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This year we paid homage to the m:mory of Doc. RNDr. M. J. Vi
founder of the branch of animal physiology ut the Chuir

Doc. RNDr. M. J. VAGNER (11. I. 1893 — 27. VIIL.

1053)
gnet the

of zoology (Faculty of
natural sciences Comenius University in Bratislava) on the occasion of the anni-

versary of the decennary of his death.
On this occasion we dedicate the submit works about the phys<iology of proteins

to the commemoration of this scientist of renown and cxemplary pedagogue.

Authors



\

ACTA F.R.N. UNIV. COMEN. Vill—4, zooLosu\ 1943 s

ACTA FACULTATIS RERUM NATURALIUM HNIVERSITATIS COMENIANAE

TOM. Vill. FASC. IV. ZOOLOGIA - 1963

Blood-serum proteins of rabbits under normal and radiative
conditions

§. Paulov

Introduction

Presently many research institutions are intensively occupied with the study of
physiological as well as physico-chimical properties of proteins, because proteins
have primordial importance for living organisms. During last years there was
a notable accumulation of important results some of which concérn directly the
basic knowledge about life processes and life as.a whole. Great progress obtained
in this region of research is due principally to the perfection and worldwide use
of such special analytic methods as electrophoresis, polarography and radio-
isotope-labelling technique.

-

Under the great number of animal proteins most attention is attracted by the
study of blood-serum proteins. This is based on following important facts:

1. Blood-serum proteins have a high metabolic activity.

2. In organism these proteins have important transport functions for a lot of -
fundamental compounds.

3. Blood-serum proteins are in dynamic equilibrium with tissue proteins.

4. Blood-serum proteins are frequently influenced by different pathological
phenomenons.

5. An important circumstance is in the fact that blood-serum proteins are rela-
tively easily accesible to experimental examinations.

This exceptional position of blood-serum proteins led a great number of scien-
tific workers to pay special attention to this substance and this as well in sound
organisins as in organisms after different interventions through mechanical, che-
mical or radiative influences. Under these factons primordial attention receives now
the study of changes in blood proteins through irradiation.

Blood-serum research in normal and radiative conditions in our laboratories
demanded to secure the experimental possibilities for' applications of isotope-
labelled elements and to verify the special research methods and their applicability
in our present working conditions. There was a necessity to consult advanced scién-
tific authorities. Our research was enhanced by the fact, that in this new field we
had no tradition and no appropriated measuring technical means were at our dis-
posal. We take the permission to express on this place our sincere and grateful
thanks and acknowledgements to all external or internal co-workers for their
effective help during the experiments as well as for their good will and moral
support, which enabled us to complete our experiments and to publish this study.
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Applied methods : R
1. “Division of blood-serum- proteins by means of paper electrophoresis.

The paper electrophoresis is today the most known analytic method for the
study of protein physiology. The method is a relatively new one (from the four-
thieth years of this century), but there is an enormous number of variations,
simplifications and adaptations of this method to special aims. There is also an
practically countless number, of measurements made by this method and a great
number of these measurements are of basic importance. The importance of paper
electrophoresis increases when we take in consideration that it can be used in pa-
rallel with other analytic methods, i. e. principally with radioisotope labelling and
with polarography. _

For our purpose we used mainly papers published by following authors:
Dittmer -(1956), Hofejsi (1956), Wolstenholome et al. (1956),
Lederer (1956), Bier (1959), Michalec et al. (1959), further there
are our experiences gained when working in the Oncological Institute in Bratislava

Fig. 1. Schematic diagram of the paper electrophoresis in wet chamber.

z — d-c source, :

v — current and tension measuring instrument,

vK — wet chamber of plexi-glass,.

Kk — wessels of plexi-glass with veronal acetate buffer (vessel volumeé was 700 ml, their distance
was 170 mm),

p. — strips of filter paper Whatman 1 (4 strips in one wet chamber),

SL — start line for application of serum (distance from the wessel border was 20 mm),

+, — .polarity indication,

"\ <« — direction of fractions migration.
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as well as some experimental studies made on this institute (Hnilica—1958,
Hupka—1959). Some partial informations provided from published papers of
a number of authors as will be stated later.

In order to obtain good separation of protein fractions on the paper support, we
have adopted constant experimental procedure which consists: 1. in the choise of
a suitable experimental arrangement of the electrophoresis, 2.. choise of a sutable
source of electrical current, 3. provenience and quality of the paper support, 4. com-
position and ionic strenght of the buffer, 5. unified procedure of staining and
elution of electropheretograms, 6. unified procedure for quantitative evaluation of
protein fractions.

Experimental arrangement which best suited to our possibilities is the electropho-
resis with the so called ,,wet chamber" containing horizontally tended strips of
filter paper, as in the photography on fig. 1.

As a source of current we used an electronic rectifier, giving a tension from
0—380 V with possibility of maximum current load 100 mA. (The circuit schematic
is on fig. 2.) When separating protein fractions, we used a tension of 250 V (ten-

P

Fig. 2. Source of ad]ustable d—c (schematic diagram).
Ry — 100 kQ 0.25 W - Cy — 4 uF/450 V
Ry, — 100 kQ) 0.25 W 5 L . Cs = 1 uF/450—500 V
R; — 1 MQ pot. = . T Cy — 32 4 F/450 V
R; — 100 kQ) 0.25 W C e 3 C, — 32 pF/450 V
Ey — AZ 1 E, — EBL 21 E; — EBL 21
P — fuse 1 A 250 V, V — switch 250 ¥, /2:A
T{ — transformer 2300 V 80 maA, 1)(4 V1A, 1)(63 ¥ Z A,
TI —

~

choke 8 H 60 mA. 3 %y
sion gradient 14,7 V/cm) with a curent of 9 mA. The total time for separation was
5 hours. As electrodes we used platinum wire 1 mm in diameter which we placed
in the plexi glass containers opposite to the side on which the paper strips were
immerged. We used no labyrinth in the containers. We enhanced so changes in pH
in the strip region.

Among the wide range of paper supports we have choosen the filter paper What-
man 1. We cut paper strips 280 mm.long and 40 mm broad. Before tending them
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“between the containers we immerged them in the buffer used by us and dried them
out partially between leafs of clean filter paper. Strips being so prepared, we tended
them between the containers and applied on them 0.03 ml of the serum by means of
a micropipette. After separation of fractions, we dried the electrophoretograms at
room temperature in horizontal position. -

The rapidity of displacement of protein fractions and their sharp delimination
is primordially influencéd by the pH and the molarity of the buffer used. In our
experimental conditions we obtained good results with alcalic veronal acetat buffer
pH —9 ionic strenght —0.06, prepared after Dittmer (1956). In this buffer
there dissociate with preponderance carboxyl groupes, the proteins having negative,
charge displace themselves in electric field from cathode to anode. Yeoman
(1959) obtained a remarkable result when through addition of calciumlactate to the
veronal-acetat buffer he obtained up to 11 fractions. Aronsson et al. (1958)
obtained 9 fractions of serum protains when using the so called TRIS-buffer.

Separated proteins which we obtain on the paper strips are not visible by eye.

Fig. 3. Rabbit serum electrophoresxs with well separated albumins and globulins alphai, alpha.,
béeta and gama.

SL — start line, S — section from start to the beginning of gama globalin fraction.

In the " u¥per part we marked the minima of staining between fractions. A 2 mm scale is in the lower
part of the

Fig. 4. Electrophoreogram of rabit- serum with distinctly separated beta subfractions.
A — albumins,
S — section from start to the beginning of gama globulin,
a;; ay B, y — globulins,
SI — ‘start line where the serum is applied,
<~ — direction of fractions migration from cathode to anode.
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We must stain them with a suitable colorant and:afterwards wash out the super-
fluous colorant. There is a lot of staining procedures in the literature. We made a

good experience with a solution of 1 % bromphenol blue in

with sublimate. In this solu-
tion we immerged the strips
10 minutes (8 strips in 1 liter
of solution). The background
was decouloured in three baths
0.5 % acetic acid and this
always with immersions of 10
minutes in each bath. Special
attention was paid to the fact
that the solution of bromphe-
nol-blue must not be ,o0ld"
(but we did not use solutions
older than half a year) and
that after one serie of strips
(8 strips) the solution was re-
newed. Electrophoretograms
so stained were dried in hori-
zontal position and at room
temperature.

Under described conditions
we separated the proteins of
rabbit blood-serum in 5 frac-
tions: albumins and globulins
oy, a9, B and y as it is on
fig 3. Division of beta globu-
lins in subfractions was suc-
cessful only for some rabbits
(fig. 4).

The determination of pro-
tein fraction concentration
was made in the way that we
cut first the strips in places
of minimum coloration as itis
to be seen in the upper part
of fig. 3. The fractions so
separated were eluated in a
2.5 % solution of natriumcar-
bonate in 25 % methylalkohol
during 1 hour. We measured
afterwards extinctions in a
colorimeter LP with two pho-
toelements and using an inter-
ference filter with trans-
parence at A =600 + 5 mu.

For graphical evaluation
of fractions we used the
registration apparatus of a
polarograph Heyrovsky. A si-

<
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Fig. 5. Application of Heyrovsky’s polarograph for photo-
densitometric measurements and registering of fractions in
stained electrophoreograms.

t
a:xhlg_ = 2 *u'ug?o@

— mirror galvanometer,

— sensibility reductor,

light source of the galvanometer,
registering photograptic camera,

a plexi-glass

disc for winding up' of the string which

pulis the electrophoreogram,
— string for synchronous displacement of the electrophoreo-

gram,
electrophoreogram,

electromotor driving the registration drum of the photo-

camera and the plexi-glass

isk,

lamp for illumunation of the electrophoreogram,
stabilisation device for the lamp EL,

condensor system of the lamp EL,

selenium photoelement,

a metalic frame with the light slit.
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miliar apparatus was described by Miéttinen et al. (1953), Opplt et al.
1(1953), Kutaéek et al. (1958). We destribed such an application in an
anterior publication (Paulov — 1961). The method consists in illuminating
the electrophoreogram and in measuring the fraction of light passing through
the stript on a photoelement coupled with a galvanometer. A schema of such an
arrangement representing a registering photodensitometer is on fig. 5. It may
be said, that we used this way of measuring the fraction intensities only when
we sought a demonstrative proof of some phenomenon.

The graphical registration of fractions after cutting the strips in 1 —2 mm broad
bands and their consecutive elutions was not found suitable for our experiments,
as it was connected with errors not to be neglected. This method is no more reco-
mended even in the litterature.

