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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  

Vol. X  1963 No. 4

Prof. Dainid Keilin, F. K. S.

Profesor K eilin  zmarł nagle 27 lutego 1963 r. w  Cambridge. Urodzony 
21 marca 1887 r. w  M oskwie, gdzie w  tym  czasie m ieszkali jego rodzice, 
w  okresie dzieciństwa powrócił do Polski i lata szkolne spędził w  War­
szawie. Ze św iadectw em  dojrzałości Liceum Górskiego w yjechał z War­
szaw y w  celu dalszego kształcenia się, początkowo w  Liege a następnie 
w  Paryżu.

W łaśnie w  Paryżu, pod kierunkiem  Maurice C aullery, do którego 
był głęboko przywiązany, K eilin zainteresował się żyw o parazytologią 
i ogólną biologią komórki. Pierwotniaki pasożytnicze, n icienie, owady, 
ich morfologia, fizjologia oraz ich cykle rozwojowe b y ły  głównym  przed­
m iotem  jego badań do roku 1925 czyli do odkrycia cytochromu. Z okresu  
tego pochodzi około 60 publikacji, w iele z nich w  języku francuskim, 
w  tym  jego praca doktorska, wykonana w  Paryżu oraz słynne prace 
związane z w ykryciem  cyklu rozwojowego m uchy Pollenia rudis, której 
larw y rozwijają się pasożytniczo w ciele dżdżownicy Allolobophora chloro- 
tica.

W ybuch P ierw szej W ojny Światowej zastał K eilina w e Francji, ale 
wkrótce w  lutym  1915 r. na zaproszenie prof. G. H. F. N uttalla z Uni­
w ersytetu  w  Cambridge udał się do A nglii w  charakterze asystenta  
naukowego. W Cambridge pozostał do końca życia i tylko na krótko 
powracał na kontynent, na dłuższe podróże nie pozwalała Mu bowiem  
przewlekła astma, przykra dolegliwość, od której rzadko udawało Mu 
się uwolnić. N ie w pływ ało to jednak na przebieg Jego pracy, zachował 
niezw ykle pogodny i optym istyczny stosunek do życia i ludzi. W roku 
1920 otrzym ał tytuł Beit Memoriał Research Fellow , w roku 1925 zo­
stał w ykładow cą parazytologii na U niw ersytecie, a w  r. 1931 następcą 
Nuttalla jako Quick Professor of B iology oraz dyrektorem  Molteno 
Institute of B iology and Parasitology.

W roku 1925 K eilin odkrył cytochrom. Jego praca ,,0  cytochromie, 
barwiku oddechowym , w spólnym  dla zwierząt, drożdży i roślin“, opu­
blikowana w  Proceedings of The Royal Society, wprowadziła przełom  
w  poglądach na biologię komórki i biochemię. Odkrycie to um ożliwiło  
badanie wewnątrzkom órkowego oddychania nienaruszonych komórek 
czy to larw y Gastrophilus, czy m ięśni skrzydeł owadów, czy też zawie­
siny drożdży, przez bezpośredni pomiar w  spektroskopie, metodą 
szczególnie prostą a jednak doskonałą. W ykazano, że „oksydaza indo- 
fenolow a“ jest oksydazą cytochromową, a funkcja dawniej używ anych
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sztucznych układów m odelowych „żelazo-w ęglow ych“ została właściw ie  
oceniona.

O w pływ ie badań K eilina na dalszy rozwój biologii komórki naj­
lepiej św iadczy fakt, że po upływ ie lat czterdziestu z trudem znaleźć 
można num er jakiegoś czasopisma, poświęconego fizjologii komórki lub  
biochemii, w którym  nie byłoby w iększych prac o istocie i funkcji bar­
w ików  cytochrom owych, co jest osiągnięciem  w ybitnym , nie ustępują­
cym  innym  odkryciom  naukow ym  naszych czasów.

Szczęśliw y zbieg okoliczności pozwolił autorowi niniejszego artykułu  
nawiązać współpracę z K eilinem  w  r. 1935. W tym  czasie głównym  
kierunkiem  Jego badań było oczyszczanie cytochromu c. Prowadził On 
rów nież szeroko zakrojone badania porównawcze nad niektórym i hem o- 
proteidami, w  stałej, szczęśliw ej współpracy z dr. E. F. Hartree. Molteno 
Institute w  ow ych czasach był ośrodkiem wyjątkow o pobudzającym  
twórczo zarówno m łodych jak i starszych pracowników nauki. Profesor, 
w  białym  laboratoryjnym  płaszczu, biorący zawsze najczynniejszy  
udział w  pracy doświadczalnej, otoczony był kolegami, przybyw ającym i 
do M olteno ze w szystkich zakątków świata, którzy poszukiwali u Niego  
porady, pokierowania i serdecznej przyjaźni. D yskusje obejm ow ały za­
sięg od k inetyki tego czy innego świeżo oczyszczonego' enzym u do' zawi­
łych  problem ów parazytologii, nad którym i pracowali dr. P. Tate 
i dr. A. Bishop i kilku innych w ybitnych parazytologów. Z badań, w y ­
konanych w  szczęśliw ej współpracy z K eilinem  najsilniej utkwiło  
w  pam ięci autora odkrycie, w  r. 1936, kompleksu enzym u peroksydazy  
roślinnej z jej substratem, nadtlenkiem  wodoru, a w  latach następnych  
oczyszczenie oksydazy polifenolow ej i lakazy z materiału roślinnego 
oraz hem okupreiny i anhydrazy węglanow ej z krwinek czerwonych; 
dwa z tych białek były dla nas źródłem szczególnej radości; hemo- 
kupreina ze względu na piękne, n iebiesko zabarwione kryształy; anhy- 
draza w ęglanow a ze względu na to, że była ona pierwszym  poznanym  
enzym em , zawierającym  cynk.

Innym  enzym em , którym  K eilin był szczególnie zainteresowany, była 
katalaza; wraz z Hartree dokonali ważnego odkrycia tzw. sprzężonego  
utlenienia, które zależy od czynności peroksydatywnej tego enzymu. 
W tych i późniejszych badaniach nad katalazą, peroksydazą, cytochro- 
mem, oksydazą kwasu bursztynowego, oksydazą glukozy i hemoglobiną, 
które w yp ełn iły  około 200 publikacji, przejawia się n iezw ykle bystry  
zm ysł obserwacji i bezcenna wprost, szeroka znajomość biologii zarówno 
św iata roślin jak i zwierząt. W toku badań nad hemoglobiną brodawek  
korzeniow ych roślin m otylkow ych wykazał Keilin, że sama roślina oraz 
sam, m ogący żyć z nią w  sym biozie, drobnoustrój Rhizobium  nie posia­
dają zdolności wytw arzania hem oglobiny, zdolność ta natomiast pojawia 
się w  sym biozie. W ykazał On także obecność hem oglobiny w drożdżach, 
pleśniach i u niektórych pierwotniaków. W ykonanie większości prac nad
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w ykryw aniem  śladów hemoproteidów w  różnych komórkach m ożliw e  
było dzięki um iejętnem u zastosowaniu metody spektroskopowej, którą 
K eilin  znacznie udoskonalił w  r. 1949, gdy zauważył, że wartości 
ekstynkcji widma absorpcyjnego hemoproteidów można znacznie zw ięk­
szyć obniżając temperaturę.

