parze  
re d u k c ja  u rodz in ; obecny  roczny p rzy ro s t ludności św ia ta  w ynosi około 50 m ilio 
nów , a b ra k  je s t p o d staw , k tó re  pozw ala łyby  p rzypuszczać , że w  ciągu  n a jb liż szy ch  
la t  dziesięciu  p rzy ro s t te n  u legn ie  zm n ie jszen iu  lu b  n a w e t ty lk o  u trzy m a  się n a  
o becnym  poziom ie. P o stęp  techn iczny  nie  m oże nadążyć w  d o s ta rczen iu  żyw ności 
d la  s ta le  ro sn ące j liczby  ludzi. W o p arc iu  o s to jące  dziś d o  dy sp o zy c ji p rzes łan k i 
na leży  liczyć się z tym , że liczba g łodnych  i n iedożyw ionych  ludzi będz ie  rosła 
w  ciągu na jb liż szy ch  20 la t, n a w e t gdyby  zrobiono- w szystko , co w y d a je  s ię  dziś 
m ożliw e d o  zrob ien ia . S tw a rza  to  sy tu a c ję  szczególnie n iebezp ieczną , zw łaszcza 
w obec is tn ie n ia  now oczesnych  środków  zagłady , k tó re  m ogłyby  zach w ian ą  ró w n o 
w agę p rzy w ró c ić  p rzez  sza leń stw o  w o jn y , zw iązane z n ie  d a ją c y m  się w y raz ić  
o g rom em  lu d zk iego  c ie rp ien ia . N ajw yższy  ju ż  czas p ostaw ić  te n  p ro b lem  od w ażn ie  
i ro zp a trzy ć  go s ta ra n n ie  o p ie ra ją c  s ię  n a  ścisłych  d anych . O m aw ian a  k s iążk a  ta k ie  
w łaśn ie  d a n e  p rzed s taw ia .

W prow adzen iem  w  is to tę  zagadn ien ia  są trzy  a r ty k u ły  w stęp n e , n a p isa n e  p rzez  
A d la i E. S tev en  son a, B e rtra n d a  R usse lla  i Ju lia n a  H ux leya . N astęp n e  cz te rdzieśc i 
k ilk a  a r ty k u łó w  je s t podzielone n a  dw ie  g rupy . W p ie rw sze j omówiono- k ryzys 
ludnościow y , w  d ru g ie j użycie  zasobów  św ia ta , d o s tęp n y ch  obecn ie  ludzkości lub  
ta k ic h , k tó re  b ęd z ie  m ożna u dostępn ić  w  n a jb liż szy ch  d z ie s ią tk ach  la t. W części 
p ie rw sze j om ów iono  n a s tę p u ją c e  zag ad n ien ia : dane liczbow e do tyczące  geog raficz
nego rozm ieszczenia  ludnośc i ziem i, je j w zrostu , zw łaszcza w  o s ta tn ic h  dzies ięc io 
leciach , c h a ra k te ru  tego w zro stu  w  poszczególnych k ra ja c h ; p rzep ro w ad zo n o  analizę  
ekonom iczną, so c ja ln ą  i p o lityczną  zag ad n ien ia ; podano- d a n e  do tyczące  k ry zy su  
ludnościow ego  Ind ii, P a k is ta n u , Z jednoczonej R ep u b lik i A rab sk ie j, C hin, Japon ii, 
A m ery k i Ł ac iń sk ie j i S tan ó w  Z jednoczonych ; p rzed s taw io n o  zagadn ien ia  b io lo 
giczne zw iązane z  p ro b lem em  ludnościow ym , w reszcie  w  siedm iu  p ra c a c h  o m ó 
w iono p ro g ra m  d z ia ła n ia  w  ska li m iędzynarodow ej. Część d ru g a  k s iążk i (dw anaście  
a rty k u łó w ) z a jm u je  s ię  ta k im i sp ra w a m i, ja k  p la n  in s ty tu tu  b ad ań  n a d  lepszym  
w y zy sk an iem  zasobów  naszego  globu; sp ra w a  w łaśc iw ego  w y zy sk an ia  g leby  i w ód  
o ra z  o eh ro n y  ich p rzez  n iszczeniem ; n a tu ra ln e  zasoby k ra jó w  ro zw ija jący ch  się; 
p ra k ty c z n e  znaczen ie  energ ii jąd ro w e j; zestaw ien ie  zasobów  św ia ta  d o stęp n y ch  
obecn ie  i w  przyszłości.
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M yśli i fa k ty  p odane  w  o m aw ian e j książce zd a ją  się d o b itn ie  w skazyw ać, że 
d a lsze  zan ied b y w an ie  p ro b lem u  ludnościow ego grozi k a ta s tro fą ; znalezien ie  d ro g i 
p o s tęp o w an ia , k tó re  pozw oliłoby  n a  u n ik n ięc ie  te j k a ta s tro fy , chociaż w cale mie 
ła tw e , n ie  zd a je  s ię  być  n iem ożliw e. P iszącem u tę  ocenę  w y d a je  się, że n a jw ła ś c i-  
w ie j is to tę  ty ch  tru d n o śc i u ją ł A d la i E. S tev en so n  w  s łow ach : „N auczyliśm y s ię  
k ie ro w a ć  św ia te m  fizycznym  p ręd ze j, zan im  nau czy liśm y  się k o n tro li nas sam y ch " .

W ło d z im ie rz  M ozo łow ski

B R A IN  L IP ID S , L IP O P R O T E IN S  AND  TH E L E U C O D Y ST R O PH IE S (J. F o lch -P i & 
H . B au er, eds.) E lsev ie r P u b lish in g  Co., A m ste rd am , L ondon , N ew  Y ork, 1963.