For determination of fraction concentrations we used calibration diagrams. About
the necessity to use these diagrams we reported in an other publication
(Paulov—1962 b)..Following descriptions frequently found in some manuals
(Dittmer—1956, Slavik—1960), the extinction values are simply additioned
— X (E..... Epn) and their sum is taken for 100 p. c. The value of each fraction
(x) is then determinated from its extinction E: through the relation:

_ E..100
*= T (E ... En
E _
o&o L ? | f L} IG L) l8 1} 1'0 1 12
- o7
06} :
En
- 4105
04} {
Et 103
o2t | {
: | 1o1
;00/1 1 1 [ i 1 1 [ i | c“

1 - 3 ¢ s 7 nC 9 M

Fig. 6. Graphical relation between protein concentration (C) and extinction (E) —
calibrating chart.

On the horizontal axis C are the protein quantities in a constant unity volume (or to these quantities
corresponding bromphenol blue concentration). The other coordinate gives the extinetion (E).
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Such a calculation could be naturally justified only when there were a linear
relation between extinction and concentration in a sufficiently great intervale of
extinctions. But a linear relation could be found only for very narrow regions of
extinction. In general, when a concentration rises n-times there is no corespondent
rise of n-times in extinction. We may write this so that (fig. 6)

concentration C —> extinction E
and nC = En
but we cannot write that nC = nE.
We have usually En < nE.

Therefore it is necessary for determination of fraction cocentrations and their
relations together to use calibration diagrams corresponding to the quantities of
proteins (to the coloration by bromphenol blue) and from these we may then calcu-
late the concentration of a fraction from relation:

C:.100

X =

where C is the protein (colour) concentration determined from a calibration dia-
gram giving the relation between concentrations and extinctions. £ (Cy ... .. Cn)
is the sum of all concentrations.

In practics we frequently eluate albumins in greater volums as globulins in order
that we obtain extinctions on approximately the some section of calibration diagram.
In this case we do not multiply the extinctions by the dilution degree but the
amount of proteins (of stain) derived from the calibration diagram.

We did not use correction factors for determination of extinctions of isolated
fractions. In literature, they are only seldon used, they are of different heights for
every analysis method and give nonuniform results for different cases. The intro-
duction of these factors is in general problematic. Our results have to be evaluated
with regard to the method used. In order to obtain reproducibility of our experiments
we strictly maintained equal conditions and methods for separation, staining and
for quantitative evaluation. o N
2. Polarography of serum proteins separated by electrophoresis

There is at present an intense activity in the polarographic analysis of proteins.
The proof of it are some of the most recent studies: Bfezina et al. (1952),
Ivanov (1961), Heyrovsky et al. (1962).

The expansion of paper electrophoresis has facilitated polarographic analysis
with individual fractions. This method of analysis was studied for the first time by
Homolka (1953) with application of Brditka reaction. This author determinates
a characteristical protein double-wave in solutions in which he immerged paper
sections with pure fractions. The fractions on these paper bands are indirectly
identified with help of a parallel cut strip, which is stained as usually. This method
has found very soon its applications (which minor variations) for human and veg
terinary medicine as well as for basic research (Bartik et al. — 1954, 19{35 ag
1955 b, Ostrowski et al. — 1955 Homolka et al. — 1956, .B&l1ES
Helaers — 1958, Kalous — 1960, Paulov et. al. — 1963). /31 ¢ = &

In our laboratory facilities we utilized the method of Homol ka;oi(ﬂ‘??ﬁf). -VV*;
have modified the processus in that we.do not make it with dry ilﬂ(aWeg naRtions,
but with fractions coloured with bromphenol blue. This oy, modiffédy <
be described as follows: Stained fractions are cut in sections plaebsolhmiisismum

8
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coloration and are immersed in solution of 0.05 N KOH in 0.9 p. c. NaCl. After
45 minutes we add to the solutions equal quantity of the Brdi¢ka solution of Co
(NH;)6Cl; (Homolka — 1956). Afterwards we immediately measure the pro
tein double-wave on a polarograph and the protein quantity (staining density) on"
a photocolorimeter. In this way we obtain higher values of the protein double-wave
compared with pure non stained fractions (fig. 9). We reported more explicitly on
this matter in another publication (Paulov et al. —1963).

For measuring the protein double-wave we utilized the Heyrovsky polarograf.
type V—301 B. We used for anode a platinum wire 1 mm in diameter wound in
12 spiralls on a capillar glass tube. We used cathodic polarization, 4 V accumula-
tor, sensibility 1/50, durafion of one Hg—drop was 4.0 sec., speed of mercury
current was 2.61 mg/sec. The circuit diagram of the polarograph with mercury
drop electrode is on fig. 7. Fig. 8 demonstrates the method of detemination of the
protein double-wave h. :

For evaluations of the polarographic activity of isolated serum components we
use always calibration diagrams corresponding to human serum-albumins (fig. 10).
The quantities of proteins increases linearly in the coordinate system, but the
heights of the protein doble-wave do not increase linearly. Quantities of proteins on
the X coordinate indicate linearly increasing quantities of polarographicaly active
groups. Through extrapolation of protein double-waves we operate no more with
protein quantities but with quantities of polarographically active groups. When
f. i. we compare individual components
among themselves we cannot compare
measured protein double-wawes (as
this is reproduced in the majority of
publications) but we compare already
determined quantities of polarographic-
ally active groups. (Here the same in-
terpretation takes place as we used con-
cerning the colorimetric method of de-
termination of serum protains.) As a
proof we refer to the table Nr 1, where
we compare the method of determin-

M N ation actually in use with the proposed
= J method. ‘
~220V , 3. Labelling of blood-serum proteins
: +"|'|'— with radioactive isotopes
AK

. i _ Actually two principaly methods are
Fig. 7. A diagram of the connections of yged for preparation of labelled pro-
i s e mlamgraph with a mercury drop teipg: 5) suitably arranged chemical re-

electrode. g
9. _. action in vitro (mostly with 13), b)
G7'— mirror galvanometer, N ian . i
Bs E(lsgnsibility reductor, biosynthesis in a living organisme
Ca [[,ﬁl&e’,‘{,ﬁ“pﬂétggfﬂp i i under utilisation of labelled aminoacids

P — a potentiomet ire, . i 14 35
R e, (mostly with #4C, 35§ etc.). Both me-

BV gtorsdgivinﬁ‘ the potenciometrical disc thods have their ‘special advantages |
mwaﬁ?&g{‘;’gﬁ? \""”l CRIESR, and disadvantages. We can say that
i for study of catabolic phenomenons the

8y ¥ . . :
2 ?ﬁmp wi 1L be P
mumphtmdosnides|q mot?ygfapl ey tube and ‘ methods in vitro are preponderant for
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anabolic phenomenons study the bio- : T T
synthetic methods prevail. ‘

a) Labelling of serum proteins in A
vitro with radioactive iodine 1311

59:1.5

For chemical method of labelling
we used the radioactive iodine. This
labelling method is based on processus
of elementary iodine liberation from
Nalf3! and on its recombination in 50‘_ :

a suitable buffer solution with amino- n
acid tyrosine in form. There are many

methods of preparation for iodinized - y
proteins described in litterature as
....HN—-CH-CO.... 40&- E o
| S
CH, | ™ ]
| e
N
1317 | 13t 30r' ::”; -
. I+
OH I R‘, 1
well a lot of modifications, of methods, 20#_ A
differing through the choise of buffer

solutions, through the experimental
technics of iodination, and through ‘the 1 4
protein used (Pressman et al. —
1950, Shulman et al. — 1950,
Francis etal. — 1951, Gilmore 0r !
et al. — 1954, Cohen et al. — 1956,

3 ‘ ] Or . . -
A 6

Fig. 9. Relation between the height of the
protein double-wave in serum albumins
and proteins ‘and the method of fraction

} preparation  after their separation on
paper.
7

[ - clear non stained fractions,
. - ‘f)xl-actions stained with bromphenol
ue

Fig. 8. Determination of the height protein b — measured height of double-wave in mm,
double-wave (h). A — albumins, G — globulins.
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McFarlane — 1956, Hughes —
1957, Liebster et al. — 1957, L u-
bran et al. — 1957, Mc Farlane
— 1958 and many others).

In literature we find frequently cit-
ations of publications of Mc Far-
- lane (1956) whose labelling method
isrecommended. The uselofthis method
is advantageous, because it appears as
the most reliable for studying of pro-
tein catabolism. We persuaded our-
selves in this sense experimentally
(Paulov et al. — 1959, Paulov
— 1961). . ‘

The Mc Farlane method is relat-
ively complicated especially as to the
technical side of the processus of label-
ling. We started from the chemical
reaction proposed by this author and
adapted the technical processus to our
laboratory possibilites. The modified
processus is now: We fill an injection
syringe with a mixture of blood-serum
with glycine buffer pH 9.3. In a se-
cond syringe we fill the to called iod-
ination mixture containing from iodide
liberated radioactive iodine. Both sy-
ringes are fixed on needles which have
two opposed little targets of rostless

: E
L L] L LI L] 1 r 0T L3 a’
60r 406
4
50 dJas5
P
“or Jo4
K
901 H0.3
20F 102
10r Jo.1
0 1 1 1 1 1 1 1 1 1 00
0 20 40 60 80 100 ¢

Fig. 10. Calibration charts.

C — protein concentration (or the corresponding con-
centration of bromphenol blue or of polarographi-
cally active groups), )

h — height of the protein double-wave in mm,

E — extinction,

P — calibration chart determined polarographically,

K — calibration chart determined colorimetrically.

Table 1. Methods of determining quantities of polarographically active groups of serum albumins
ane globulins.

Usullay applied
method for deter- :llew m.et.hOd tf}?r
mining the rela- Eleraning, the
tion AG relation A:G
E
" 5
=] — b
4 » w
Eal8z|38) 5 | o |FEE|Z
= o] = ~ ®
.53,‘3«3 %O ﬁf E o < = Evd £a 2;
" » © 9 > M R ) .. I _g‘gﬁ E'g 3}
g 588 Y | By 5 g9 <'s = g°
<! gEE | & g.a = g Y E28° | a8 =8
3 i58 | Gg| 33| F9 S8 | @Ay | 8EF | sa
. - (3] -~ —
B EEZ | IS | &S| =& 25 | mE% | KED | &8
Albumins 698 | 15 | 59 | 177 | 843 83 | 2 87.4
Globulins 02 | 5| 33 33 | 157 % | 3 | 126
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steel on their ends. The pistons of both syringes are slowly pushed with equa
speed and so on a relatively large surface a contact is established where the two
solutions mix together. The flow of protein solution falls in a vessel. Non reacted
rests of the original solutions are separated through dialysis.