Dawid K eilin  był nie tylko w ybitnym  naukowcem, lecz także czło­
w iek iem  o wysokiej kulturze i o w ielkich zaletach charakteru. Niskiego  
wzrostu, energiczny, n iezw ykle serdeczny, był zawsze dostępny dla 
wszystkich, zarówno kolegów  jak i studentów, gotów wysłuchać, pora­
dzić, zaofiarować pomoc, poparcie i słowa zachęty. Dla kolegów  z Polski 
był specjalnie gościnny i uprzejmy. Do końca życia zachował doskonałą 
znajom ość języka polskiego i czytał w iele po polsku, zarówno czaso­
pisma naukowe, jak też powieści i poezje. W arszawę specjalnie często 
wspom inał jako swoje miasto ukochane, znane mu dobrze z lat dzieciń­
stwa. Ogromną radość sprawiła Mu w  roku 1959 wiadomość, że został 
w ybrany członkiem  Polskiej Akademii Nauk w  W arszawie. Oprócz 
członkostwa Polskiej Akademii został odznaczony w ielu  innym i za­
szczytam i. W roku 1928 został członkiem K rólewskiego Towarzystwa  
Nauk (Fellow  of the Royal Society: F.R.S.), w roku 1939 otrzym ał Medal 
K rólew ski (Royal Medal) za swoje osiągnięcia naukowe, a w  roku 1951 
tzw. Copley Medal, tj. najwyższe odznaczenie jakim bardzo rzadko 
obdarza naukowców K rólewskie Towarzystwo. Był członkiem  Francu­
skiej Akademii Nauk w  Paryżu, Am erykańskiej Akademii Sztuki i Nauki 
w  Bostonie, i doktorem honoris causa U niw ersytetów  w  Brukseli, Liege, 
Bordeaux i Utrechcie. O zaszczytach tych jednak wspom inał rzadko. Gdy 
w toku rozmowy pytano Profesora, co mogłoby Mu sprawić specjalną  
przyjem ność, odpowiadał niezm iennie: „Udane doświadczenie'*. Praca 
w  laboratorium była istotnie dla Niego największą przyjem nością, 
a w ykłady swoje dla studentów  urozmaicał pokazem skom plikowanych  
ale zaw sze udanych doświadczeń, które sam starannie przygotow ywał. 
Najbardziej jednak znamienną cechą ludzką Keilina była niezw ykła  
skromność, połączona z niezwykłą dobrocią, i ta cecha zaskarbiła Mu 
u Jego uczniów dozgonną miłość i szacunek. Profesor K eilin pozostawił 
wdowę, Dr. Annę Keilin, jak On pochodzenia polskiego, i córkę, bio- 
chem iczkę, Dr. Joan Keilin, która obecnie zajęta jest w ydaw nictw em  
książki, nad którą Ojciec Jej pracował w  ciągu ostatnich lat Sw ego  
Życia.

Tadeusz Mann, Cam bridge , England
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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

Vol. X  1963 No. 4

L. KONIECZNY and J. DOMAŃSKI

UNREACTIVE THIOL GROUPS IN HUMAŃ HAEMOGLOBIN

D e p a r tm en t  of Physiological C h em istry ,  Medical School, K ra k ó w

Among the thiol groups o f haem oglobin tw o types can be 
distinguished: reactive thiol groups, i.e. those w hich m ay be eśtim ated  
in native protein using specific reagents, and unreactive groups 
w hich are estim ated only after denaturation of the protein [6 , 15,2]. 
Most authors consider that the number of thiol groups in a haemo­
globin m olecule is from 6 [2,8] to 8 [6 ,13 ,15]; four of them  are 
unreactive, and the rem aining 2 or 4 are reactive groups [15,2]. 
The num ber of the reactive thiol groups is still discussed, and it has 
not been possible to elucidate this problem even by m eans o f sensi- 
tive amperometric methods. These methods are based on titration of 
thiol groups w ith silver or mercury ions. However, the activ ity  of these 
ions is so great that there is a possibility of their reacting also w ith  
other groups in the protein m olecule. The titration is  therefore carried 
out in the presence o f compounds forming com plexes w ith  the metal 
ions used for titration. The silver ion com plexed w ith  tris (2-amino- 
-2-hydroxym ethylpropandi-l,3-ol) show s greatly dim inished activity, and 
reacts w ith  only a part of the thiol groups. The remaining thiol groups 
react very slow ly, or not at all, and can be determ ined on ly  after 
denaturation of the protein.

It is assumed that the unreactivity of thiol groups is due to their 
intram olecular linkages, the naturę o f which is not known. Some possi- 
bilities are: hydrogen bonds w ith amino groups, addition o f thiol groups 
to the carbonyl of the peptide linkages, formation of esters w ith  carboxyl 
groups, etc. [9].

In the haemoglobin m olecule haem constitutes an additional grouping 
which can react w ith  thiol groups. These groups are in close proxim ity  
[20], and the possibility o f haem - thiol linkage m ight be assumed to be 
the cause o f the dim inished reactivity of thiol groups. This assumption  
is supported by the work of Riggs [19] who found that binding of thiol 
groups in haem oglobin abolished the phenom enon of haem -  haem inter- 
action during the oxygenation.

The close proxim ity o f the thiol groups to the haem, and their 
influence on its function support the assumption o f thiol -  haem  binding

[3 2 5 ]
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in haemoglobin. The demonstration o f such bonds m ight ехріаіп m any  
problem s concerning the structure and function of haemoglobin. In this  
paper w e present some argum ents supporting the above-m entioned  
assumption.

MATERIALS AND METHODS

Haemoglobin. Freshly drawn citrated human blood was centrifuged  
and the erythrocytes w ere washed w ith physiological salt solution. To 
łyse the cells five vol. of w ater was added. The stroma was centrifuged  
and the haemoglobin solution was dialysed at 1° for 20 hr. against 
distilled  water and then against doubly distilled water. The dialysed  
solution was centrifuged again. In some experim ents the erythrocytes 
after being washed w ith physiological salinę were washed additionally  
w ith О .ібм-sodium  nitrate solution to гетоѵ е chlorides.