O m aw ian a  k siążk a  s tanow i zb iór re fe ra tó w  p rzed s taw io n y ch  na S y m p o z ju m  
N eu ro ch em ii V II-g o  M iędzynarodow ego  K ongresu  N euro log ii, k tó ry  odbył s ię  
w  1961 r . w  R zym ie. Z ak res  zag ad n ień  om aw ian y ch  w książce  je s t bardzo  szerok i, 
p ocząw szy  od  b iochem ii lL poproteidów  osocza i tk a n k i n e rw o w e j d o  szczegółow ego 
p rz e d s ta w ie n ia  ob razów  k lin icznych  leu k o d y s tro fii. L eu k o d y stro fie  są to  w ro d zo n e  
zm ian y  chorobow e, k tó ry ch  podłoże s tan o w i ibrak o k reś lonego  enzym u . W sch o 
rz en iach  ty ch  dochodzi d o  g łębok ich  zm ian  w  sk ład z ie  lip id o w y m  tk a n k i n e rw o w e j, 
g łó w n ie  s u b s ta n c ji  b ia łe j. Z am ierzen iem  o rg an iza to ró w  S ym pozjum  było z ilu s tro 
w a n ie  do ty ch czaso w y ch  i rozw in ięc ie  d a lszych  pow iązań  b iochem ii z n eu ro log ią  n a  
p rz y k ła d z ie  w ła śn ie  leu kodystro fii. O ile je d n a k  um ieszczen ie  re fe ra tó w  z ró żn y ch  
dz ied z in  w  ram ach  jednego  sym pozjum  może być celow e, gdyż pozw ala na ro z 
w in ięc ie  szersze j d y sk u s ji w śró d  uczestn ików , p u b lik o w an ie  ty ch  sam ych  m a te r ia 
łów  ja k o  jed n eg o  tom u  w ydaw niczego  n ie  p rzynosi ju ż  te j ko rzyści, ty m  b a rd z ie j, 
że  w  k siążce  n ie  um ieszczono w ypow iedz i w  d y sk u s ji n a d  poszczególnym i r e 
fe ra ta m i.

P ie rw sz ą  część książk i s tan o w ią  re fe ra ty  pośw ięcone b iochem ii kom pleksów  
lip  ido  w o -b  ia łko  w y с h , zw iązków  ch a ra k te ry s ty c z n y c h  d la  tk a n k i  n e rw o w ej, b a d a 
n io m  u l t r a s t ru k tu ry  m ie lin y  o ra z  b ad an io m  n a d  w łaśc iw o śc iam i an ty g en o w y m i 
sfingo lip idów . W  rozdzia łach  ty c h  z a w a rte  są n iep u b lik o w an e  gdzie indziej o ry g i-  . 
n a ln e  d an e , n p . o  rozm ieszczeniu  p ro teo lip id ó w  w  tk an ce  n e rw o w e j i m etodzie  ic h  
ro zd z ia łu  ch rom atog raficznego . A u to rzy  re fe ra tó w  zgodnie u w aża ją , że p ro teo lip id y  
s tan o w ią  w ażn e  zagadn ien ie  n ie  ty lk o  w  b iochem ii lip id ó w  lecz  i w  b iochem ii 
b ia łek . P raw d o p o d o b n ie  w szy stk ie  b ia łk a  tk an k o w e  w y s tę p u ją  w  s tan ie  rodzim ym  
ja k o  lip o p ro te id y . Z ab u rzen ia  b iochem iczne w  le u k o d y s tro fia ch  s ą  tem a tem  o b sz e r
nego  re f e ra tu  L. S v en n erh o lm a . P o d an e  tam  są zm iany  sk ład u  lip idow ego o b se r
w o w an e  w  ty ch  sch o rzen iach  ze szczególnym  uw zg lęd n ien iem  ro d za ju  k w asó w  t ł u 
szczow ych  w y s tęp u jący ch  w  tłu szczach  złożonych. B adan ia  te  pozw oliły  A u to ro w i 
w y ró żn ić  d w a  ty p y  sy n tezy  kw asów  tłuszczow ych  w  tk an ce  n e rw o w e j: p roces cy to - 
p lazm a ty czn y  p ro w ad zący  do  w y tw o rzen ia  kw asów  tłuszczow ych  C18 i p roces z a 
chodzący w  b łonach  kom órkow ych  p ro w ad zący  do p o w sta n ia  kw asów  tłu szczo 
w y ch  C24. B lisko  po łow ę o b ję to śc i k s iążk i s tan o w ią  re fe ra ty  za jm u jące  się h is to 
p a to lo g ią  i k lin ik ą  leu k o d y s tro fii.

K ażdy  z re fe ra tó w  zaw iera  sp is  cy tow anej li te ra tu ry . K siążk a  zaopa trzona  je s t  
w  in d ek s  n a z w isk  i indeks rzeczow y. O m aw ian a  k siążka  zasłu g u je  n a  z a in te re so 
w a n ie  b iochem ików  d lek a rzy  neuro logów .

T a d eu sz  C ho jnack i
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К . E. M a l t e n  a nd  R.  L. Z i e l h u i s ,  IN D U ST R IA L  TO X IC O LO G Y  AND D E R 
M A T O L O G Y  IN  TH E PR O D U C TIO N  AND PR O C E SSIN G  O F PL A ST IC S . E lsev ie r 
P u b lish in g  C om pany , A m ste rd am , L ondon, N ew  Y o rk  1964; s tro n  X IV  +  258; cena  
D fl. 25, 50 s., 28 DM.

K siążk a  K . E. M alten a  i  R. L. Z ie lh u isa  je s t k o le jn ą  pozycją  z serii zn an y ch  
i w yso k o  cen ionych  m onografii, w y d aw an y ch  przez  E lsev ie r P u b i. С о т р ., d o ty c z ą 
cych  d z ia ła n ia  su b s ta n c ji to k sy czn y ch  na  u s tró j człow ieka. Część o g ó ln a  w p ro w ad za  
w  zag ad n ien ia  zw iązane z m e to d am i i e tap a m i syn tezy  o m aw ian y c h  zw iązków  w ie l
kocząsteczkow ych  (po lim eryzacja , p o liad d y c ja  i p o likondensac ja ), budow ą chem iczną 
o raz  za leżnością  dz iałan ia  bio logicznego od  s tru k tu ry  i w łasnośc i f izy k o -ch em icz 
nych . In fo rm u je  ona  p o n ad to  o  w ażnych  z toksykologicznego  p u n k tu  w idzen ia  s u b 
s ta n c ja c h  pom ocniczych, s to so w an y ch  w  techno log ii m as p las tycznych , oiraz o c h a 
ra k te rz e  cho rób  sk ó ry  w y s tę p u ją c y c h  w  w y n ik u  k o n ta k tu  z ty m i zw iązkam i. T o 
o s ta tn ie  zag ad n ien ie  o b e jm u je  p ro b lem a ty k ę  k ry te r ió w  d iagnostycznych , m echan izm u  
pa  to g en e ty  с zn e go ze szczególnym  u w zg lędn ien iem  uczu len ia  a lerg icznego , to le ra n c j i 
n a b y te j , m e to d y k i i in te rp re ta c j i  te s tó w  skó rnych  o ra z  ogó lnych  zasad leczen ia  
różnych  p o stac i zaw odow ych u szkodzeń  skóry , w y s tę p u ją c y c h  u p raco w n ik ó w  p rz e 
m ysłu  m as  p lastycznych .