Fig. 11. Apparatus used for labelling of the blood serum proteins with
radioactive iodine.

After dialysis the protein solution was intravenously injected in rabbits in quan-
tities of 10 ] with a contents of 400 mg of proteins containing 250 —300 uC 13I.
The specific activity was approximately 0.7 uC/mg of proteins (B loom et al. —
1958 report that the quantity of 311 has to be not greater than 100 uC/mg).

b) Incorporation of methionine %S to serum proteins

.

For the biosynthetic method of labelling we used the faculty of methionine 35S
to incorporate in blood serum proteins. This labelled aminoacid (with :a s ic
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activity of 1 mC 355/1.85 mg aminoacid) was intravenously applied in. rai)bits in
total quantities 0.27 mC/1000 g of living weight. Aminoacide was incorporated in
protein molecules in the forme: .

.HN—CH-CO....
l
CH,
CH,—3S —CH,

¢) Measurement of protein radioactivity

When determining the height of radioactivity in aplied proteins it is not usual to
indicate obsolute intenzities of radioactivity but to indicate only the isotope quan-
tity through impulse number related to unity quantity of proteins determined under
equal conditions.

It is true that the cardcterization of radioactivity by imp/mg/min is a relative
indication and depends on many conditions related to the measurements (distance
of the preparation to G. M. tube, absorption through the preparation, type of the
counting tube and electronic apparatus, atc.) but practically we may consider this
method as sufficiently exact for execution of metabolic experiments.

For determination of radioactivity of proteins separated electrophoreticaly on
paper we used the so called quadratic section method in both cases of measurements
of ] as well as of 35S. In this procedure we cut separated quadrangular sections
smaller than the mica window of a G. M. tube from stained electrophoretograms
and placed them under the window of a G. M. tube.

The continuous distribution of activity in fractions was measured through auto-
radiography and subsequent photodensimetric measurement of the roentgenological
films used for this purpose. We used here the modified Heyrovsky polarograph in
the way described above when we described the evaluation method of electrophoreto-
grams. This method was applied principally for demonstrative work. (In this con-
nection we refer to the publication of O eff—1954 a, who found a relatively good
correspondence between the height of activity after photometrical determination
from autoradiograms and the activity measured with G.-M. counter.) -

Results ~

1. Physiological and physwo—chtmtcal caractensahon of serum proteins of rabbits
in normal conditions
a) Quantity spectrum of blood serum proteins
The knowledge of quantities of protein fractions in blood serum is of prime

importance for the comprehension of physiology of these substancies. There was
a lot of differing spectra described for many animals. Differencies are yet even
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among spectra for one species of animals given by different authors. This is the
case with the blood serum of rabbits. We wished to verify experimentally the
validity of published results, to compare our measurements with the literature
known spectra, and to determine its individual variability for rabbits.
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Fig. 12. Quantities of protein fractions in blood
serum of sane rabbits (a mean value from

38 animals in p. ¢.).

r

In studying the protein spectra
of animals we must start from
exactly stipulated experimental con-
ditions and we must use animals
with suitable caracteristics. 'We
may remember here that measuring
results depend not only of the me-
thod aplied but equally from breed,
age, sex, nutrition and keep-
ing conditions, heigth over sea-
level, method of taking blood samp-
les, etc: (Mahnert — 1920,
Muralt et al. — 1948, Hofej-
§1i — 1956, Myant et al. —
1959, Seniéw — 1957, Lézsa
— 1962). In our experiments we
used rabbits of the Vienna blue-
eyed breed, having approximentaly
equal age and weight. We experi-
mented with male rabbits, the con-
trol experiments on female rabbits
gave similiar results in protein
fraction quantities. (The total pro-
tein concentration in bloodserum
was approx. of 6.2 p. c. Lustig
et al. — 1937 indicate quantities
of 4362 — 6560, Kosmider
et al. — 1960 give 5.20 — 8.00
p. ¢c) '

Data on quantities of protein
fractions with 38 rabbits are in
table 2. A relatively great indivi-
dual variability is evident from this
table. -This constatation forced us
further to evaluate a given pheno--
menon for one animal and only
afterwards to proceed to study the

“phenomenon with other animals.

Numerical data taken from table ‘l
2 are evaluated in table 3 and on

fig. 12. In table 3 and in following tables we calculate the aritmetic mean value

X as in formula
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Table 2. Quantities of protein fractions in blood serum (in p. c.) of 38 rabbits.

i ,g Globulin Ne g Globulin
: 2 o 2
- < o I a2 | 8 I Y < oy l g | B8 l Y
1 66.5 56 | 52 | 76 | 151 | 20 68.0 67 | 54 | 109 | 9.0
2 690 | 58 | 53 | 68 | 131 | 21 63.5 63 | 59 | 76| 167
3 631 | 60 | 36 | 7.3 | 200 | 22 67.0 71 | 52 | 101 | 106
4 67.7 57 | 53 | 72 | 141 23 63.0 70 | 60 | 11.0 | 13.0
5 70.0 64 | 36 | 79 | 121 | 24 64.8 82 | 50 | 100 | 120
6 68.8 6.3 | 69 | 95 | 85| 25 60.8 80 | 70 | 100 | 142
7 68.9 70 | 66 [-92 | 83| 26 67.0 70 | 40 | 116 | 104
8 71.6 62 | 5.9 58 | 105 27 63.5 ‘6.2 5.4 9.5 | 154
9 62.8 73 | 61 -9.3 145 | 28 71.0 44 | 46 | 75| 125
10 67.9 64 | 58 | 72 | 127 | 29 63.0 70 | 50 | 115 | 135
- 11 .58.8 86 | 63 | 95 | 168 | 30 70.6 52 | 46 | 72| 124
12 60 | 60 | 50 | 99 | 101 31 63.1 71 | 60 | 110 | 128
13 70.0 55 | 45 | 95 | 105 | 32 68.9 43 | 53 | 87| 128
14 61.1 80 | 65 |134 | 110| 33 63.6 63 | 6.0 | 100 | 141
15 660~ | 40 | 34 | 98 | 168, 34 67.1 67 | 60 | 96 —1;6—
16 | 650 59 | 50 | 88 | 153 | 35 70.0 48 | 43 | 82 | 127
17 59.'0 70 | 54 122 | 164 | 36 70.6 64 | 52 , 80| 98
18 67.6 55 | 58 | 9.4 | 117 | 37 59.6 6.0 -5: 83 | 207
19 " 532 82 |105 147 | 134 38 63.6 69 | 53 | 9.4 | 148
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and dispersion following to equation

4

gt =

Y (x — x)?
n — 1

Our experimental results are in part similar to the known literature data, but

Table 3. Mean values of quantities of protein fractions in blood serum of 38 rabbits with
indicated standart deviation (¢) and extremal values (X and Xa..).

g Globulin

£

= <

2 1

< @y @y | 8 | r

x 65.65 6.40 5.48 9.34 13.13

ot 411 1.07 1.15 1.85 2.86
X matn 53.2 40 3.4 538 8.3
X mas 716 8.6 105 13.4 20.7

Table 4. A review of published data about quantities of blood serum proteins of rabbits
determined through paper electrophoresis (in per cent).

] Globulin
] E
Author 2 g
g8 | 2 o | om | e
=8 2 oy 2 1 2 Y
Scheifarth, Berg 16 62.20 5.78 2.22 434 1.89 6.11
1952 72.60 10.13 6.02 10.55 3.33 | 12.70
Andreoni, Dompé, .
Russo 8 61.1 42 7.0 125 145
1955
Corsini, Grazia 8 53.31 12.67 12.92 21.05
1957 +4.06 +1.89 +1.54 +444
Runik 22 59.08 6.12 5.70 9.10 20.42 |
1961 +0.25 [i£0.08 |+0.14 +0.17 +0.22
\
g 65.65 6.40 5.48 9.34 13.13
Paulow 38 14311 |+107 |£115 +1.85 +£286
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there are some differencies (table 4). It would be no wise to look for a complete
concordance, as no casé there were identical experimental conditions. Qur results
are in a great extend to be regarded from the standpoint of our experimental
condijtions. '
Conclusion: The quantity spectrum of blood-serum proteins in rabbits is
typical for species but a relatively great individual variability is observed.

b) The quantity spectrum of polarographically active groups of serum proteins

Up to now, the research works in the field of polarographical activity of proteins
using the Brdicka reaction are exclusively executed on human proteins. For animal
proteins we can consult only some studies of veterinary character (Bartik et al.
— 1954, Bartik et al. — 1955 a, b), occasionally we find some isolated reports
concerning usual laboratory animals and connected to a research concerning
different life functions. There are no analyses from this viewpoint for rabbits and
so we applied our modified method in our experimental conditions on such research.
(When analysing quantities of polarographically active groups we proceed as
described in the methodic part of this publication.) .

Data about measured quantities of polarographically active groups in serum .
proteins of individual experimental animals as well as the summary evaluation
are in table 5. We can see, that there is a relatively great individual variability
so in the quantity spectra of proteins as well as in the quantities of polarographically
active groups.

When we represent graphically side by side mean quantities of polarographically
active groups and mean quantities of proteins (fig. 13) we observe a discordance

Table 5. Quantities of polarographically active groups of serum proteins of rabbits in per cent.

Quanit;t);’ ec;f cg::teins Quantitz?tgvgomg;:phically
Nr (colometric determination) (polarogra;)x}llig:; ;:t;tx:minati on)
Globulin ; Globulin
Albumin Albumin

@ l ag ' 8 | Y ay l ag , 8 ' Y
1 665 |56 |52 176 |151 824 | 38 |32 | 40 | 66
2 690 |58 |53 |68 |131 797 |47 [ 35 | 51 | 70
3 631 |60 |36 |73 [200]| 796 [33 | 261 49 | 96
4 677 | 57 |53 | 72 |141 810 |43 |33 | 46 | 68
5 700 |64 |36 |79 |121 839 |35 [ 31| 45 | s0
6 688 |63 |69 |95 | 85 913 | 18 |16 | 25 | 28
7 689 |70 |66 |92 | 83 905 |21 |19 | 28 | 27
8 716. |62 |59 |58 |105 910 |21 |15 | 26 | 28
9 628 | 73 |61 |93 |145 841 |35 |30 | 42 | 52
10 679 164 |58 |72 |127 | 896 |24 | 20| 26 | 34
x | 6763 | 627 | 543 | 7.78 | 12.80| 8531 | 315 | 257 | 378 5.19
N 283 | 054 | 112 | 120 | 343 796 | 1.02 | 060| 098 | 231
% otn 628 |56 |36 |58 | 83 477 | 18 |15 | 26 | 27
M Xme | 716 | 73 |69 | 95 |200 912 ' 47 |35 | 51 | 96

190



of these two spectra and can see that they - ‘6 &
are typical for the animal species. It is 2]
visible that albumins bind more polaro- L i
graphically active groups than globulins. 1
This discrepancy between albumins and i
globulins is seen more discintly from 8or T

a more generalised diagram in fig. 14.