In v iew  of the nonhom ogeneity of haemoglobin, for the successive  
series o f experim ents haem oglobin from the same individual was 
em ployed. The amount of haem oglobin used for determinations o f thiol 
groups w as from 0.09 to 0.23 mnoles.

Globin. This was prepared by the method of R ossi-Fanelli et al. [21].
D etermination of thiol groups. This was carried out by amperometric 

titration, using a rotating platinum  electrode, after K olthoff & Harris [17] 
as modified for proteins by Benesch et al. [6]. The thiol groups were 
titrated w ith  silver nitrate in the presence of tris as com plexing agent. 
The reference electrode was connected by m eans of a K N 0 3 -agar bridge 
instead o f KC1 to allow  titration also in chloride-free solution. The reac- 
tive thiol groups w ere estim ated in native haemoglobin, and the rem ain- 
ing groups in the haemoglobin denatured w ith sodium dodecyl sulphate 
(SDS) [15,2]. The difference betw een the number of thiol groups 
determ ined in native and in denatured haemoglobin perm its calculation  
of the num ber of unreactive thiol groups.

D etermination of protein.  Concentration of HbCb was estim ated by 
the method of Drabkin & A ustin [12] and globin by dry weight or spectro- 
photom etric method described by K. Murawski (u n p u b lish ed )^ 1̂  lcm =  
=  10.62).

S pec troph otom etry . A H ilger Uvispec spectrophotom eter was used.
Reagents.  Tris and sodium dodecyl sulphate were Light (England) 

products.

RESULTS

Determination of thiol groups in Hb and H b 02

If at least som e thiol groups of haemoglobin are bound w ith haem, 
in v iew  of the electronic structure of haem, the energetic changes 
accompanying oxygenation  o f haem oglobin should produce a change in
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the reactivity of thiol groups. Cecil & Snow [11] found that еѵеп Н Ю 2 
and HbCO differ in this respect. Therefore an attem pt was made to 
determ ine the reactive thiol groups in Hb and H b 0 2. H owever, it is very  
difficu lt to titrate haem oglobin under anaerobic conditions w ith  the 
rotating electrode, and the interpretation of the obtained results presents 
difficu lties ow ing to the m arkedly different conditions in the m edium  as 
compared w ith those in which H b 02 is titrated. To avoid these d ifficu lties 
the determ inations w ere made indirectly. Haemoglobin reduced in 
a Thunberg tube was treated w ith silver nitrate in an amount slightly  
in excess of that needed to bind all the thiol groups. A fter a determ ined  
interval of time, the rem aining silver ions were precipitated w ith  an 
excess of potassium iodide. Determ ination of the iodide ions rem aining  
in solution  allow ed calculation of the amount of silver bound by the thiol 
groups. To prevent the possible reversal of the reaction betw een silver  
ions and unreactive thiol groups during conversion of Hb into H b 0 2, 
Hb was removed by precipitation in the Thunberg tube w ith zinc hydro- 
xide, and centrifugation.

Binding o f silver ions by Hb was found to be greater than by H b 0 2 
by about 20 - 30% of unreactive thiol groups (0.8 - 1.2 SH groups/m ole- 
cule). We are unable to decide whether this difference was actually due 
to the release of unreactive thiol groups, or only to partial change in their 
reactivity.

Determination of thiol groups in human globin

If the existence of a linkage betw een the thiol groups of globin and 
haem is assumed, an increase in reaetive thiol groups follow ing the 
splitting of haemoglobin into haem and globin should be expected. 
However, in the course of this estim ation difficulties are apt to arise. 
Globin is a protein w ith a marked tendency to aggregation. A ntonini 
et al. [3] showed that human globin, shortly after splitting o ff of haem, 
in the presence of salts and at Iow pH forms aggregation products of 
a molecular w eight many tim es greater than that of haem oglobin. This 
aggregation can lead to a decrease in reactive thiol groups [1]. Могеоѵег, 
in Solutions of globin stored at Iow tem peratures for seyeral days, 
a dim inution in the amount of thiol groups was observed; these groups 
were not restored even after protein denaturation w ith SDS. This was 
probably due to oxidation of closely adjacent thiol groups.

To avoid possible errors the titration was performed im m ediately  
after preparing the globin at -1°. The Iow tem peraturę was necessary  
because globin is easily precipitated in the presence of salts at higher 
temperatures. The procedurę was as follows. The globin sedim ent was 
washed seyeral tim es w ith acetone, and dissolyed in a yolum e of water 
2 - 4  tim es as great as the yolum e of the haemoglobin solution, to 
diminish a possible effect of traces o f acetone remaining in the sedim ent.
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Centrifugation was then performed at tem peraturę not exceeding 0°. 
The molar concentration o f globin w as determined and the titration  
results w ere compared w ith  the corresponding results obtained w ith the 
sam e HbC>2 sam ple from which the globin was derived.

In all the experim ents the amount o f the reactive thiol groups was 
greater in globin than in HbC>2 by 20 - 35% of unreactive thiol groups 
(0.8 - 1.4 SH groups/m olecule). This pro'bably did not represent the fu li 
amount o f the thiol groups released because in spite of very careful 
treatm ent a certain amount of globin was precipitated during titration.

T a b 1 e 1

Thiol groups in human oxyhaemoglobin and globin  
T ris-H N 0 3 buffer, pH 7.47, fina ł ionic strength 0.32; 1 m M -AgN03 used for titration.

Conditions ... 15° -1° -1°
4 M-urea

SDS
denat.

Sample Reactive thiol groups 
(fimole/sample)

HbC>2, 0.2025 [xmole 0.72 0.73 0.72 1.62
Globin, 0.2025 punole 0.84 0.95 1.18 1.63

Increment 0.12 0.22 0.46

Increment as % of iinreactive
groups 13.14 24.18 50.55 100

Increment of SH groups 0.53 0.97 2.02 4.00

To prevent th e process o f aggregation, urea was applied [1]. The 
titration o f globin was carried out in 4 м-urea solution at -1°. Under 
these conditions no globin precipitated during titration and 50% of 
unreactive thiol groups was released (2.0 SH groups/m olecule). W hen  
H b 0 2 w as titrated in the urea solution, the amount o f thiol groups was 
not changed showing that this concentration of urea under conditions 
used did not alter the num ber of reactive thiol groups. The results of 
titration of free globin (Table 1) indicate that the splitting o ff haems 
release two unreactive thiol groups per m olecule.