Część szczegółow a o m aw ia  w  zasadzie  w szystk ie  rod za je  tw o rzy w  sz tu czn y ch  
i su b s ta n c ji pom ocniczych  w y tw a rz a n y c h  p rzez  w spó łczesny  p rzem y sł z w y ją tk ie m  
sy n te ty czn e j gum y. U w zg lędn ia  o n a  in fo rm ac je  do tyczące w łasności fizy k o -ch em icz 
nych  i  zasto so w an ia  o m aw ian y c h  zw iązków , d a n e  z zak resu  toksyko log ii og ó ln e j, 
za rów no  d o św iad cza ln e j, ja k  i k lin iczn e j, sw oistego  d z ia ła n ia  n a  sk ó rę  o ra z  m etod  
zapob iegan ia . P oszczególne ro zd z ia ły  pośw ięcone są m asom  feno low ym  i a m in o 
w ym , żyw icom  alk idow ym , n ien asy co n y m  p o liestrom , izocy jan ianom , żyw icom  e to -  
k sy lin o w y m  (epoksydow ym ), po lim ero m : w iny low ym , ak ry lo w y m  i o rg a n o f lu o ro -  
w ym  o ra z  w łó k n o m  sy n te ty czn y m  i szk lanym .

W zak res ie  su b s ta n c ji pom ocniczych  m o n o g rafia  o m aw ia  szczegółow o za g a d n ie 
n ia  d o św iad cza ln e  i k lin iczne  zw iązane ze s tosow an iem , jak o  w y p ełn iacza  m as 
p la s ty czn y ch , bezpostaciow ego  d w u tle n k u  k rzem u , s ta r te ró w  p o lim ery zac ji z g ru p y  
o rg an iczn y ch  n ad tlen k ó w , m e ta liczn y ch  s tab iliza to ró w  u ży w an y ch  pod po stac ią  
m ydeł, so li i zw iązków  m eta lo o rg an iczn y ch , k a ta liz a to ró w  i ak ce le ra to ró w , ta k ic h  
ja k  po łączen ia  g lin o w o -a lk ilo w e  1 zw iązki bo ru . P o n a d to  uw zg lędn ia  szereg  in n y ch  
su b s ta n c ji o d g ry w a jący ch  ro lę  w  techno log ii tw o rzy w  sz tucznych , a w  szczególności 
zw iązk i p ien iące , zaipobiegające u tle n ia n iu  i p la s ty f ik a to ry , a w śró d  ty ch  o s ta tn ic h  
p rzede  w szy stk im  f ta lan y , n ie k tó re  o rg an iczn e  e s try  k w asu  fosforow ego, zw iązk i 
epoksydow e, ch lo row ane  p a ra f in y , o le je  an tracen o w e , g liko le  i  ich  pochodne.

O sta tn i rozdz ia ł pośw ięcony  je s t sposobom  zapob iegan ia  d e rm ato zo m  w y s tę p u 
jący m  u p raco w n ik ó w  p rzem y słu  m as p lastycznych .

D uża w a rto ść  m onografii po lega  p rzed e  w szy stk im  n a  szczegółow ym  o p is ie  
w łaśc iw ości b io log icznych  zw iązków , k tó ry ch  zasto sow an ie  w  p rzem y śle  i w  życiu  
codziennym  w z ra s ta  n iezw y k le  szybko , a k tó ry ch  n ie  u w zg lęd n ia ją  w  d o s ta te c z 
nym  sto p n iu  n a w e t o b szern e  k lasyczne  pod ręczn ik i toksyko log ii k lin iczne j. D zięjd  
tem u , ja k  też  i bogatem u  p iśm ien n ic tw u , p o d ręczn ik  sp e łn ia  zasadniczą in te n c ję  
A u to ró w , by  z je d n e j s tro n y  służyć p ionow i lek a rsk ie m u  ja k o  p rzew o d n ik  w  o c e 
n ie  sk u tk ó w  biolog icznych  m ogących  pow stać  w  w y n ik u  k o n ta k tu  z m asam i p la 
stycznym i, z d ru g ie j zaś — udzie lić  n iezbędnych  in fo rm ac ji p ionow i te ch n iczn em u  
w  zak res ie  w a rto śc i p a ra m e tró w  toksyko log icznych  o ra z  zabezpieczenia  ludz i p rzed  
szkod liw ym  d z ia łan iem  tych  zw iązków .

K a zim ie rz  S p e tt
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W przec iw ień stw ie  do tom ów  o b razu jący ch  d o ro b ek  w cześn ie jszych  sym pozjów  
neu ro ch em iczn y ch , o m aw ian y  tom  n ie s te ty  n ie  zaw ie ra  w ypow iedz i w  d y sk u s ji.

N a p o d k reś len ie  zasłu g u je  s ta ra n n a  re d a k c ja  i b ardzo  ła d n a  sza ta  zew n ętrzn a  
k siążk i, co je s t szczególn ie  w ażn e  ze w zględu  na  zam ieszczone zd jęc ia  z m ik ro 
sk o p u  elek tronow ego .

S te lla  N iem ie rko

D. C. D a r  r o w ,  A G U ID E TO L E A R N IN G  FL U ID  T H E R A PY . C h arles  C. T hom as 
PubL , S p rin g fie ld  (111.) 1964; s tr. 280; cena $9.75.