For individual globulin fractions we r
have a relatively linear relation between
globulin quantities and quantities of zpi-
polarographically active - groups. This

6763

relation is more evident when we set the i A
sum of each of these parametres equal to
100 and determine each globulin fraction
relatively to this sum (fig. 15). 60+ T
1 T T T T T
sof S :
s ; -
@© 50..
8o ] I |
e
oS 1 40r N T
Dy ]
B N
ool i 9
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0t _ ' .
<o 1 20+ R
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201 o 7
o | d
© & ‘
n N
101 N o N © O
R N s or
9 L)
9 o
ot & & 1 1
1 = 1 1 1 A G
A % %, a T Fig. 14. Quantities of polarographically
Fig. 13. Quantity spectrum of proteins L active groups [l in serum albumin
and quantity spectrum of * polarographically and globulins and quargtlties of proteins
active groups in fractions [l (in p. ¢.). ./ — (in p. c.). .
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Dependency between the quantity of proteins and the quantity of polaro-
graphically active groups gets more evident when we calculate the quantities of
polarographically active groups on unitary quantities of proteins (fig. 16). Such
a transformations gives that for albumin there are three times more polarographic
active groups (exactly 2.78 times) against globulins. Similiarly we can utilise
such a relation for globulin fractions alone (fig. 17). We see there that the
quantities of polarographically active groups for different fractions are equal.

Conclusion: The quantity spectrum of polarographically active groups
of serum proteins is typical for the species and does not corespond to protein
quantities.

In albumins there are more polarographically active groups as in globulins, and
globulin fractions have approximately equal quantity of polarographically active
groups.

c) Spectrum of quantities of radioiodine 1311 incorporated in vitro to serum proteins

In usual tracing processus with radioactive isotope is effected on formerly
from a mixture isolated protein and afterwards follow their catabolism in a living
organism. In our experiments we labelled a mixture of proteins (the whole serum)
and after labelling we separated the mixture through paper-electrophoresis in
individual fractions. In these fractions we determined the quantities of bound
radioiodine. As all fractions of the mixture are simultaneously in equal reaction-
conditions, the quantity of bound radioiodine can substantially help us in better
comprehension of the specifity of individual fractions.

Numerical data on bound iodine in ten samples of serum as well as summary
evaluation are in table 6. Mean values of fraction quantities and quantities of bound

Table 6. Quantities of bound radioactive iodine *'I in blood serum proteins of rabbits in per cent.

Quantity of proteins in per cent Quantity ;’: ra:lig:;:ive lodine
Nr (colorimegric determination) (measurement P;ith GM-counter)
Globulin 7 Globulin
Albumin Albumin

ay I g l 8 l Y ay I o3 [ 8 l Y
1 70.0 s1| 49| 95| 105 84.0 13| 40| 37| 70
2 65.0 59| 56| 85| 150 82.4 15| 39 38| 84
3 66.0 40 | 34| 98| 168 84.3 20| 43| 35| 59
4 70.0 48 | 43| 82| 127 82.1 21| 49| 40| 69
5 68.0 67 | 54| 109 | 90 81.0 26 | 53| 51| 60
6 67.0 71| 52| 101 | 106 837 16 | 52| 38| 57
7 64.8 82 | 50 | 100 | 120 75.0 30| 65| 62| 93
8 71.0 44 | 46 | 75| 125 829 29| 40| 35| 67
! 9 70.6 52 | 46 | 72| 124 799 [ 19| 44| 40| 98
10 69.6 64| 40| 95| 105 84.3 12! 47| 28| 70
x 68.20 | 578! 470| 9.12| 1220| 8196 | 201| 472| 4.04| 727
ot 235 | 132 067{ 121 230 284 | 064| 079 095| 142
¥t 64.8 40| 34| 72| 90 75.0 12| 39| 28| 57
X 71.0 82| 56| 109 | 1658 84.3 30! 65| 62| 98
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" radioiodine over all fractions are graphically demonstrated on fig. 18, documentary
photo is on fig. 19. The relation between albumins: and’ gflobuliﬁéf is.. shown
graphically on fig: 20. ) ' o

These data and diagrams indicate that albumins accept much smaller quantitiés
of iodine compared to globulins and that individual globulin fractions show inequal
tendency of “incorporating” iodine. This is best seen from fig. 21, where the
percentual relations among globuline fractions are indicated. . :

The relation between quantities o

t

% ' ' -~ bound icdine and quantities of albumins

g0~ - and globulins will be more clear when we
0‘? - refer the radioiodine quantities of pro-
- o - teins (fig. 22). Thus we can verify that
bl f. i. albumins bound two times more
380; - — radioiodine as the total of globulins (exa-"
ctly 2.12 times). A calculation for equal
- | quantities of individual globulin fractions- -
is on fig. 23. This diagram indicates that
0. - most jodine is bound by gl_ofbuline alpha
2, then comes gama, beta and the smallest *
- 1 quantity is by alpha 1 globglin. . .
Conclusion: The quantity spec-
60— - trum of bound radioactiv’e??odine in se-
. rum proteins is typical and ds in no cor-
- 1  respondence with the protein quantities.
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Serum albnmms get more radioactive iodine then globuhns Indmdual globulins

have different abilities to bind radioiodine.

d) Catabolism of blood serum proteins determined witd 131j labelled proteins -

All compounds in living organisms being in constant and regular renowation,
the blood serum proteins are subject to incessant variations in composition. These
variations are denoted in a summary way as metabolic processes with two anta-
gonistic and mutually correspondmg anabolic and catabolic processus. It were

just the tracing methods with radioactive

! ' isotopes, which brought new insights in

e the metabolic changes of blod serum
C a proteins.

-~ In the methodic part of this study we
1201 | mentioned that the rapidity of catabolism

100.0
] 100.0

100t

of blood serum proteins depends on the
- labelling processus. We have naturally
| to respect the inequal catabolic speed of
protein fractions of the blood serum of an

=l animal species and the fact there is an
unequal catabolism of the same protein
| ] fraction with different animal species.
' Generally is indicated that biosyntheti-
) _cally labelled proteins in vivo have a
80+ <1 lesser spreed of catabolism as proteins
5 .{ A T T T T
™ c S
© | ool---- o = -
60 w 1% N
8o 4
) | o - B ©
40 1l
60k | |....._] 2 [ A
=3 - -X
L}
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Fig. 22. Quantities of bound radioiodine Ml Fig. 23. Quantities of bound radioiodine (R

related to unity quantities of albumins- and related to unity quantities of globuline ‘fractions

globulins I}
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labelled chemically in vitro (Goldsworthy et al — 1957). This may be not
always true (Walter et al. — 1957). The most used method after Mc Far-
lane (1956) with proteins labelled with 131 in vitro gives similiar results as
biosynthetically labelled proteins.

Up to mow published data on blood serum protein half-life indicating the
catabolism are resumed in table 7. From this table we can see, that half-life
values differ with authors. In the same vay have our results to be judged from
the standpoint respecting the labelling method used.

In literature we find many proofs concerning variations of catabolism speed
of the same protein fraction in different animal species. For dogs the experimental
data gave Wasserman et al. (1951), Dixon et al. (1952), Goldsworthy
et al. (1958), for rats Niklas et al. (1952), Campbel et al. (1956), W ig-
gans et al. (1957), Jeffay et al. (1958), Walter et al. (1958), for sheep
Campbell et al. (1961). Especially the work of Dixon et al. (1952) is femer-
cable. It contains data for many animal species. An extraordinary great attantion
was given especially to the study of the catabolism of human blood serum proteins:
Sterling (1951), Bersonetal. (1953), Margen et al. 1956, 1957, Gitlin
(1957), Bennhold et al. (1959), Takeda et al. (1959), Cohen et al
(1961). Problems of catabolism of foreign proteins were studied by Latta
(1951), Terres et-al. (1960).

In our experimental conditions we used for an investigation about the speed
of catabolism of blood serum proteins the labelling with 131 as described previously.

The animals used for the investigation received 3—4 days before beginning
of the experiments as well as during the experiments drinking water with NaJ
(100 mg/1 1 water) in order to enhance the capturation of iodine from the labelled
proteins through the thyroid gland (Mc Farlane — 1956) and in order that
the thyroid gland may not secondary influence the distribution of active iodine
over serum proteins (Hradec et.al. — 1954, Lamarque et al. — 1958).
Such drinking water was also sprayed over victuals.

Labelled blood-serum proteins were applied to rabbits mtravenous]y in the
border ear vein. Five minutes afterwards a blood sample was taken from the border
vein on the opposite ear. Further samples were taken in 1 3 days intervals
during the whole time of approximately 2 weeks. '

From blood samples we prepared serum and this was separated through paper
electrophoresis into albumins and globulins. After staining we measured the
specific radioactivity and after this we determined colorimetrically the fraction
concentration.

Values of measured 13‘1 activities in protein fractions corrected as to the physical
half-life of the radioisotope were inscribed in a semilogarithmic coordinate diagram
in the way that the beginning value of activity (e. i. 5'minutes after application)
in albumins as well as in globulins was taken as 100 p. c. Activities on following
days were then determined in p. c. A curve was interpolated through the measured
points and from this curve we concluded on the character of catabolism in blood
serum proteins.