The e j jec t  of SDS concentration on the titratable  
amount of thiol groups

The denaturation of haem oglobin w ith sodium dodecyl sulphate 
(SDS) releases all the unreactive thiol groups [15]. The m echanism  of 
this denaturation is not fu lly  elucidated. SD S is an active compound  
and reacts steichiom etrically w ith  m any compounds, especially with  
conjugated proteins [23]. Hence, besides the changes in haem oglobin due

http://rcin.org.pl



[5] THIOL G RO UPS IN  HAEMOGLOBIN 32 9

to lowered surface tension, a reaction between SDS and protein, as w e ll  
as w ith haem, m ust be considered. The susceptibility of the haem  group  
to enter in to  reaction w ith SDS is shown by the fact that SD S even  at 
Iow concentrations produces a change from the two-band spectrum  of 
H b 02 to the one-band spectrum of the SDS derivative o f Hb, w ith  
m axim um  absorption at 535 mu (Fig. 1). A pparently this is not y et the

Fig. 1. E ffect of SDS on absorption spectra  
of H b 0 2. (a), H b 0 2; (b), a fter the addition  
of SDS to fina ł concentration 0.008°/o, and 
(c), after the addition o f  SD S to finał con­

centration 0.4°/o.

spectrum of denatured haemoglobin sińce it changes further w hen the 
concentration of SDS is increased. Then the spectrum  assum es a flatter  
and more diffuse form; at the same time, the dark red colour o f the 
solution produced by Iow concentrations of SDS turns dark brown.
A spectrum of this type can be produced by adding SDS to a neutralized
solution o f Hb denatured w ith alkali. It may be concluded that SDS
reacts both w ith  haem, giving rise to a new “SDS-H b derivative”, and, at 
higher concentrations, w ith protein causing its denaturation.

At w avelengths 530 and 560 тіл changes are observed in absorption - 
consisting at first in increased extinction  at Iow concentrations o f SDS, 
and then in gradual decline of extinction as concentration increases and 
protein undergoes denaturation. This phenomenon confirm s the above- 
-m entioned assum ption concerning the com plexity of the reaction  
betw een SDS and Hb, and allow s to analyse the course of both processes. 
If the change in extinetion  perm its to distinguish betw een the reaction
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of SD S w ith  haem or some near situated group, and the denaturation  
of protein, it suffices to compare these changes w ith the sim ultaneous 
increm ent o f thiol groups to ascertain which process is responsible for 
the release o f thiol groups.

The effect o f rising concentrations of SDS in H b 0 2 solution on the 
extinction  at 530 min and on the amount of reactive thiol groups is 
presented in Fig. 2. About 50°/o of unreactiye thiol groups (2 SH) is 
released at Iow concentrations of SDS (Table 2), i.e. during the reaction

Fig. 2. E ffect of SDS concentration on the absorption at 530 mp of haem oglobin, 
and release of unreactive th iol groups. (a), E xtinction of “H b-S D S” after subtracting  
the extin ction  o f H b 0 2; (b), SH groups released expressed  as percentages of 

unreactive thiol groups (details see Table 2).

betw een SD S and haem, as confirmed by changes in the spectrum. The 
rem aining thiol groups are liberated gradually as denaturation proceeds. 
The release o f the SH groups during the reaction betw een SDS and 
haem points to the existence of a linkage betw een thiol and haem groups 
of haemoglobin.

T a b l e  2

Thiol groups in human haemoglobin at d ifferent concentrations o j SDS
Tris buffer, pH 7.47, finał ionic strength  0.32; temp. 15°. To 1 ml. of H b 0 2 solution  
(0.135 pmole) in 8 ml. tris buffer, 1% (w/v) SDS w as added as indicated in the Table,

then w ater to 25 ml.

Addition of 1% SDS sol.
(ml.) ...

0 0.05 0.1 0.2 0.5 1.0 1.5 5.0 10.0

Reactive thiol groups 
(pnicles/sample) 0.48 0.56 0.60 0.66 0.78 0.86 0.90 1.08 1.08

Increment of reactive thiol 
groups (pmoles/sample) 0.08 0.12 0.18 0.30 0.38 0.42 0.60 0.60

(% of unreactive 
thiol groups) 13.3 20 30 50 63.3 70 100 100
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Behaviour oj unreactive thiol groups bound w ith  s ilver  
in the presence oj tris

Thiol groups are thought to be combined w ith some undefined groups 
in the haem oglobin m olecule, and this seem s to be the cause of their 
unreactivity [9]. It may be that the binding of silver ions w ith  unreactive  
thiol groups has a different character than binding w ith reactive groups, 
in which case the bond should be som ewhat weaker. Free silver ions 
bind all the thiol groups although the reaction w ith unreactive groups 
is m arkedly slower. In the presence of tris the activity of silver ions

Fig. 3. A m perom etric titration w ith  iodide of 
silver ions released by tris from  linkages w ith  
Hb th iol groups. (a), T itration w ith  silver nitrate  
of Hb denatured by SDS; (b), A g+ released  
from  Hb (the am ount of A g N 0 3 added was 
eąuim olar w ith  th iol groups); (c) and (d), A g+  
released from  Hb after addition of larger 
am ounts of A g N 0 3. D etails in Table 3 and in 
the text. D irection of electrical current in the 
galvanom eter w as reyersed in iodide titrations.

is dim inished about 105 tim es and at Iow concentrations of silver ions 
com plexed w ith  tris the binding of the unreactive thiol groups is 
negligible. Therefore, tris may be regarded as a factor com peting  
with the unreactive thiol groups for silver ions. This com petition proved 
to be su fficien tly  effective to enable гетоѵ аі o f silver ions w ith  tris 
from the already bound unreactive thiol groups.

Fig. 3 illustrates an experim ent in which haemoglobin w as added 
w ith silver nitrate in an amount sufficient to bind all the thiol groups, 
and then tris w as added to release the unreactive thiol groups. The
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amount of silver needed was calculated on the basis of titration o f  
haem oglobin denatured w ith SDS. Silver released by tris was titrated  
w ith  potassium  iodide and was found to correspond to about 50°/o of the  
unreactive thiol groups (2-SH).

T a b l e  3

Binding of thiol groups in human haemoglobin w ith  s i lver ions and the ir
release by  tris

Tris buffer, pH 7.47, finał ionic strength 0.32; tem p. 15°. 1 m M -A gN 03 and 1 ш м -К І  
Solutions used for titration. The am ount of Hb per sam ple w as 0.09 pmole.

Sample... 1 2 3

Thiol groups in haemo­ (p.moles/sample)
globin denatured by SDS 0.72 0.72 0.72

Ag+ added 0.72 0.93 1.14
Excess of Ag+ added 0 0.21 0.42
Free Ag+ ions found 0 0.02* 0.23*
Free Ag+ ions found after
addition of tris 0.20 0.40 0.61

Thiol groups released by
SDS denaturation after
гетоѵаі of free Ag+ ions 0.20 0.20 0.20

* I n  th e  ab se n c e  o f tr is ,  a  p a r t  o f s ilv e r  io n s  is  b o u n d  in  p ro te in  
w ith  o th e r  g ro u p s , n o t  o n ly  w ith  th io l .