Z ag ad n ien ia  zw iązane z gospodarką  w o d n o -m in e ra ln ą  w eszły  g łęboko do 
p ra k ty k i k lin icznej d n ia  codziennego, szczególnie w  ty ch  s tan ach , k tó re  czy to  
w sk u te k  nag łych  urazów , czy z pow odu p rzew lek ły ch  p rocesów  chorobow ych , p ro 
w ad zą  d o  zasadn iczych  w  tym  zak resie  zakłóceń. Je d n a k  u p o d staw y  w sze lk ich  
ocen, ja k  i dz ia ła lnośc i p rak ty czn e j, m usi stać dobra  znajom ość p ra w  b iochem icz
n y ch  i ich fiz jo log icznych  d la  u s tro ju  sk u tków . D la tego  A u to r  w  p ie rw sze j, og ó l
n e j części k siążk i p rzy p o m in a  i w y ja śn ia  p o dstaw ow e p o jęc ia  z z ak resu  fizy k o 
chem ii roz tw orów , zasady  d y fu z ji i osm ozy o raz  p ra w a  rządzące  ró w now agą  
k w aso w o -zasad o w ą w  ro z tw o rach  w odnych , da jąc  im  m atem a ty czn e  u jęc ie . S k ład  
p ły n ó w  u stro jo w y ch  podlega je d n a k  sto sunkow o n iedużym  w ah an io m  d z ięk i re g u 
lu ją c e j czynności n e rek  o raz  k rążen iu , k tó re  z jed n e j s tro n y  d ecy d u je  o fu n k c ji 
n e re k , z d ru g ie j zaś s tro n y  zap ew n ia  n o rm a ln ą  m etab o liczn ą  czynność s t r u k tu r  
kom órkow ych . D la tego  też  ty m  d w om  dziedzinom  A u to r pośw ięca  szczególnie dużo  
u w ag i, o m aw ia jąc  szczegółow o zarów no  w łaśc iw ości k rążen ia , ja k  i fiz jo log iczną 
czynność  n e rek  z p u n k tu  w idzen ia  ich w p ły w u  n a  g o sp o d ark ę  w o d n o -m in e ra ln ą . 
O d sp raw n o śc i k rążen ia  zależy nie ty lk o  d o sta teczn e  zao p a trzen ie  całego u s tro ju  
w n iezb ęd n y  dla jego  czynności tlen , a le  p rzede  w szy stk im  w szelk ie  procesy  
w y m ia n y  d o k o n u jące  się na  obw odzie  d z ięk i sp ra w n e j czynności całego  u k ład u  
w łośn lczkow ego. W szelkie w  ty m  zak res ie  zab u rzen ia , za ró w n o  o stre , ja k  i  p rz e 
w lek łe , k tó re  A u to r  szczegółow o o m aw ia , w  sposób d e c y d u ją c y  w p ły w a ją  n a  ro z 
m ieszczenie  p ły n ó w  w  różnych  p rze s trzen iach  pozakom órkow ych , a  w  d a lsze j 
k o n sek w en c ji i na  sk ład  płynów 7 w ew n ą trzk o m ó rk o w y ch .

W łaściw a je d n a k  re g u la c ja  sk ła d u  w ew n ę trzn eg o  u s tro ju  je s t n a jw ażn ie jszą  
czynnością  n e rek . D la je j z rozum ien ia  A u to r o m aw ia  czynność re g u lu ją c ą  zarów no  
k łębków , ja k  i k an a lik ó w  n e rkow ych , zw raca jąc  szczególną u w ag ę  n a  je j znaczenie 
d la  zap ew n ien ia  s ta ło śc i sk ład u  środow iska  w ew n ętrzn eg o , zw łaszcza d la  u trz y m a 
n ia  rów now ag i k w aso w o -zasad o w ej. N a tę  rów now agę, ja k  i w sze lk ie  o d m iany  
je j zw ichn ięc ia , A u to r  zw raca  du żą  uw agę, p o św ięca jąc  je j — n ieza leżn ie  od b ie 
żącej odc inkow ej d y skusji — sp e c ja ln e  rozdziały . A u to r, z a in te re so w an y  zag ad n ie 
n iam i p ed ia try czn y m i, szczegółow o o m aw ia  w p ływ  o s try c h  zab u rzeń  je lito w y ch  n a  
go sp o d ark ę  w o d n o -m in era ln ą . W obec co raz  częstszych  u szkodzeń  term icznych , jeden  
ro zd z ia ł A u to r pośw ięca  zagadn ien iom  o p arzeń . P o n ad to  p rzed m io tem  szczegóło
w ych  rozw ażań  są zm iany  w  rów now adze w o d n o -m in e ra ln e j u cho rych  po zab ie 
gach  ch iru rg iczn y ch  w  o s tre j i  p rzew lek łe j n iedom odze n e re k  o ra z  m echan izm y 
o b rzęków  i udzia ł w  n ich  re g u la c ji h o rm o n a ln e j, szczególn ie  h o rm onów  s te ry 
dow ych .

K ażdy  z ty ch  s tan ó w  je s t tra k to w a n y  z p u n k tu  w id zen ia  m ożliw ości jego  lecze
n ia  p rzy  pom ocy odpow iedn io  do p o trzeb  zestaw ionych  p ły n ó w  leczniczych, k tó ry ch  
sk ład o w i A u to r pośw ięca  je d e n  rozdział.