The sinking of acivity in serum proteins shows a characteristic form, which
is in good accord with literature data (fig. 24). In 2—3 days the activity sinks
rapidly. This rapid sinking is designated as distribution phase. Further the sinking -
is slow and in semilogarithmic coordinates apperars to be linear. This phase is
- designated as metabolic (degradation) phase. Through extrapolation on this section
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Table'7.'Vi.luel‘ of hiological half-lives in

days of gerum proteins of rabbits after different

authors.’
Biological -7
Author Fraction half-life Remarque
in days 2
Dixon et al. 1311 —glob. 461 0.8 Fractionation with alkohol
1952 131] —glob. 57+ 1.2 Fractionation with amonium
sizlphate
Stevens et al 355 —alb. 7.1 methionine
1953 b 355 —glob. 5.0 methionine
" 5
. Oeff 1311 —alb, 4.7—49
1954 ¢ 131] oy —glob. 29—-34
1341 4y —glob. 23-27
13118 glob. 3133
1311y —glob. 32—35
Mc Farlane %C—alb. 79 14C aminoacids
1956 14C —glob. 6.1 14C aminoacids
1311 —alb. 7.0 Jet-iodination* of -oxalate
131] —glob. 4.0 plasma in glycine buffer at
pH 9.3
Cohen et al 1311 —alb. 8.4—7.5—7.0 |. Different ways of iodination
1956 1311 —glob. 6.2—6.0—4.0
Smolidev 355 —alb. 16.5 methionine
1957 35S ey —glob. 18.0
. 35Sy —glob. | 10.5
3558 —glob. 8.8
355y —glob. 8.3
Schultze 3558 —globulin 4.2 methionine
1957 - 35Sy —globulin 6.8
Schultze et al ‘ 3558 —glob. 41 methionine
1957 35Sy —glob. 6.8
Penn et .al. 4C—alb. 105 14C —glycine
1957 14C—alb. 10.8 14C —alanine
4G —aib, 114 #4C —glut. acid
$4C—alb. 11.7 14C —tyrosine
$4C—alb. 12.4 #4C —arginine
$5C —alb. 15.7 14C —1ysine.
Paulov 431 —a]b. 6.901+0.18 Iodination with targets in
1311 —glob. 4.0410.13 glycine buffer at ph-9.3 -
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we detérmine the values of 'biological -half-lif¢. (A mathematical foundation: for
this- expression is given by Matthews — 1951 and Schwieg — 1953).. .

Biological half-life as determined on ten rabbits are in table 8. On fig. 25 there
is'a summary diagram which gives eharacter of catabolic processus of serum
albumins and glebulins with indicated values of mean biological half-life. We see

Ac :
- '
18\-' VR Y AL R AR B B B B B B B
ofs_ L} d
60 .
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Fig. 24. Radioactivity *'I decay in serum proteins.
Ac — height corresponding to the logarithmic value of the specifical activity
in p. ¢ '
T — time in days, .
L. — distributive (mixing) phase,
1, — metabolic (degradation) phase,
Towor — determination of the biological half-life through extrapolation.
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Fig. 25. Catabolism character of serum albumins and globulins measured through the I
labelled proteins.

Numbers given for albumins (4) and globulins (G) are the mean values of biological half-times found
: . for 10 rabbits.
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_that globulins are more rapidly decomposed than albumins. Determined values
Ty, 4re in some cases near the values found in literature, they are to be viewed
from the standpoint of the method here used.

Conclusion: Serum globulins show a more rapid catabolism than serum
albumins.

- Table 8. Values of biological half-lives of serum albumins and globulins in sane rabbits in days.

Biological half-life Quantity of fractions
Nr in days in per cent
Albumin Globulin Albumin ' Globulin
1 7.0 42 70.0 30.0
2 7.0 4.0 65.0 35.0
3 7.0 42 66.0 340
4 6.9 4.1 70.0 30.0
5 6.5 38 68.0 320
6 70 | 41 67.0 330
7 70 40 64.8 352
8_ 6.7 40 71.0 29.0
9 6.8 41 70.6 294
10 g 7.1 3.9 69.6 30.4
x 6.90 4.04 68.20 31.80
ot 018 0.13 2.36 2.36
wila 6.5 338 64.8 29.0
X 7.1 42 71.0 35.2

e) Quantity spectrum of incorporated methionine 35S in serum proteins

A great number of authors occupied themselves with the problems of blood
serum proteins in many animal species. Remerquable results were obtained, but
experimental data are ofter discordants. In this chapter we try to verify published
experimental results and complete them with data about the catabolism of serum
proteins. We are principally interested in a determination of the quantity spectra
of incotporated methionine, as especially this side of the problem was until now
not studied sufficiently in detail in literature.

Methionine 35S was applied to the border ear vein of a rabbit and blood samples
were taken from the same vein on the opposite ear in intervals of 5 minutes,
1, 2, 4, 6, 8, 10 and 12 hours after application. From blood samples we prepared
the serum which was separated in fractions through paper electrophoresis. The
protein fractions were then stained with bromphenol blue and cut into sections in
places of minimum coloration. The sections were measured as to their specific
activity 3S with a G. M. counter. After this measurement we immerged the sections
in eluation solutions and determined the quantities of protein fractions.

The values of activities in individual serum proteins were noted in a diagram
and a curve was afterwards interpolated through the measuring points. We
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obtained so a picture of the incorporation of methionine in' individual protein
fractions as a function of time (fig. 26).
In our experiments are have found that a maximum of incorporation of methio-

nine in all serum proteins is attain-
ed in 6—8 hours after its applic-
ations. In literature we find differ-
ent data concerning the obtention
of this maximum as well as of the
summary heigth of this incorpor-
ation (Niklas et al. — 1952, K u-
rochtina — 1954, Green et al.
— 1955, Okulov — 1956, Smo-
lidev et al. — 1957, Rodionov
et al. — 1959). Our data are par-
tially in concordance with indic-
ations of these authors.

When determining  quantity
spectra of incorporated aminoacid
we used the blood sample taken 12
hours after application. The values
of determined specific activities (in
p. c¢.) for 5 experimental animals
are noted in table 9. As a prof
about the distribution of the incor-
porated aminocaid we include here
the fig. 27, where an autoradio-
gram is completed with a diagram
of the fraction distribution.

The quantities of incorporated
aminoacid in individual fractions

Ac
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2 4 6 8 10 12

Fig. 26. Character of incorporation of methio-

nine: %S in serum proteins.

T — time in hours,
Ac — specific activity %S (imp/min/mg).

Fig. 27. A documentary photography concerning methionine 3’S quantities incorpora-ted in serum

proteins at the time of maximal incorporation (12 hours after aminoacid application).
. Autoradiogram and the corresponding graphical evaluation.
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' (t‘hen- mean values) cafi beé demonstrated graphlcaly We obtain so again 4 spec-
trum as it was the case with bound 3] and with polarographically ctivy groups
(#ig. 28). The spectrum here obtained is specific in his character and shows that

. quantities of mcorporated aminoacid do not correspond to the quantities of protein
fractions. So f. i. albumins incorporate less of aminoacid than globulins (fig. 29).
Specific relations are equally as to the distribution of incorporated aminoacid in
individual globulin fractions (fig. 30).

Table 9. Quantities of incorporated methionine S35 in proteins of the blood serum proteins of
, sane rabbits 12 hours after intravenous application of aminoacid.

. S
. . . 35
Quantity of proteins in per cent Qu&"}?igﬁﬂ?iﬁ";::g:ms :
e (colorimetric determination) (insasurement with CM-courited)
Globulin - Globulin
Albumin Albumin
& ' g l Y a | B | y
1 63.1 13.1 11.0 128 46.1 21.0 171 15.8
2 68.9 9.6 8.7 12.8 44 4 20.4 18.3 16.9
3 " 636 12.3 7| 10.0 14.1 42.4 19.8 19.1 18.7
4 67.1 12.7 96 | 10.6 41.8 20.9 19.2 18.1
5 70.0 9.1 8.2 12.7 44.0 20.6 17.7 17.7
% 66.54’ v 11.36 9.50 12.6 43.74 20.54 18.28 17.44
ot 3.09 1.80 1.09 1.25 1.68 0.45 0.90 1.12
X 63.1 9.1 82 | 106 418 198 | 171 | 158
X i 70.C 131 11.0 14.1 46.1 21.0 19.2 l 18.7

The relation between quantities of incorporated aminoacid and of proteins will
be more explicit, when we express the quantities of incorporated aminoacid on
individual quantities of protein fractions (fig. 31 and 32). This shows us that
equal quantities of albumins incorporate two and half less aminoacid than globulins
(exactly 2.56 times). But even globulin fractions do not equaly incorporate methio-
nine. :

A ditferent degtee of methionine incorporation in individual protein fractions
points to their unequal anabolism. This property of unequal anabolism speed must
be on the other side compensated by catabolic processus.

Conclusion: Methionine 3§ incorporates in blood serum proteins with a deter-
mined speed and a maximum of incorporation is obtained in 6—38 hours after
" intravenous application of aminoacid,

The distribution- of methionine quantities in protein fractions gives a spectrum
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which' shows fthat the incorporated aminoacid quantities dre not directly” propor-
tional to ‘protein quantities. A" higher proteosynthesis is observed for globulins
than for albumins. ‘This unequal anabolism is compensated by unequal speed of
their catabolism. In fractions with reduced anabolism is reduced their" catabolism,
in fractions rapidly created there is equally a higher speed of their decomposition.

2. Changes in blood serum proteins of
rabbit under influence of ionizating
radiation

A certain nomber of changes produced
‘in blood serum proteins of irrariated
animalg: is known actually. Through
knowledge of these changes we'can often
conclude on the degree of lesion of irra-
diated jorganism. Experimental data often
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Fig. 28. Quantity spectrum of incorporated *5S
methionine [l and quantity . spectrum of
- protein fractions 1 (in p. c.).

q .
70

_166.54

60

56.26
I

50+

23,74

40
30}

20

A G

& Fig. 29. Quantities of incorporated methio-
nine [l in serum albumins and globulins’
and quantities of these fractions 1

in p. c

203



vsht;w,disczepancies and ,dif»ferencie&are especially in their summary ‘evaluations.

: We refered to these problems more in our work Paulov (1961).

- In relation with the research about some properties of blood serum proteins of
sane rabbits we have undertaken a study of the blood serum proteins of irradiated

- rabbits. In following chapters we give the main data of our study.

Ve used radioactive cobalt Co% (giving ¢ 335 '
400 gekv Ra) as a source of ionizing
gama radiation. The rabbits were submit- * ! T
ted to a single irradiation over the whole -
body in a distance of 1365 mm (centrum -
of the rabbit) from the source of radiation. o
-
. T 1~ v
160} i
140+ .
% . S ,g.
W 9% o i 4 120F g g y
)
X "’ Lo N 8 | © e
S o = 100f .
© Lo
JOor- N - ‘ n
80 e !
i I ©
20 4 6 -
* - 40|— -
10 -
20 .
of- J OoF I
1 ]
~ 1 [ 2 1
« n I A C.