Two control determ inations were made, one w ithout the addition o f  
tris and the second w ith an excess of silver. In the first one no free  
silver ions were found showing that the whole amount of silver w as  
bound. In the second experim ent the amount of silver recovered w as  
equivalent to the sum of the excess added and the amount released from  
thiol groups.

If the silver released by tris was removed from the solution by pre- 
cipitation w ith iodide, and the haemoglobin was then denatured w ith  
SDS, free thiol groups appeared in a molar amount equivalent to the 
amount o f silver released (Table 3). The results of these experim ents  
are in agreem ent w ith  the v iew  that the unreactivity o f thiol groups 
is due to their combination in the Hb molecule, and, тогеоѵег, support 
our assumption concerning the nonhom ogeneity of unreactive thiol 
groups.

D etermination of thiol groups in Hb after alkaline denaturation  
and in Hb oxidized by acidification

The thiol groups in haemoglobin are situated in close proxim ity [15]. 
Under the influence o f denaturing agents they m ay easily undergo 
oxidation form ing disulphide linkages [12,20,11]. This phenom enon is
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seen very clearly after alkaline denaturation o f haem oglobin w hich is 
follow ed by a reduction to one-half o f the number of unreactive thiol 
groups. This may be observed by comparing the results o f titration of 
H b 0 2 and alkaline haemichrome in the absence of SDS and w ith  SD S  
added to the concentration norm ally reąuired for com plete denaturation  
of Hb (Table 4). O xidized thiol groups are not liberated even by high  
concentrations of SDS.

T a b l e  4

The effect of alkali denaturation on human haemoglobin SH groups
Tris buffer, finał ionic strength 0.32, finał pH of the sam ples 8.6, tem p. 15°. Each  
sam ple contained 0.223 p,moles haem oglobin. The sam ples w ere prepared in the  
fo llow ing  order: H b 0 2: 8 ml. tris buffer, 0.025 ml. 2 N-NaOH, w ater to 24 ml., and 1 ml. 
HbOo solution; Hb denatured by alkali: 1 ml. H b 0 2 solution , 0.025 ml. 2 N-NaOH, 
8 ml. tris buffer and w ater to 25 ml.; Hb denatured by SDS: 1 ml. H b 0 2 solution , 8 ml. 

tris buffer, 5 ml. of 1% (w/v) SDS solution , and w ater to 25 ml.

Sample (0.223 jimoles Hb) SH groups 
(p-moles)

Molar ratio: 
SH/Hb

Origin of titratable SH 
groups

ньо2 0.756 3.4 reactive: 3.4
Hb denatured by alkali 0.381 1.7 reactive: 1.7

Hb denatured by SDS 1.782 8.0
f reactive: 3.4 
1 unreactive: 4.6

Hb denatured by alkali, 
then by SDS 0.756 3.4

r reactive: 1.7 
lunreactive: 1.7

Hb denatured by SDS, 
then by alkali 1.566 7.0

A  similar effect can be obtained in acid medium, beginning at the 
pH at which haem is oxidized. We observed that w hen iron is oxidized  
two thiol groups become undetectable by the amperometric m ethod in 
spite of the denaturation of haemoglobin w ith  SDS.

This confirms our observations on nonhom ogeneity of the unreactive  
thiol groups and points to a relationship between the energetic state of 
haem and the behaviour of thiol groups.

DISCUSSION

In the present work on ly  the behaviour of the unreactive thiol groups 
in haemoglobin, and not their number, was studied. The conditions 
under which each series of experim ents was performed w ere uniform, 
and the obtained results w ere compared w ith those for normal H b 02 
under the same conditions o f pH, tem peraturę and ion concentration.

For determ ination of SH groups we applied the amperometric method  
using a rotating platinum  electrode, and titration w ith  A g N 0 3 com plexed
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w ith  tris. The method w ith  dropping m ercury electrode used by A llison  
& Cecil [2] was also considered; according to the authors, this method  
is w ell adapted to the determination of thiol groups. It seems, however, 
that the given conditions may affect thiol groups and their compounds. 
Borate buffer used as m edium during mercury titration may facilitate  
oxidation o f thiol groups in haemoglobin [20]. Sulphite or thiosulphate  
used as с о т р іе х -form ing agent w ith  mercury m ight change the results 
by breaking disulphide bonds. Могеоѵег, thiosulphate may react w ith  
protein (T. Szczepkowski, private communication). Presence in the solu­
tion of m etallic mercury is a possible source of ions in the solution. 
In the opinion of some authors the mercury titration gives rise to 
difficu lties in interpretation of results [14, 15, 7].

The electric charge of the с о т р іе х  containing the ion reacting w ith  
thiol groups and the spacial distribution of the charge may also exert 
an effect. Cecil & Snow  [10, 11] em ployed m ercury compounds com - 
plexed w ith the negatively charged sulphite ion. In our experim ents, 
on the other hand, as с о т р іе х -form ing agent for silver ions w e used  
tris which is positively charged and which, тогеоѵег, is entirely w ithout 
effect on sulphur linkages.

Titration of standard Solutions of cysteine under conditions of our 
experim ents gave results in agreement w ith the theoretically expected  
ones. This fact as w ell as the comparative character of the study make 
the objection of some authors to the 1 :1  proportion in the reaction of 
sulphur w ith silver [9] of little significance. There are, however, some 
discrepancies, probably due to different methods and conditions of 
determination, betw een our results and those of Cecil & Snow [10, 11] 
who found the same number of reactive thiol groups in human globin  
and in haemoglobin.

Our present results suggest a nonhom ogeneity of the unreactive 
thiol groups pointing to the presence of two types of binding. We assume 
that one half of the unreactive thiol groups (2 SH) is bound w ith haem  
and influences its function. As haemoglobin contains 4 haems, this 
figurę m ight seem surprising. However, studies of the processes of 
oxygenation  [22] and splitting off haems [4] showed that not all o f the 
haem s are eąually firm ly bound w ith  globin, and that the effect of 
haem - haem interaction is connected especially w ith one of the stages 
of oxygenation. There are several sites in haem which may bind w ith  
thiol groups; these are, especially, the vinyl groups [5], the propionic 
residue and the m ethine carbons [18]. Also the im idazoles of histidine  
com bined with iron m ay form bonds w ith thiol groups affecting the 
function of iron. Further work is in progress and we are inclined to 
regard the v inyl groups as the most likely site of the thiol - haem linkage.
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SUMMARY