R 6
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J a k  w y n ik a  z p rzeg lądu  tre śc i k siążk i, D. C. D arro w  zw raca  du żą  uw agę  n a  
p o d staw o w e zagadn ien ia  zw iązane z g ospodarką  w odną i m in e ra ln ą  człow ieka 
w  s ta n ie  zd row ia  i choroby. W łaściw e rozp lan o w an ie  d z ie ła  z szerok im  om ów ien iem  
p o d s taw  fizyko-chem icznych  pozw ala  na głębsze w n ik n ięc ie  w  złożony m echan izm  
d o k o n y w ający ch  s'ię p rzem ian  i tym  sam ym  na oparc ie  zabiegów  te rap eu ty czn y ch  
n a  pewniejiSzych podstaw ach . W ydaje  -się jed n ak , że p ew n a  n ie ja sn o ść  w yw odów  
częściow o o słab ia  zam ierzony  e fek t. Być m oże, że je s t to  w y n ik iem  n ad m ie rn e j 
zw ięzłości p ie rw sze j części dzieła, o m aw ia jące j w łaśn ie  fizyko -chem iczne  pod staw y  
regulaejii w odnej i m in e ra ln e j, a w y n ik a jąc e j z założenia, że czy te ln ik  te m a t te n  m a 
d o sk o n a le  opan o w an y  i na leży  m u p rzypom nieć  ty lk o  zasady , by już  bez tru d n o śc i 
m ógł w n ik n ąć  w  gąszcz n a jro zm a itszy ch  reg u lac ji. D ośw iadczen ie  jed n ak  życia 
codziennego  pozw ala  na s tw ie rd zen ie , że n ie je d e n  le k a rz  za in te reso w an y  sp ra w ą  
rac jo n a ln eg o  leczen ia  z ab u rzeń  -w odno-m inera lnych  w łaśn ie  ty ch  w iadom ości n ie  
p o siad a  w  w y s ta rcza jące j m ierze , gdyż albo ju ż  ich  n ie  p am ię ta  a lb o  — jeś li na leży  
do starszego  poko len ia  — z zag ad n ien iam i tym i m ógł się n ie  zetknąć. D la tego  
należałoby  A u to row i te j p ię k n e j książk i zasugerow ać, by  w  n a s tę p n y m  w y d an iu  
u w ag i te  zechciał w ziąć po d  rozw agę i by tę  część sw ej k siążk i rozszerzył. C zy
te ln ik  jed n ak , k tó ry  zada sob ie  tru d , by  te  p ro b lem y  ogó lne  sobie p rzysw oić lu b  
ich znajom ość odśw ieżyć, p rz e c z y ta  całość z w ie lk ą  d la  sieb ie  korzyścią , z n a jd u jąc  
tu  w ie le  w skazów ek  d la  p o s tęp o w an ia  leczniczego.

K siążka  D. C. D arro w la  s tan o w i cenną pozycję , z k tó rą  po w in n i zapoznać  się 
lek a rze  licznych  spec ja ln o śc i, gdyż sp raw a  leczen ia  zab u rzeń  w  gospodarce w odnej 
należy  d o  zagadn ień  życia codziennego. B adacz n a to m ias t zna jdz ie  cenne ze s taw ie 
n ie  b ib liog raficzne , o b e jm u ją c e  n ieo m al w szystk ie  pow ażn ie jsze  p u b lik ac je  a m e ry 
k ań sk ie  do tyczące  zab u rzeń  w  gospodarce w odnej ,i m in e ra ln e j. N iew ą tp liw y m  
m an k am en tem  je s t zupełne  pom in ięcie  p rac  pochodzących  z o b sza ru  p o z a -a m e ry - 
kańsk iego .

S za ta  g raficzna  dzie ła  je s t bardzo  s ta ra n n a .
M arian  G órski

A. S o f f e  r, E  S p e n c e r ,  M.  R u b i n ,  M.  C h e n o w e - t h ,  L.  E i c h  h  o r  n  
a nd  B. R o s o f f ,  C H E L A T IO N  TH ER A PY . C harles  С. T hom as P u b lish e r; S p r in g 
fie ld  (111.) 1964; str. H X +  163; 37 ryc. i 14 tab e l; cena $8.00.

W ciągu  o sta tn ieg o  dziesięc io lec ia  o b se rw u je  się w śród  k lin icy s tó w  sta le  w z ra 
sta ją ce  za in te resow an ie  zw iązkam i, k tó re  m a ją  zdolność tw o rzen ia  połączeń  ch e la - 
tow ych  z różnym i m eta lam i. Z a in te reso w an ie  to  w y n ik a  s tąd , że n iek tó re  spośród  
ty ch  zw iązków  znalaz ły  zasto sow an ie  w  leczen iu  pew nych  s tan ó w  chorobow ych . 
Z adan iem , jak ie  po d ję li A u to rzy  o m aw ian e j książk i, by ła  ocena  w a rto śc i i p rz y 
da tnośc i n ie k tó ry c h  now szych środków  ch e la tu jący ch  w  te ra p ii  schorzeń  in te rn i
stycznych . M a te ria ł z a w arty  w  książce podzielony  j-e-st na  siedem  rozdziałów , 
z k tó ry ch  każdy  op racow any  zosta ł p rzez  jednego  lu b  dw óch  au to ró w  i każdy  
s tan o w i zam k n ię tą  całość. W praw dzie  m a te r ia ł p rzed s taw io n y  w  poszczególnych 
rozdzia łach  o p a rty  je s t p rzed e  w szystk im  n a  w łasn y m , b o ga tym  dośw iadczen iu  
au to ró w , to  je d n a k  w  d y sk u s ji poszczególnych zagadn ień  zarów no w y n ik i bad ań , 
ja k  i pog lądy  'innych au to ró w  znalaz ły  n a leż n e  im  m iejsce.

P ie rw szy  rozdział pośw ięcony  je s t  o m ów ien iu  zw iązku  m iędzy tw orzen iem  
po łączeń  chela tow ych  a d z ia łan iem  leków . Bardzo- in te re su ją c e  są sugestie  do tyczące  
zależności d z ia łan ia  n iek tó ry ch  a n ty b io ty k ó w  i  k o rty k o s te ry d ó w  od tw o rzen ia  p o 
łączeń  chela tow ych , ja k  ró w n ież  te , k tó re  odnoszą  się d o  ew e n tu a ln e j roli zw iąz 
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ków  chela tow ych  w p rzenoszen iu  m e ta li p rzez  b łony  k o m ó rk o w e  podczas n o rm a ln e j 
p rzem ian y  zw iązków  m in era ln y ch .

W rozdziale  d ru g im  om ów ione zostały  te  e fek ty  d z ia łan ia  p ochodnych  k w asu  
e ty len o -d w u am in o -cz te ro o c to w eg o  (EDTA) w  organ izm ie  żyw ym , k tó re  są n ie 
zależne' od w iązan ia  jonów  w ap n ia . R ozdział ten  zaw ie ra  ró w n ież  op is d z ia łan ia  
fa rm ako log icznego  2 ,3 -d w u m erk ap to -p ro p an o lu  (BAL).