Fig. 30. Quantities of incorporated methionine
BB in individual globulin fraction I

a) Changes in quantities of serum proteins in irradiated rabbits

in p. c.

Fig. 31. Quantities of incorporated methio-
nine [ related to unity quantities of

albumins and globulins C—1

The quantity of irradiation was determined in air with a Siemens-universal dosi-
meter (2 r/min). In experiments we used dosis of 800 r, 1000 r and 1100 r.
(LD.50/30 for gama radiation %0Co is after Rust et al. — 1955 equal to 1094 r.
For rtg radiation on rabbits is the lethal dosis 750 —825 r as indicated by Bacq
et al. — 1955).

In the majority of publications is described that in irradiated organisms
a reduction of albumins and an increase of globulins is produced. The increase
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s mainly due to alpha and beta globulins whereas gama globulins show a reduction.
This character of changes is not always confirmed as there are other changes ‘of
blood proteins especially in individual serum globulins. The character of these
changes in postradiative period can vary. Frequently we observe that changes in the
spectrum of protein quantities are typical for each experimental animal (each
individuum). '

With rabbits the changes in blood serum proteins were described by a certain
number of authors: Stender et al. (1953), Andreoni et al. (1955),
Meyniel et al. (1955), Ivanovet al. (1956), Fastju§enko et al. (1957),
Smolic¢ev (1957), Blochina et al. (1959), Kosmider et al. (1960 b),
Paulov (1961), Waldschmidt et al. (1961). Changes in serum proteins
Rl of irradiated guinea-pig described Kohn

C (1950), Meyniel et al. (1955), of
T T T irradiated pigs describes Grigorjan et
al. (1959), of fishes EpStejn et al.
o (1959), of rats Gjessing et al. (1950),
. Suplee et al. (1952), Hohne et al.
© - | (1953), Westphal et al. (1953),
2001 S - Fisher et al. (1955), Hohne et al
pod (1955), Bauer et al. (1956); Wink-
180 1_ leretal (1956), Gross et al. (1958),
________ X Lozsa (1962), of mice Shekarchi
60 < et al. (1960), of dogs Muntz et al. -
1 o) (1949), Gornadtzer et al. (1953), Li-
[
o - Ie
140 50 . T T T T ™ ¥ ¥ v T
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Fig. 32. Quantities of incorporated methio- Fig. 33. Changes in serum protein quantities of
nine [ related to unity quantities of a rabbit irradiated with a single whole-body

globulin fractions 4« gosis of 800 r. :
X — arithmetical mean value of in total glo- . T — time in days after irradiation,
bulins incorporated aminoacid. C — change in serum protein quantities in p. c.
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binzen (1959), Z1¢ha et al. (1959), and of men Mahnert (1920),:Jam-
meét et al. (1959), Nifivaki et al. €1959), Veit (1953).
. Our experimental results are in generdl in good accord with the data published.
We observed in all rabbits a reduction of albumins and gama globulins and an
increase of alpha and beta globulins (fig. 33).

_Conclusion: In irradiated rabbits there is a reduction of albumin and gama
‘globulins and an increase of alpha and beta globulins. ‘

b) Apparition of new proteins of type X in serum of irradiated rabbits

In the metodic part of this publication we refered to the introduction of an S
section. It is the section from the starting line to the beginning of the gama
globulin fraction. We observed often that this section stains in a relatively intense
way with bromphenol blue on serum of irradiated rabbits. This may indicate
the presence of some proteins.

We studied more profoundly this section for rabbits irradiated with a dosis of
1100 r (6 animals). We observed that appear even 1—2 distinctly differenciated
fractions in the S section. We designed these fractions as Xy, 5. More in detail we
described this in an other publication (Paulov .— 1962 a). (These proteins are
not identical with the so called reactive proteins C — Riley et al. 1962, Tuka-
¢inskij et al. — 1961 but this are new up now in literature non described
fractions.) )

The new. fractions show besides a good -affinity to bromphenol blue a small
mobility in electric field and possess minimal quatities of polarographically active
groups (determined after Homolka — 1953). They do not colour with Sudan
black B — a stain characterising the lipoproteids (after Swahn — 1952). These
fractions do not appear in rabbits irradiated with smaller dosis and were not
observed in serum of with 1100 r irradiated rabbits during their postradiative
period but only before the death. - - ‘

We suppose that the apparition of these proteins in serum of irradiated rabbits
hangs together with a last natural protection of the organism against radiative
influences. We can nevertheless equally suppose that this are corporal proteins
which get in blood as a consequence of general destructive changes caused by
ionization, this in order that they may be transported to another place of action
or made ready for expulsion from the organism.,

Conclusion: In serum of irradiated rabbits with a dosis of 1100 r new proteins
Xy, o were identified appearing in blood before the exit of the animal on irradia-
tion dissease. These proteins were until now not described in literature by other
authors. t. ;

“¢) Changes in catabolism of serum proteins under influence of ionizing radiation
Among the plurality of methods which begin to be used nowadays for the study
of changes in proteins of irradiated organisms, there are in foreground the labelling
methods with radioactive isotopes. We hawe found only a few publications in
literature about application of these methods to irradiated organisms. Smolicev
(1957) administred to rabbits methionine 3°S together with 32P radiating and
states that all serum proteins are more rapidly decomposed. Steinfeld et al.
(1957), Yalow et al. (1957), Bloom et al. (1958) observed that irradiated
proteins are more rapidly expulsed from organisms. :
In order to determinate® the speed of catabolism in serum proteins of irradiated
rabbits we. used labelling of serum proteins with 1311. Labelled 1311 serum proteins
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Fig. 34. A documentary photograph of the apparition of X type proteins in serum of irradiated

rabbits.

1. spectrum of a sane non-irradiated rabbit,
2. spectrum of a rabbit 12 days after irradiation (2 days before exitus) containing distinctly
the X, fractions, ’
3. spectrum of a rabbit 6 days after irradiation (1 day before exitus) with a distinct X fraction,
— section from start to the beginning of the gama globulin fraction,
SL — start and direction of fractions migration.
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Fig. 35. Character of ‘sinking of *I activity in blood serum proteins of rabbits after irradiation.
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— indicates the data of irradiation of the rabbit under experiment.
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Fig. 36. Sinking of the 'l activity of serum albumins and globulins of rabbits after an
irradiation of 800 r.

Ac — logarithmic value of the specific activity # in p. c.,

T — time in days, '

4 — data of rabbit irradiation,

A — albumins, G — globulins with mean values of biological half-lifes indicated.

Table 10. A change in biological half-lifes of serum albumins and globulins of rabbits after one
irradiation of the whole body with a dosis of 800 r.

Biological half-life in days | Biological half-life in days
Nr . before irradiation after irradiation
Albumin Globulin Albumin Globdlin

1 6.7 4.0 41 . 3.0

2 70 11 48 32

3 A 3.9 40 2.8

4 7.0 4.1 42 31

5 6.9 40 42 31

6 7.0 40 5.2 3.0

7 6.8 4.2 5.1 33
x 6.93 4.04 451 3.07
ot 0.14 0.08 0.50 0.16
- 6.7 39 40 28 ‘
. 7.1 42 5.2 .33
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were applied intravenously into the border ear vein and after one week the rabbits:
were irradiated with unique dosis of 800 r on the whole body. Through mea-
surement of the 1311 activity in irradiated rabbits we distinctly observed two well
differenciated phases of accelerated sinking of activity (we denominated them as
the first and second postradiative degradation phases). The first phase lasts
approximately 1 day after irradiation, the second comes aftervards and has in the
whole rest of the postradiative periode a linear character when followed in a semi-
logarithmic diagram (fig. 35). Such phases were not until now described for
irradiated animals in literature. The accelerated reduction of 1311 activity it not
caused by primary ionization (Paulov — 1961) but has a metabolic character.
The sinking of activity described can evidently besides an accelerated catabolism
include even other factors (f. i. a dilutive effect etc.). We get an accelerated sinking
of specific 1311 activity even when we make a correction on equal quantities of
proteing (Paulov — 1960 b). '

Measured values of biological half-life of irradiated rabbits (7 animals) are
noted in table 10, mean values are graphically represented in diagram on fig. 36.

Orientation experiments with irradiated rabbits after dosis of 400 r and 600 r
showed a similiar accelerated catabolism and determinated values of biological
half-life did not differ substantially from those for rabbits irradiated at 800 r.

Conclusion: In irradiated rabbits it comes to an accelerated catabolism of
serum albumins and globulins in two postradiative degradation phases.

Fig. 37. Documentary photograph of the incorporation quantity of methionine **S into blood
serum proteins of a rabbit irradiated with a dosis of 800 r.

The blood sample from the irradiated rabbit was withdrawn 17 hours after irradiation (12 hours after
application of the aminoacid).

d) Changes in anabolisme of blood serum proteins in irradiated rabbits

In literature we find a lot of freqently discordant data about changes in
proteosynthesis of irradiated organisms. Stevens et al. (1953 a) observed an
increased incorporation -of methionine into albumins as well as into globulins
(more in globulins) for irradiated rabbits. Similiar results notes Okulov (1956).
Rodionov et al. (1959) states an increase of methionine incorporation Yor
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xrradmted dogs and this only in globulins. Smolicev (1957) notes a reduced
. “protheosynthesis of irradiated rabbits. Gabrieli et al. (1955) measure an
.increase of methionine incorporation in alpha and beta globulins and a reduction
of albumms in irradiated rats. Fedorov (1961) observes a simijliar phenomenon
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Flg 38. Quantity spectrum of the blood serum proteins
1=, quantity spectrum of incorporated methionine
%S in serum proteins- of controll animals M and
spectrum of incorporated methionine for irradiated

rabbits after .a.dosis of 800 r (in p. c).
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for irradiated dogs. Niko-
laev et al. (1959) note an
increase of proteosynthesis of
plasmatic and body proteins
in irradiated mice. In a num-
ber of works there are noncon-
cordant indications on proteo-
synthesis of other bodily pro-
teins (Hempelmann et al.
— 1950, Alexandrov —
1956, Kay et al. — 1956,

Kumta et al. — 1957,

Richmond et al. — 1957,
Janous$ek et al. — 1960
a, b, ¢).
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From the publications mentionned in results that we ¢annot tniformly take for
valable the statement as to the proteosynthesis in irradiated organisths being
enhanced or being accelerated through irradiation. Yet some specificity is to be
observed as to the proteosynthesis in ‘individual proteins. We have naturally to
take with a certain reserve the opposite results published concerning the same
* problem studied by different authors. , >

We occupied us also with the question o
of proteosynthesis in irradiated rabbits. —
Five hours after irradiation with a dosis 280"‘
of 800 r we applied to rabbits intrave-
nously methionine 35S and 12 hours later
we withdraw blood sample in order to
determinate the degree of incorporation
in individual fractions. In our experi- 240}
mental conditions we observed that in
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irradiated rabbits an increased proteosynthesis of globulins sets in and that
_albumins and gama globulins show a sinking creation. Increased proteosynthesis
of globulins is caused only through increased proteosynthesis of alpha and beta

fractions (fig. 37, 38, 39, 40 and table 11).