The behaviour of thiol groups in human haemoglobin, in its deriva- 
tives, and in globin was studied by amperometric methods using a ro- 
tating platinum  electrode. The obtained results indicate that the un- 
reactive thiol groups are not homogeneous, and that two of them  m ay  
be combined w ith haem or in its close proxim ity. Such a linkage could  
ехріаіп , at least partly, some problem s concerning the iphenomenon of 
haem  - haem interaction.
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B A D A N IA  N A D  NIEREAKTYW NYM I GRUPAM I TIOLOWYMI 
W HEMOGLOBINIE LUDZKIEJ

S t r e s z c z e n i e
M etodą am perom etryczną z zastosow aniem  obrotowej elektrody p latynow ej 

oznaczano grupy tio low e w  hem oglobinie i jej pochodnych oraz w  globinie lud z­
kiej. O trzym ane w yn ik i w skazują, że n iereaktyw ne grupy tio low e są praw dopodob­
nie niejednorodne i że dw ie z nich mogą być połączone z układem  hem u lub jego  
najbliższym  otoczeniem . Obecność takiego połączenia m ogłaby przynajm niej częścio­
w o w yjaśn ić n iezrozum iałe zagadnienia z zakresu zjaw iska interakcji m ięd zyh em o-  
w ej oraz rzucić now e św iatło  na sposób w iązania hem ów  z globiną.

R eceived 9 M arch 1963,

[12J
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In continuation of our isotopie studies on fat absorption in rat [15] 
we madę an attem pt to study the kinetics of distribution of the lipid- 
and non-lipid radioactivity in various rat tissues follow ing oral adm i- 
nistration o f triolein labelled w ith 131I. The use of radioiodinated fat 
could be thought to provide an attractive method for .studying the 
utilization of exogenous fat [17, 6], according to the assumption that the 
release of iodine fo llow s the catabolism of oleić acid. In fact, however, 
there is a partial release of iodine already in the intestinal mucosa 
cells [8 , 7], independent of the lipid m etabolic process in the tissues. 
То е х а т іп е  in particular this intestinal deiodination w e have estim ated  
the lipid- and the non-lipid radioactivity in different parts of the diges- 
tive tract in the rat.

Special attention has been drawn to the stornach because of the 
known very active secretion of iodides by gastric mucosa [11,13,10]. 
It m ight therefore be expected that a part of iodides derived from the 
deiodination of the labelled fat would return to the gastric lum en via  
the blood circulation. This recycling of the radioactive label has not 
been yet demonstrated and was not taken into account either in critical 
evaluations o f radioiodine as a label for fat [8 , 7, 15] or in  precise 
balance experim ents on the absorption of compounds labelled w ith  
131I [12,17].

MATERIALS AND METHODS

A dult m ałe rats w eighing 200 - 300 g. were used. A know n amount 
(0.3 -  0.4 g.) o f the оііѵе oil containing 1 0 - 2 0  м-c of 131I-labelled triolein  
(The Radiochemical Centre, Amersham, England) was administered per os, 
the anim als’ m ouths being opened w ith the aid o f a w idely perforated  
plastic plate.

To reduce the uptake of 131I by the thyroid, 24 hr. before the ехрегі- 
m ent each animal received per os 1 mg. KI. Since this mom ent the 
anim als w ere not given food but only water. We found the single dosis

[337]
http://rcin.org.pl



338 S. MAGAS and D. ROŻYNKOWA [2]

of 1 mg. KI sufficient to błock the thyroid which subseąuently did not 
absorb more than 0.5% of the administered amount of 131I. In some 
experim ents, rats w hich had not been given KI, w ere also used.

In the studies on the distribution of iodides in rat tissues, 1 ml. of 
131I-labelled N al (about 20 цс) in 0.9% NaCl solution was injected sub- 
cutaneously. To estim ate the accum ulation of iodides in the stornach, it 
was surgically separated from the other parts of the digestive tract. 
The animals were anaesthetized w ith ether and the ligatures were put 
on the oesophagus near the cardia and on the duodenum beyond the 
pyloric end of the stornach. A fter cutting off the oesophagus and the 
intestine, the abdominal w ali was sutured, the stornach being left inside 
attached to its intact blood yessels. Soon after the operation the animals 
awakened, and were injected subcutaneously w ith  [131I]iodide.

A fter a determined tim e (maximum 6 hr.) sińce isotope administration  
the animals were anaesthetized w ith ether and sam ples o f the blood 
were taken by heart puncture; sam ples of other tissues to be tested  
were also taken and weighed w ith the accuracy of ±0.01 g. The smali 
intestine was divided into four parts of eąual length. To prevent any 
adsorption or oxidation of the [131I]iodide present in the tissues, 1 - 2  
drops of KI and Na2S 03  solution were added to the samples. The total 
radioactivity was determined in the tissue samples and the lipid-bound  
activity in extracts from homogenized tissues. Extraction of lipids was 
performed w ith a m ixture of chloroform and m ethanol according to Bligh  
& Dyer [3]. The extraction procedurę was checked in supplem entary  
experim ents; 96.4 -  99.2% (average 98%) of the 131I-labelled triolein, ad­
ded to the non-radioactive tissue extract, was recovered in the chloro­
form phase; the гесоѵегу of the added [131I]iodide in the water phase 
of the extract w as virtually  com plete (99.85 - 100%).

The radioactivity of the sam ples was measured w ith the scintillation  
counter as described previously [15]. The results are expressed as per- 
centages of the administered dosis.

RESULTS

The distribution of the radioactivity in separate parts of the digestive 
tract foliow ing oral administration of Юцо of [131I]iodinated triolein is 
presented in Table 1. It can be seen that very high radioactivity, as much 
as 8% of the administered dosis, was found in the non-lipid extracts of 
the gastric contents. This seems to be in agreem ent w ith  the secretion  
of iodides in the stornach. However, this accumulation, at least in part, 
could be also caused by iodides secreted into saliva, or by liberation of 
a part of 131I-marker from the iodinated fat already in the stornach, 
and, finally, by the presence in the stornach of some polar substances, 
other than iodides.
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T a b l e  1

The total, lipid and поп-lipid radioactivity  in various parts of the digestive  
tract in rats a fter  oral administration of 131I-ZabeZZecZ triolein

The anim als w ere k illed  3 hr. after adm inistration of 10 pc of 131I-labelled  triolein. 
The resu lts are expressed  as percentages of the adm inistered dosis, found in the  

entire w a li or contents o f the respective segm ent.