R ozdział trzec i je s t n a  pew n o  n a jb a rd z ie j in te re su ją c y  d la  in te rn is ty  p ra k ty k a , 
o m aw ia  bow iem  zastosow an ie  soli sodow ej ED TA  w leczen iu  chorób  u k ła d u  k r ą 
żenia . W pływ  ten , zw iązany  ze zdolnością w iązan ia  jo n ó w  w a p n ia  p rzez  EDTA, 
w y raża  się m iędzy  in nym i po lepszen iem  p rzew o d n ic tw a  p rzed sionkow o-kom orow ego  
w  b lo k ach  serca  a także  u su w an iem  ek top icznych , kom orow ych  sku rczów  d o d a tk o 
w y ch  o ra z  często sku rczu  kom arow ego. Z n aczen ie  p rak ty czn e  N a2ED TA  w  leczen iu  
w ym ien ionych  stan ó w  chorobow ych  w y d a je  się n ie  pod legać  żad n e j d y sk u s ji tym  
b a rd z ie j, że zw iązek  ten  d a je  ty łk o  bardzo  n ieznaczne  'i rz ad k o  w y s tęp u jące  o b ja 
w y uboczne.

R ozdział czw arty  podzielony  je s t na  dw ie  części. W p ie rw sze j z n ich  om ów iony  
je s t w p ły w  różnych  zw iązków  tw orzących  po łączen ia  ch e la to w e  n a  w y d a lan ie  izo 
topów  p ro m ien io tw órczych  u ludzi. P rzed s taw io n e  d an e  w sk azu ją  na w y raźn y  
w p ły w  n iek tó ry ch  spośród  tych  zw iązków  n a  w zro st w y d a la n ia  p ie rw ia s tk ó w  ziem  
rzad k ich  o raz  cynku  i s tro n tu . W d ru g ie j części rozdzia łu  om ów iono  szczegółow o 
o b jaw y  uboczne, k tó re  m ogą w ystąp ić  u ludz i podczas p o d aw an ia  środków  c h e la tu -  
jący ch  (g łów nie pochodnych  EDTA).

R ozdział n a s tęp n y  pośw ięcony  je s t ro li połączeń  ch e la to w y ch  w  p rzem ian ie  
żelaza. To bard zo  in te re su ją c e  zagadn ien ie  p rzed s taw io n e  zosta ło  p rzed e  w szy stk im  
z p u n k tu  w id zen ia  zasto sow an ia  środków  ch e la tu jący ch  w  ty ch  s tan ach  ch o ro b o 
w ych, w  k tó ry ch  p o stęp o w an ie  te rap eu ty czn e  m a na celu  zm n ie jszen ie  ab so rp c ji 
żelaza  z p rzew odu  p okarm ow ego  lu b  zw iększen ie  jego  w y d a la n ia  w ra z  z m oczem . 
R ozdział szósty  je s t w łaśc iw ie  u zu p e łn ien iem  rozdzia łu  trzec iego , pon iew aż d y s k u 
to w an y  w  n im  je s t m ech an izm  dzia łan ia  EDTA  na m ięsień  sercow y. W o d ró żn ien iu  
od pog lądów  p rzy jm u jący ch , że zw iązek te n  w y w ie ra  w p ły w  na ak c ję  se rca  p rzez  
zm ianę  s to su n k u  ilościow ego  m iędzy  stężen iem  p o tasu  i w ap n ia , A u to r s to i na s t a 
n o w isk u , że e fek t d z ia łan ia  ED TA  je s t spow odow any  zm n ie jszen iem  bezw zg lędnej 
zaw arto śc i w ap n ia  zjon izow anego  w  p ły n ach  pozakom órkow ych . W y d aje  się , że 
te n  rozdział, w  od ró żn ien iu  od pozostałych , p o tra k to w a n y  zosta ł zby t p o 
w ierzchow nie .

W rozdziale  o s ta tn im  p rzed s taw io n e  zostały  p o d staw o w e  d a n e  z chem ii po łączeń  
chelaitow ych.

Całość n a p isa n a  została  w  sposób jasn y , zw ięzły  i in te re su ją c y . U w ag i k ry 
tyczne , k tó re  n a su w a ją  się p rzy  czy tan iu  o m aw ian e j książk i, s ą  n ie liczne  i w  n iczym  
n ie  zm n ie jsza ją  je j d u że j w arto śc i. D otyczą one p rzed e  w szy stk im  p o w ta rz a n ia  się 
(zresztą  n ie  częstego) n iek tó ry c h  w iadom ości w  różnych  rozdz ia łach  pod ręczn ik a . 
P rzy p u szcza ln ie  je s t to  w y n ik iem  n iezby t szczegółow ego uzgodn ien ia  zak resu  p rz e d 
staw ionego  m a te r ia łu  m iędzy A u to ram i poszczególnych  rozdziałów . D alsza uw aga 
do tyczy  ko le jności rozdziałów  w  książce. W y d a je  się, że b a rd z ie j logiczne by łoby  
um ieszczen ie  dw óch  o s ta tn ic h  rozdziałów  (chem ia po łączeń  ch e la to w y ch  i f iz jo 
log iczne d z ia łan ie  EDTA) na początku  książk i. W reszcie  n a leży  p o dk reś lić , że za 
ró w n o  po p rzeczy tan iu  poszczególnych rozdziałów , ja k  i ca łe j k siążk i odczuw a się 
w rażen ie  n ied o sy tu  i uczucie  rozczarow an ia , że p ew n e  zag ad n ien ia  p o ru szan e  
p rzez  A u to ró w  n ie  zostały  p o trak to w an e  w  sposób b a rd z ie j w y cze rp u jący . W p ra w 
d z ie  d la  za in te reso w an y ch  czy te ln ików  A u to rzy  p o d a ją  dużo  odsy łaczy  do  boga te j 
l i te ra tu ry , to  je d n a k  z p ra w d z iw ą  p rzy jem n o śc ią  p rzy ję ło b y  się rozszerzen ie  przez 
A u to ró w  całego szeregu  poruszonych  p rzez  n ich  tem a tó w  d y sk u sy jn y ch .
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O m aw ian a  k siążk a  p rzeznaczona  je s t p rzed e  w szystk im  d la  k lin icy s tó w , w śró d
k tó ry ch  znajdz ie  o n a  na p ew n o  bardzo  licznych  i w dzięcznych  odb io rców . W ydaje
się je d n a k , że pow inna  ona  sp o tk ać  s ię  rów nież  z g łębok im  za in te reso w an iem  
i d u ży m  uznan iem  farm ak o lo g ó w , fiz jo logów  i b iochem ików .