When we calculate the quantities of incorporated aminoacid on unitary quanti-
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-Fig. 42. Quantities of methionine 35S incorporated in

serum globulins of controll rabbits Ml and of irra-
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globulin fractions C——}

N
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ties of proteins, we can see for
irradiated rabbits in equal quan-
tities of albumins there is less
aminoacid than in equal quan-
tities of globulins (fig. 41) and
the relation between these quan-
tities attains 8 ‘times (exactle

8.04 times). With the help of a - A

similar calculation for individudl
globulin fractions we can ascer-
tain that alpha and beta globu-
lins have by far a higher incor-
poration of aminoacid than glo-
bulins (fig. 42).

We give these changes in rel-
ation with the determined chan-
ges in protein quantities and in
the speed of catabolism in the
following way: An increase in
albumin quantities with irradia-
ted rabbits is caused by their
accelerated catabolism and by a
reduced proteosynthesis. An
increase of globuline quantities
is a result of their increased
proteosynthesis (principally for
alpha and beta globulins) which
overbalances even their acceler-
ated catabolism.

Conclusion: In irradia-
ted rabbits it comes to a reduced
proteosynthesis of serum albu-
mins and gama globulins and to
an increase of the proteosynthe-
sis of total globulins principally
by a higher creation of alpha
and beta globulins.



Summary

In this publication some problems are studied concerning experimental methods
applied for research in the physiology of blood serum proteins. On the basis of
experimental constatations following conclusions are submitted:

1. Quantity spectrum of blood serum proteins is typical for the species.

2. Quantity spectrum of polarographicaly active groups of blood serum proteins
is typical for the species and is in no accord with the quantities of protein fraction.

3. Quantity spectrum of labelled 131 in vitro for serum proteins is typical and
in no accord with the quantities of protein fractions.

4. Blood serum proteins fractiones have an uneqal catabolic and anabolic speed.

5. The spectrum of incorporated methionine 35S in serum proteins (after obtaing

maximum incorporation) is typical and is in discordance with the quantities of
protein franction.

6. In irradiated rabbits there appear typical changes in their quantity spectra
of blood serum proteins and sometimes appear proteins of the type X.

7. Changes in quantities of serum proteins in irradiated rabbits are caused by
changes in catabolism and anabolism.

Table 11. Quantities of incorporated methionine S in blood serum proteins of sane and
irradiated rabbits with radiation dosis of 800 r.

Quantity of methionine S35 Quantity of methionine S®
(in per cent) in sound rab- (in per cent) in .irradiated '
bits determined 12 hours rabbits (17 hours after irra-
N after application of amino- diation and 12 hours after
r acid application of aminoacid)
Globulin Globulin
Albumin/ Albumin
« | 8] 7 « | 8| v
1 46.1 21.0 17.1 15.8 20.3 35.8 31.1 128
2 444 20.4 183 16.9 16.9 373 322 136
3 424 19.8 19.1 18.7 194 35.7 316 133
4 41.8 20.9 19.2 18.1 18.5 40.7 333 75
5 44.0 20.6 17.7 17.7 213 .| 399 31.9 6.9
x 43,74 20.54 1’8.28 17.44 19.28 37.88 32.02 10.82
ot 1.68 0.45 0.90 1.12 1.84 2.12 0.86 3.30
% min 41.8 19.8 17.1 158 16.9 35.7 311 69
X max 46.1 21.0 19.2 18.7 213 1 407 333 136
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F

BIELKOVINY KRVNEHO SERA 'KRALIKOV V NORMALNYCH A RADIACNYCh
PODMIENKACH

S. Paulov
Stihrn

V predkladanej prici sa refia niektoré problémy pracovnych metéd pouzfvanych pri Stadiu
fyziolégie bielkovin krvného séra a na podklade experimentilnych vysledkov sa podavaja tieto
zdvery:

1. Spektrum mnoZstiev bielkovin krvného séra je druhove typlcke

2. Spektrum mnozstiev polarograficky aktivnych skupin sérovych proteinov je druhove typické
a nezhoduje sa s mno#stvami bielkovinovych frakeii.

3. Spektrum mnoZstiev naviazaného J13! in vitro u sérovych proteinov je typické a nezhoduje sa
s mnozstvami bielkovinovych frakcii.

4. Bielkoviny krvného séra sa vyznaéujii nerovnakou rychlostou katabolizmu a anabolizmu.

5. Spektrum mno#stiev inkorporovaného mentioninu S35.v sérovych proteinoch (po dosiahnuti
maxima inkorporacie) je typické a nezhoduje sa s mnozstvami bielkovinovych frakeii.

6. U oziarenych krilikov vyskytuja sa typické zmeny v spekire mnoistiev bielkovin krvného
séra a niekedy bielkoviny typu X.

7. Zmeny v mno#stvich sérovych protefnov oZiarenych kralikov si podmiefiované zmenami
ich katabolizmu a anabolizmu.

BEJIKOBbIE BEHIECTBA KPOBSAHOIo CEPYMA Y KPOJIMHKOB
B OBbIKHOBEHHBIX U PAJHUAL(HOHHBIX YCJIOBHUSX

I ITaynaos
Peawome

B npeaniexauieii paGote pernalorcs HeKoTopele Npo6aeMbl pabouHX METONOB NMPHMEHsEeMBIX
NPH HCCIENOBaHHK (H3HOJNOTHH KPOBSIHOTO CePyMa H HAa OCHOBAHMHM 3KCNEPUMEHTaJIbHHX
pe3yJibTaToB MOAAIOTCS CJIAYIOlIHEe BBIBOJKI:

1. Cnektp KOJIHYeCTB GEJKOBBIX BELIeCTB KPOBSHOrO cepymMa SBJAETCS 10 BHAY THIH-
YECKHM.

2. CnekTp KOJIHYECTB nomporpaquecxn aKTHBHBIX TPYNN CEPYMOBBIX IPOTEHHOB
SIBJISETCS TO BHAY THIHYECKHMM W He corjiacyercsi ¢ KoJuuecTBaMH OeJKOBMHHBIX (paKumi.

3. Cnextp KosuectB HaBsidauHoro J*! in vitro Y CepyMOBHIX IIPOTEHHOB ABJSETCS THIM-
YEeCKHM M He COTJIACyercsi C KOJIHYEeCTBAMU GeJIKOBHHHBIX (pakumii.

4. BesikoBbie BEIECTBA KPOBSIHOrO CepyMa OTJIHYAIOTCS HEOJHHAKOBOH CKOPOCTBIO Kara-
6osn3Ma H aHa6Gosu3Ma.

5. CnekTp KOJIMYECTB HHKOPIOPOBAHHOrO MeTHOHHHA S* B CEpyMOBHIX NPOTeHHAX (mocaie
JOCTHXKEHHS] MaKCHMyMa HHKOpHOpauHH) TUNAYECKHI M He COTJIaCyIOIMMHCS C KOJHYECTBAMH
GeJIKOBHHHBIX (PpaKIHi.

6. ¥ 06ayuyeHHBIX KDOJMKOB HACTAIOT THINHYECKHE TepeMeHbl B CHEKTpPe KoJHuecTB 6eJi-
KOBHHHBIX BeleCTB KPOBSIHOrO CepyMa M HWHOTAa BcTpeualoTcsi 6esikoBHe BemiecTsa Ttuna X.

7. IlepeMeHBl B KOJIHUECTBAX CEPYMOBBIX MPOTEHHOB Yy OGJY4eHHHX KPOJHKOB 0O0Y-
CJIOBJISSeMBl nepeMeHaMH KataGosn3ma H aHa6oJjH3Ma.
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TOM. VIII. FASC. IV. ZOOLOGIA : 1963

Quantity spectra of polarographically active groups of blood
serum proteins in fishes (tinca tinca L.) and in frogs
(Ranatemporarial.)

§. Paulov, S. Kmefova

In the course of studying the quantities of polarographically active groups of
serum proteins in different animals we have found, that there is no accordance
between the spectra of polarographically active groups and the spectra of quantities
of protein fractions and that both.spectra are typical in species.

In the proposed work we have taken for our aim to analyse the above-mentioned
types of spectra in Tinca tinca L. and in Rana temporaria L., for which the ana-
lyses we determined the spectra by method described in the work Paulov
(1963). :

The quantity spectrum of serum proteins as well as the spectrum of polaro-
graphically active groups in Tinca tinca L. are represented on fig. 1, in Rana

;% T l. T T T % T T . ; = -
50+ 4
0 - o
::'n
I~ <or- e b
401 . 4 (0]
301
J0r o -
'\K. N © w N
L o S ‘:Q
o o N N &
& 20 -
20r . .
ol
-
-~

10.2
8.3

1

.
N
o . S I
2 ]
>~ 3 0N =
101— = [i ] 1

] l:' | |

oF - 1
‘ 1 : 1 : 1

N I A 1 1 1

'4 ", .;2",,_"7.r : A «, o, n &

Fig. 1. Quantity -spectrum’ cf: proteins 1. . Fig. 2. Quantity spectrum of proteins L——}

and quantity spectrum of polarographically and quantity spectrum of polarographically

active groups in fractions [l (in p. c.) in  active groups in fractions JlllM (in p. c.)'in
Tinca tinca L. Rana temporaria L.
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temporaria on fig. 2. From figures mentioned it is evident that both spectra are
quite different and that they are typical for species of animals. .
On fig. 3 there are shown the quantities of polarographically active groups in
relation to unit quantities of serum proteins in Tinca tinca, on fig. 4 there are
theese data for Rana temporaria.
From above-mentioned experimental results may be concluded that spectrum
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Fig. 3. Quantities of polarographically active  Fig. 4. Quantities of polarographically active
groups MM relative to unity quantities of  groups relative to unity quantities of serum

serum proteins I3 in Tinca tinca L. __ proteins "l in Rana temporaria L.

x — arithmetic mean value of quantities of po- X — arithmetic mean value of quantities of polaro-
ll;mioga‘phically active groups in total glo- graphically active groups in total globulins.
ulins.

of serum-protein quantities as well as spectrum of - polarographically active groups
are for Tinca tinca and for Rana temporaria typical in species. It is for this time
not possible to give a generalry valuable conclusion. The mentioned experimental
results are only a part of a larger complex of problems in the comparative physio-
logy of blood serum proteins.
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Sumary

The authors analyse the quantity spectra of blood serum proteins and the quan-
tity spectra of polarographically active groups in these fractions in fishes Tinca
tinca L. and in frogs Rana temporaria. 2. The authors conclude that both spectra
are typical in species. '
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SPEKTRA MNOZSTIEV POLAROGRAFICKY AKTIVNYCH SKUPIN BIELKOVIN KRVNEHO
SERA RYB (Tinca tinca L.) A ZIAB (Rana temporaria L.).