Expt. no. 1 Expt. no. 2

Tissue Radioactiyity

Total Lipid Non-lipid Total Lipid Non-lipid

Stornach gastric contents 14.3 6.7 7.6 16.0 8.0 8.0
gastric wali 3.2 1.1 2.1 4.1 1.3 2.8

Smali intestine 
part I intest. contents 0.9 0.4 0.5 1.0 0.4 0.6

intest. wali 3.4 1.8 1.6 3.2 1.9 1.3
part II intest. contents 1.4 0.6 0.8 1.6 0.8 0.8

intest. wali 3.8 1.9 1.9 3.4 1.8 1.6
part III intest. contents 1.0 0.2 0.8 1.3 0.2 1.1

intest. wali 1.8 0.7 1.1 1.7 0.8 0.9
part IV intest. contents 2.0 0.6 1.4 2.0 1.7 1.3

intest. wali 0.6 0.2 0.4 0.6 0.2 0.4
Large intestine intest. contents 1.6 1.0 0.6 1.3 0.6 0.7

intest. wali 0.7 0.1 0.6 0.3 0.1 0.2

In order to estim ate the possible role of these factors, experim ents 
were performed concerning the distribution of iodides in the body fo l- 
lowing a subcutaneous injection of [131I]iodide. Table 2 shows the results 
of the radioactiyity determ inations in some of the tissues. In all the 
other tissues tested (not m entioned in the Table), i.e. in the three lower 
parts o f the smali intestine, in the Ііѵег, heart, m uscles, kidneys, epidi- 
dymal fat, parotids, subm axillary glands, oesophagus and the area of 
injection, the radioactivity per gram of tissue was not greater than in 
blood plasma. A high concentration of iodides was found in the stornach 
both in rats w ith  blocked and those w ith non-blocked thyroid gland; 
1 - 2  hr. after the subcutaneous injection of [131I]iodide the concentration  
of the label in the stornach was 1 7 - 7 8  tim es higher than the concen­
tration of radioactivity in blood plasma. A fter 6 hr. the radioactiyity  
in the stornach decreased considerably being only 8 tim es higher than  
in the plasma. The concentration of iodides in the saliva cannot account 
for their high concentration in the stornach because it was only 2 - 3  tim es 
as high as in blood plasma. The accum ulation of iodides in the stornach 
was also confirm ed by scintigraphic exam ination of rats made 1 or 1.5 hr. 
after the subcutaneous injection of 20 pc of [131I]iodide. The areas corres- 
ponding to the position of the stornach exhibited several tim es higher 
radioactiyity than those corresponding to other organs.
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T a b l e  2

The radioactiv ity  in rat tissues after  subcutaneous administration of
[ШІ] iodide

The adm inistered dosis w as 18 цс [131I]natrium  iodide. The thyroid w as b locked  
by adm inistration of 1 mg. of KI, 24 hr. before the experim ent. E xcept for the  
thyroid, the results are expressed as percentages of the adm inistered dosis per 1 g.

of tissue.

Tissue

Thyroid blocked Thyroid non-blocked
Timeafter injection (hr.)

1 1 2 1 1.5 6

Blood plasma 0.45 0.30 0.45 0.55 0.40 0.30
Stornach wali 2.0 1.6 1.95 3.0 4.7 1.0
Stornach contents 12.9 8.8 8.2 43.0 23.7 2.4
Ist part of the

smali intestine
(wali and contents) 0.55 0.30 0.80 0.50 0.70 0.30

Urine — 3.6 4.7 21.7 4.4 1.9
Saliva — 1.0 0.7 0.6 0.6 0.3

Thyroid (per whole 
organ) 0.3 0.35 0.35 1.7 2.7 3.5

T a b l e  3

The radioactiv ity  in rat tissues 1 hr. a f ter  subcutaneous injection of 
[i31l]iodide to an animal w ith  the stornach surgically separated from  the

digestiue tract
The adm inistered dosis w as 17 цс [131I]natrium  iodide. The control anim al w as 
sham  operated. For details see text. The results are expressed  as percentages of the  

adm inistered dosis per gram  of tissue.

Tissue Rat with the sto­
rnach separated

, Control rat

Blood plasma 0.2 0.2
Stornach wali 1.2 1.0
Stornach contents 9.5 4.7
Ist part of the smali
intestine (wali and
contents) j 0.1 0.7

Urine 6.9 6.8
Saliva 0.5 0.4

Further experim ents concerning the gastric accum ulation of iodides 
w ere performed as follows. One animal was subm itted to surgical sepa- 
ration of the stornach from the digestive tract as described above; another 
animal, on w hich only a sham operation w as performed, served as a con­
trol. Both received subcutaneous injections of [131I]iodide; after 1 hr.
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they w ere killed and the radioactivity of the tissues was determ ined. 
From the data presented in Table 3 it can be concluded that the iodides 
accum ulating in the stornach are transported via the blood vessels. 
N ext, w e exam ined the passage of iodides in the opposite direction. Two 
rats w ith  non-blocked thyroid glands and w ith surgically separated  
stom achs were used. Through a very thin needle, 1 m l. o f [131I]natrium  
iodide solution was introduced into the stornach, and 80 min. later the 
radioactivity of some tissues was determined. The results presented in 
T able 4 show that virtually  all the radioactivity remained in the stornach.

T a b l e  4

The absorption of iodides from  the surgically separated rat stornach
Into th e  stornach separated from  the oesophagus and duodenum  12 цс of [131I]natrium  

iodide w as introduced, and the radioactivity w as determ ined after 80 min.

Expt. no. 1 Expt. no. 2

Tissue Radioactivity 
(% of the dosis)

Whole stornach 99.4 99.2
Blood 0.22 0.30
Thyroid (non-blocked) 0.05 0.06

T a b l e  5

The deiodination of 13iI-labelled triolein in rat stornach
Into the stornach surgically  separated from  the oesophagus and duodenum  20 uc 
of [m I]iodinated triolein  w as introduced. A fter 70 min. the radioactiv ity  w as

determ ined.

Tissue

Expt. no. 1 Expt. no. 2

Radioactivity 
(% of the dosis)

Whole stornach, total
activity 99.0 99.3

Gastric contents, lipid
activity >  98.2 >  98

Blood 0.007 0.008
Thyroid (non-blocked) 0.002 0.002

To check the possibility of deiodination of labelled fat in the stornach, 
[131I]iodinated triolein was introduced into the surgically separated sto­
machs of two rats w ith  non-blocked thyroid glands. The results presented  
in Table 5 show that 70 min. later, more than 98% of the radioactivity  
remained in the lipid-bound form. This indicates that, at least under 
the experim ental conditions used, there was no deiodination of the 
iodinated fat in the stornach.

15]
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То ех а т іп е  the presence in the stornach of some other than iodide  
radioactive polar compound, the water phase of the gastric contents 
extract obtained from rats 1.5 hr. after feeding w ith [131I]iodinated  
triolein, was analysed. The paper electrophorograms showed one hom o- 
geneous radioactive component of the same m obility  at the 131I~ ions. 
It w as also shown that the non-lipid radioactive com ponent of the gastric  
contents was quantitatively precipitated by silver salt in amm oniacal 
medium to form silver iodide. It can, therefore, be concluded that the  
non-lipid radioactive compounds found in rat stornach shortly after  
oral administration of [131I]iodinated triolein are actually iodides derived  
from the extragastric process of deiodination of the iodinated fat.