A n d rze j M an itiu s

S. H. L a w r e n c e ,  TH E Z Y M O G R A M  IN C LIN IC A L  M ED IC IN E. C h a rle s
С. T hom as P u b lish e r, S p rin g fie ld  (111.) 1964; s tr. X V  +  100; cena $5.75.

K siążka  S. H. L aw rence’a je s t  587-m ą p u b lik a c ją  z se rii A m erican  L e c tu re  
S eries i je s t przeznaczona d la  b io chem ików  k lin iczn y ch  o raz  lek a rzy  s to su jący ch  
m etody  enzym ologiczne jako  na .rzędz ie  w  d iag n o s ty ce  lub  p racach  dośw iadczalnych .

A u to r  zeb ra ł i p rzedstaw ił w  sposób b ard zo  k ró tk i i zw ięzły  d o stęp n e  d an e  
o izozym ach  przeszło  trzydziestiu  różnych  enzym ów  d a jąc y ch  się rwykryć n a  zonal- 
nych  e lek tro fo ro g ram ach  su ro w ic  ludzk ich . G łów ny n ac isk  położony je s t p rzy  tym  
n a  w n io sk i d iagnostyczne, ja k ie  w y ciąg n ąć  m ożna z o trzy m an y ch  ty m  sposobem  
„zy m o g ram ó w “.

W p ie rw szym  rozdziale p rz e d s ta w io n o  k ró tk i rys h is to ryczy  zagadn ien ia  h e te ro -  
genności enzym ów  i  roli, ja k ą  w  jego rozw o ju  o d eg ra ła  e lek tro fo reza  n a  żelu  
sk ro b io w y m  o raz  zastosow anie (barw n ików  h istochem icznych  d la w y w o ły w an ia  tych  
e lek tro fo ro g ram ó w . W drug im  rozdz ia le  A u to r  o m aw ia  n o m e n k la tu rę  izozym ów , 
poda jąc  sposoby oznaczania f r a k c j i  na  zym ogram ach , sto sow ane  przez  różne g rupy  
badaczy . N ieste ty , ja k  zw ykle w  sp ra w a c h  n azew n ic tw a , n ie  m a tu  p rób  u o gó ln ie 
n ia  i u s ta le n ia  jak iegoś o k reś lo n eg o  u k ła d u  o d n ies ien ia  um ożliw ia jącego  p o ró w n y 
w an ie  w yn ików .

R ozdziały  od  III  do V III są  pośw ięcone o m aw ian iu  poszczególnych g ru p  enzy 
m ów . P rzy toczone  są sch em a ty  zym ogram ów  i op isy  p rzy p ad k ó w  z ilu s tro w an e  
fo to g ra fiam i odpow iedn ich  zy m o g ram ó w  o raz  p odane  są w łasnośc i poszczególnych 
izozym ów , a także  o bszerne  p iśm ien n ic tw o .

R ozdział IX , o m aw ia jący  znaczen ie  zym ogram ów  w  d iag n o sty ce  le k a rsk ie j, 
je s t w łaśc iw ie  o b szern ą  tab lic ą , w sk azu jącą  jak ie  zm iany  zym ogram ów  sp o ty k an e  
są w  różnych  s tan ach  chorobow ych . N ieste ty  b ra k  je s t k ry ty czn e j an a lizy  lub  
sugestii w y b o ru  odpow iedn ich  m etod , ta k  że czy te ln ikow i pozostaw iona je s t w ła śc i
w ie ty lk o  m ożliw ość uczenia  ,się na  w łasn y ch  b łędach .

O sta tn ie  dw a rozdziały , odd z ie lo n e  od  sieb ie  n ieco  sztuczn ie , w y d a ją  się  zbędne. 
R ozdział X  o  znaczeniu  zy m o g ram u  d la g en e ty k i zaw ie ra  in fo rm ac je  bardzo  f ra g 
m en ta ry czn e  i n iek o m p le tn e , po łow a zaś rozdzia łu  sk ła d a  się z ry su n k u  z a w ie ra 
jącego  w iadom ości o DNA, RN A  i rybozom ach  w  zak res ie  p o p u la rn o -n au k o w y m .

In te re su ją c ą  i w a rto śc io w ą  częścią k siążk i je s t zam ieszczone na końcu  z e s ta 
w ien ie  z aw ie ra jące  op isy  m etod  e lek tro fo rezy  zonalne j n a  że lu  sk rob iow ym  oraz 
im m u n o e lek tro fo rezy , a  ta k ż e  ta b lic e  d la  sp o rząd zan ia  bu fo ró w  i op isy  tech n ik i 
w y w o ły w an ia  różnych  enzym ów  n a  e lek tro fo ro g ram ach . Ż ałow ać należy  jedyn ie , 
że o p isy  m e to d  są zbyt lakon iczne .

N a szczęście d ro b n e  u s te rk i n ie  zm ien ia ją  fa k tu , że k siążka  S. H. L a w re n c e ’a 
je s t m onografią  w arto śc io w ą dla każdego, k to  in te re su je  się sp ra w ą  hete rogennośc i 
enzym ów , zw łaszcza w  o d n ies ien iu  d o  pa to log ii lu d zk ie j.

M icha ł B agdasarian
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BONE A N D  TOOTH. P ro ceed in g s  o f  th e  F ir s t  E u ro p ean  S y m p o siu m  held  a t: 
S om erv ille  College, O xfo rd , A p r il  1963 (H. J. J. B lackw ood, ed.). P e rg am o n  Press,, 
O xfo rd , L ondon, N ew  Y ork , P a ris , 1964; s tr. 425; cena 5 £ .