S. Paulov, S. Kmefova

Sidahrn

Autori v predkladanej préci analyzuji spektrd mnoZzstiev bielkovin krvného séra, ako aj spekirs
mnozstiev polarograficky aktivnych skupin v tychto frakciach u ryb Tinca tinca L. a ziab Rana
temporaria L. Zistujii, Ze obe spektra si druhove typické.

CNEKTPB! KOJIMYECTB MOJIAPOrPA®HYECKH AKTHBHBIX TPy
BEJIKOBbIX BEUIECTB KPOBSIHOIrO CEPYMA
Y PbIB (Tinca tinca L.) U JIATYWEK (Rana tamporaria L.)

IOl. Maynos, C. KmMmeThoBa

Pesiome

B npepsnaraemoit paGoTe aBTOpPH AaHAJH3HPYIOT CNEKTPH KOJHUECTB GEJKOBHX BeuecTs
KPOBSIHOTO CepyMa KaK TaKKe CNeKTPH KOJIHYECTB INOJApOrpadHyeckd AaKTHPHHX Tpynn
B Tex (paxuusx y pu6 Tinca tinca L. n y aaryumek Rana tamporaria L. Buao ycranosseHo,
4T0 06a CHeKTPH SBJAIOTCH MO BUAY THOHYECKHMH.
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About some changes in hen eggs during the incubation

J. Veselovsky

In our laboratories we are studying some physiological problems in incubated |
eggs, because there is not enough attention devoted to this research. )
1. The total weight during the incubation-rime. We have ¢«

o
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Fig. 1. Changes in weight of incubated eggs.

ascertained, that the weight of eggs (12 pieces) during ineubation constantly dimi- -
nished. This decrease was regular and attained approximatelly 2 grams in, 30 days.
The whole dynamics of the weight changes is drawn on fig. 1 an on table 1.

The asserted experimental results of weight changes are typical. It is possille
to set them partially in correspondence with the literary data of authors as
Teodorjan et al. (1961), in which we found but orientative and unre gularly
obtained data.

2. The consistence of the egg-white. We have investigated the
white of eggs in a series of eggs, in which we have followed the weight changes in
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_ Table 1. The table of changes of weight in incubated eggs.

: Dayurof incubation
Nr
o [ 2] s T8 [ulwu[n5]|16]1]1.]1
1 60.40 | 60.05 | 59.75 | 59.50 | 59.25 | 59.00 | 58.90 | 58.80 | 58.70 | 58.55 | 58.45
2. | 5930|5000 | 5875 | 58.43 | 58.10 | 57.85 | 57.75 | 57.65 | 57.55 | 57.45 57.35 |
3 54.50 | 54.10 | 53.85 | 53.65 | 53.35 | 53.05 | 52.85 | 52.70 | 52.55 | 52.40 | 52.25
4 58.10 | 57.80 | 57.55 | 57.35 | 57.12 | 56.87 | 56.75 | 56.60 | 56.45 | 56.35 | 56.20
5 :60._30 60.04 | 59.72 | 59.42 | 59.17 | 58.87 | 58.75 | 58.60 | 58.45 | 58.30 | 58.15
6 50.35 | 50.10 | 49.75 | 49.50 | 49.25 | 48.95 | 48.85 | 48.70 | 48.55 | 48.40 | 48.25
7 5185) 51.55 | 51.25 | 51.05 | 50.75 | 50.50 | 50.40 | 50.25 | 50.15 | 50.00 | 49.85
8 56.90 | 56.68 | 56.35 | 56.05 | 55.80 | 55.45 | 55.30 | 55.15 | 54.95 | 54.80 | 54.60
9 5140 | 5115 | 50.75 | 50.55 | 50.30 | 50.00 | 49.85 | 49.70 | 45.55 | 49.40 | 49.25
10 5540 | 55.05 | 54.65 | 54.40 | 54.05 | 53.70 | 53.55 | 53.35 | 53.20 | 52.95 | 52.75
1 5110 50.90 | 50.65 | 50.45 | 50.25 | 50.00 | 49.90 | 49.80 | 49.65 | 49.55 | 49.45
12 820| 4775 | 4730 46.85 | 46.45 | 45.90 | 45.70 | 45.45 | 45.15 | 4495 | 44.75
| 8 | 5482|5451 5419|5393 | 5365 | 53.34 | 53.21 | 53.06 | 5291 | 5276 | 52.61
x
% | 100.00 | 99.43 | 98.85 | 98.38 | 97.87 | 97.30 | 97.06 | 96.79 | 96.52 | 96.24 | 95.97
s+ 415| 421| 425 425| 427 43 73; 435| 438 439| 441
N 48.20| 47.75 | 47.30 | 46.85 | 46.45 | 4590 | 45.70 | 45.45 | 45.15 | 445 | 4475
Wi 6040 { 60.05 | 50.75 | 59.50 | 50,25 | 59.00 | 58.90 | 58.80 | 5870 | 58.55 58.45
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Fig. 2. The densification of egg-white and the falling out of gel from albumin-solutions.

1-th — control test (dilution 1:2)
2-th — 5-th dav of incubation (dilution 1:2)
3-d — 8-th day of incubation (clouding) (dilution 1:2)
4-th — 11-th day of incubation (gel) (dilution 1:4)
5-th — 14-th day of incubation (gel) (dilution 1:4)

intervals of two or three days. We have diluted this eggs-white for the necessity
of further researches in a proportion 1:2 till 1:4 with veronal-acetate buffer pH ©
(according to Dittmer 1956). We have ascertained that with the proceeding
incubation it there is a densification of egg-white and that it begins at las to create
a kind of gel. This gelatinous substance (see fig. 2) is indissoluble in concentrated
mineral acids. (For this time it is not possible to give a more precise identification
of this gel.)

3. Proteins concentration in egg-white. A diluted egg-white was
divided by electrophoresis on paper in ovoalbumins and ovoglobulins (by P au-
lov —1961). After staining the fractions with bromphenol blue, we cut the
strip on places of minimal stain intensity and eluted the sections partly in
0,05 N KOH, partly in 2,05 % carbonate and 25 % methylalcohol. The
values of extinctions were checked through calibrated charts of concentrations.
The values befre incubation were set at 100 %, while the successive values were
determined by comparisom. We have found out that in course of the incubation
it came to an increase of protein concentration in egg white. Theré was a growth
of concentration in the shape of an S curve with a rapid ascent in the 5-th. — 8-th
day. The change of ovoglobulin fraction is shown for documentation on fig. 3.
Ovoalbumins show a similar change too. Wie had no succes to find until now in
accessible ‘special literature the mentioned character of changes.
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Imegg and egg-white the obtain-
.. ed results show that take place
- intensive changes in determined de-
" pendencies of time. Their detailed
study will be the object of our fur-
ther investigations.

Sumary

Author analyses- some weight
changes in incubated eggs as well
as some alteretions in egg-white.
The weight reduction is approxi-
matively linear in time and the con-
centration of proteins rises corre-
sponding to an S formed curve
: with incubation progress and show-
' } , ing a critical change on the 5th
4o ] day. During incubation a formeticn

P _ _ o ( of gel of egg-white was observed.
go 5 0 "~ 571 This was not diluted in conc. hy-
Fig. 3. The change of concentration of ovoglobulins droxides or concentrated anorganic

during the incubation. acids.

T represents the incubation-time in days, G — the change
of concentration in percent in comparison with the control
test.
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(o] NIEKTORYC{-! ZMENACH SLEPACICH VAJEC POCAS INKUBACIE
- Sdhrn -
J. Veselovsky

Adtor v prici analyzuje niektoré vdhové zmeny u inkubovanych vajec, ako aj niektoré zmeny
vo vajeénom bielku. Zistuje, Ze pokles vah inkubovanych vajec je priblizne linedrny a Ze v bielku
s. postupujtcou inkubaciou stipa koncentracia proteinov podla S-ovitej zévislosti s kritickou zme-
nou na 5. defi. V priebehu inkubicie pozorovalo sa vypadavanie gélu z bielka, ktory sa nerozpustal
v koncéntrovanych hydroxydoch ani v koncentrovanych mineralnych kyselinach.

» ¢
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0 HEKOTOPBIX MEPEMEHAX KYPHHBIX SHILL B TEYEHHE WHKYBALHH
Sl. BecenoBCKHH \

Pe3swome

,BTOpD aHaJIH3upyeT B HacTosiuieli paGoTe HeKOTOpble MepeMeHbl Beca y MHKYGHPOBAHHHIX
AL, KaK TaKxke HEKOTophle nepeMeHH B snyHOM Oenke. OH YyCTaHOBJSIET, YTO MNOHHMKEHHE
BECOB HMHKYOGHDOBAHHBIX SIMIL SIBJISieTCst MPHOGJIH3HTENLHO JIHHEapHRIM H 4TO B 6ejIKe C Tpo-
ABHrapouleics HHKyOanue# noBBILIAETCS KOHLEHTPAUHs NPOTEHHOB MO 3aBHCHMOCTH S-BHAHOM
C KpHTHYecKkoil nepeMeHofi B 5 HOeHb. B TeueHne uHKyGauuu HaGMIOZajsoch BhINagHBaHHE
xesje n3 Gejka, KOTOpOe He pacTBOPSJIOCh HH B KOHUEHTPHPOBAHHBIX THAPOKCHAAX HH
B KOHUEHTPHPOBAHHBIX MHHEDAJbHBIX KHCJOTaX.
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