M a te ria ły  sym pozja lne  do tyczące  tk a n k i ko stn e j i zębów  o b e jm u ją  w iele c ie
k aw y ch  i a k tu a ln ie  w ażn y ch  zagadn ień . P o d k re ś len ia  godną cechą tego sym pozjum  
je s t za rów no  jego  w ysok i poziom  n a u k o w y  w  dziedz inach  ściśle teo re ty czn y ch , ja k  
i duże  zrozum ien ie  dla zag ad n ień  p rak ty czn y ch , zarów no  z dz ied z in y  radiobiologii,, 
ja k  i k lin ik i u k ład u  tk a n e k  m in e ra lizu jący ch .

L. B. H. T a rło  d y s k u tu je  z p u n k tu  w id zen ia  paleozoologa genezę  tk a n k i kostnej, 
łącząc je j ew o lu c ję  z tk a n k ą  k o s tn ą  w y s tę p u ją c ą  w  skórze w y m a rły c h  ga tunków  
n a jw cześn ie jszy ch  ssaków  m orsk ich .

W szeregu  re fe ra tó w  w y k azan o  użyteczność po słu g iw an ia  się te tra cy k lin o w y m i 
an ty b io ty k a m i p rzy  b ad a n iu  p rzeb u d o w y  tk a n k i ko stn e j. Z w iązk i te  w b u d o w u ją  
się  do now o p o w sta jący ch  b laszek  k o stn y ch  i d a ją  s ię  ła tw o  u ja w n ia ć  w  m ik ro 
skop ie  fluo rescen cy jn y m . P rz y k ła d e m  p rac  z te j  dz iedz iny  s ą  ilościow e b adan ia  
R. A m p rin o  i G. M aro ttieg o  n a d  p rzeb u d o w ą  szk ie le tu . P raca  R. S teen d ijk a  p o 
św ięcona b y ła  b ad an iu  n ie ja sn e g o  n a d a l m ech an izm u  w ią z a n ia  się te tra c y k lin  
z no w o p o w sta jącą  kością. P ra c a  H. A. S issona i  W. R. L ee  je s t p rz y k ła d e m  dyskusji 
n ad  zastosow an iem  k lin iczn y m  te tra c y k lin  w  b a d an iu  u k ła d u  kostnego , a także  
zaw iera  c iekaw e p o ró w n an ie  s to sow an ia  te j m etody  z m e to d ą  b a d a n ia  p rzem iany  
u k ła d u  k ostnego  p rzy  pom ocy  w ap n ia  45Ca.

W iele p rac  pośw ięcono  oczyw iśc ie  sp raw o m  rad iob io log icznym , a w  szczególno
ści m etabo lizm ow i rad io izo topów  o w y b itn y m  pow in o w ac tw ie  d o  kości. A u to rad io - 
g ra f ia  ś ladow a cząsteczek  a lfa , zasto sow ana  w  p racy  M. W illiam son  i J . V augham , 
pozw oliła  n a  szczegółow e p rzed y sk u to w an ie  m iejsca  o d k ła d a n ia  s ię  tak ich  izotopów  
ja k  239P u ,241 A m  i 91Y. W śród  liczn y ch  p rac  n a  ten  teirnat w y b ija  się n ieco ryzykancka  
p raca  J . R u n d o  i w sp ó łp raco w n ik ó w  w y k o n an a  n a  trz e c h  o ch o tn ik ach , k tó ry m  przez  
m iesiąc  p o d aw an o  w  d iec ie  d z ien n ie  0,5 ąc  85S r. M im o zn ikom ych  d a w e k  i s to su n 
kow o k ró tk ieg o  o k re su  po łow icznego  ro zp ad u  uży tego  izotopu, b ra k  w  p racy  k o m en 
ta rz y  na  te m a t ew . szkod liw ośc i ta k ic h  dośw iadczeń  d la  o ch o tn ik ó w  je s t rażący.

Z naczna część p rac  sy m p o z ja ln y ch  do tyczy ła  reg u lac ji g o spodark i fo sfo ranow o- 
-w ap n io w e j. Do n a jc iek aw szy ch  na leży  p raca  M a c ln ty re ’a i w spó łp racow n ików  
o m aw ia jąca  k ry ty czn ie  o d k ry c ie  k a lcy to n in y  p rzez  C oppa w  1962 r. K alcy ton ina  
je s t niew yosohniom ym  jeszcze ho rm o n em  p rzy ta rczy c , a n tag o n is ty czn y m  co do 
sw ego w p ły w u  na  poziom  w a p n ia  w  osoczu w  s to su n k u  do p a ra th o rm o n u .

W zw iązku  z zag ad n ien iam i re g u la c ji gospodark i fo s fo ran o w o -w ap n io w e j w y 
głoszono n a  sym pozjum  szereg  podstaw o w y ch  p rac  fizykochem icznych  do tyczących  
m echan izm u  m in e ra liz ac ji tk a n k i k o s tn e j. R ola  ko llag en u  i zasadow ej fosfa tazy  
b a d a n a  by ła  na m odelow ym  d o św iad czen iu  in  v itro , w y k o n an y m  przez  H. F le ischa  
i  S. B isaz. W ykład  H on o r F e li do ty czy ł w p ły w u  w itam in y  A na m etabolizm  
ch rząs tk i. B ad an ia  p ro w ad zo n e  od k ilk u  la t  w  C am bridge  nad  m echan izm em  tych  
p rocesów  w sk azu ją  n a  w p ły w  re g u la c y jn y  w itam in y  A n a  a p a ra t  liznsom alny 
chondrocy tów . A u to rk a  p o d k re ś la  p rzy d a tn o ść  m etody  hodow li n arządow ej d la  
b a d a ń  czynnościow ych.

T rzeba  w reszcie  w spom nieć  o  szeregu  in te re su jący ch  p ra c  teo re ty czn y ch  d o 
ty czących  s tru k tu ry  i m e tab o lizm u  zębów .

N ależy  zaznaczyć, że w  k siążce  z a w arta  je s t rów nież  tre ść  d y sk u s ji n a d  re fe ra 
tam i. N iek tó re  z w ypow iedzi, ja k  np . prof. G a illa rd a  d y sk u tu jąceg o  w yk ład  
H. Feli, są n ie  m n ie jsze j w a rto śc i n iż  te k s ty  o ry g in a ln e .

S za ta  w ydaw n icza  k siążk i je s t  n a  n a jw y ższy m  poziom ie.

K a z im ie r z  O strow sk i
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