DISCUSSION

The presented results demonstrate that a considerable part of 131I~  
ions derived from deiodination of fat accum ulates in the rat stornach 
during the first few  hours after oral administration of the 131I-labelled  
triolein. The concom itant concentration of iodides in the stornach is 
several tim es higher than in the blood plasma. These findings are in 
agreem ent with the secretion of iodides into the stornach found by other 
authors [11, 5, 16]. The deiodination of [131I]iodinated triolein does not 
take place in the stornach in vivo.  The sam e was found to be true in e x -  
perim ents in vitro  by Balint et al. [1]. The iodides present in the stornach 
result from the extragastric deiodination processes and are secreted from  
the blood by the mucosa into the lum en of the stornach. The gastric 
secretion o f iodides was described by Lipschitz [11] and confirm ed by 
Davenport [5]. Могеоѵег, the present results indicate that iodides cannot 
be absorbed from the gastric contents into the blood, i.e. they сап Іеаѵе 
the stornach on ly  through the pylorus.

The results obtained suggest that a part of the radioactive label of 
the introduced fat is recycled several tim es via the stornach. Such a Cir­
cuit o f the non-lipid iodine compouhds is presented in the schem e of 
Riggs [14]. This recycling o f iodides resulting from the m etabolism  of 
iodinated fat has not been yet taken into account in studies on lipid 
metabolism. Since the secretion of iodides from the blood into the lum en  
of the stornach is a regular and normal process, the deiodination products 
present in the digestive tract should not be regarded, as so far assumed, 
as derived on ly  from the local process.

The accum ulation of iodides in the stornach occurs not on ly  in rats 
but in man as w ell [4, 9]. It seem s that this phenom enon might provide 
the explanation of the incom plete гесоѵегу o f non-lipid radioactivity  
in the experim ents of Siurala et al. [17], a few  hours after the admi­
nistration of [13iI]iodinated triolein to human subjects; after 6 hr. they  
found 11 -28%  deficiency in the balance, and after 72 hr. 1 - 11% d efi-
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ciency in relation to the administered dose. In our opinion this incom plete 
гесоѵегу resulted from gastric accum ulation of iodides whereby the 
iodide diffusion space was quantitatively insufficient.

The presented experim ents seem to indicate that in the studies on  
the utilization of 131I-labelled fat, both lipid and non-lipid radioactivity  
fractions should be exam ined.

SUMMARY

Follow ing the administration per os of 131I-labelled triolein, the radio- 
activity of various parts of the digestive tract in rat was studied. The 
lipid-bound and the w ater-soluble radioactivity was estim ated. It was 
found that iodides derived from the deiodination of the administered fat 
were secreted from the blood into the stornach. The presented results 
indicate that in the studies on lipid digestion using iodinated fat, both 
lipid and non lipid radioactivity fractions should be exam ined.
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W YDZIELANIE JODKÓW W ŻOŁĄDKU JAKO OGRANICZENIE  
ZASTOSOW ANIA TRÓ JOLE INY ZNAKOW ANEJ 131J W DOŚW IADCZALNYCH  

BAD AN IA CH  JELITOWEGO W CHŁANIANIA TŁUSZCZU

S t r e s z c z e n i e  
Badano rozm ieszczenie radioaktyw ności lip idow ej i n ielip idow ej w  poszczegól­

nych odcinkach przew odu pokarm ow ego szczura do 6 godzin po podaniu per  os 
trójoleiny znakow anej 131J. Stw ierdzono, że jodki pochodzące z dejodacji podanego 
tłuszczu w  znacznym  stopniu są w ydzielane ze krw i do żołądka. P odkreślono  
konieczność oznaczania frakcji lip idow ej i n ielip idow ej w  dośw iadczalnych bada­
niach dotyczących losów  jodow anego tłuszczu w  przew odzie pokarm ow ym .

R eceived 25 March 1963.
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ACID-SOLUBLE PROTEINS*

D e p a r tm en t of Physiological C hem istry ,  F aculty  of Pharmacy, Medical School,
W rocław

In the previous paper [1] a simple and fast method for concentration  
of proteins of normal urine was presented, the procedurę being based 
on the precipitation by tannin and regeneration of proteins from the 
precipitate w ith caffeine according to M ejbaum -K atzenellenbogen [7]. 
In the present paper is described the isolation of 0.15 м-sulphosalicylic  
acid-soluble proteins (mucoproteins) by the tannin-caffeine procedurę, 
and their paper electrophoretic patterns are compared w ith that of the 
total proteins of the urine.

MATERIAŁ AND METHODS

Fresh urine from healthy human subjects w as used. Uromucoid was 
rem oved according to Tamm & Horsfall [13] as follows: to 1 vol. of 
urine, 1 vol. of d istilled  water was added and sodium chloride to 
0.58 м-concentration. A fter 15 min. the solution was filtered and the 
precipitate of uromucoid discarded.

The urine proteins were concentrated according to M ejbaum -K atzenel­
lenbogen [7] as previously described [1]. The pH of the urom ucoid-free 
urine, about 800 ml., was adjusted to 4.7 w ith 0.1 n-HCI on bromocresol 
green, then a 4% water solution of tannin was added to obtain an 
amount o f tannin 10- to 20-fold as great as that of the protein present, 
the finał concentration of tannin being about 0 .1% at protein concentra­
tion o f about 0.01%. The protein-tannin precipitate was centrifuged, 
washed tw ice w ith 0.9% NaCl solution, then an amount of caffeine  
in substantia  tw ice as great as that o f the protein present in the precipi­
tate, was added. The precipitate was thoroughly m ixed w ith caffeine  
and centrifuged. The smali ąuantity of the formed supernatant was 
found to contain protein in about 2% concentration. About 30% of the 
original amount of protein remained in the discarded tannin-caffeine  
precipitate.

* Parts I and И  [1, 2].
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The mucoproteins were separated from the concentrated urine 
proteins as follows: to 1 vol. of the solution (about 2 ml.), 1 vol. of 
0.9% NaCl and 1 vol. of 0.45 м-sulphosalicylic acid, w ere added. After  
15 min. the m ixture was centrifuged and the precipitate discarded. 
In the supernatant, the mucoprotein was determ ined and an amount 
of tannin 10-fold as great as the content of m ucoproteins, was added. 
A fter 30 min. at 5° the precipitate (sometimes gummy) was centrifuged  
and washed 3 - 4  times w ith distilled water to гетоѵ е sulphosalicylic acid. 
Then an amount of caffeine tw ice as great as the amount of muco­
proteins present in the precipitate, was added, stirred and about
0.1 - 0.2 ml. of 0.05 N-NaOH in 0.9% NaCl was poured in to obtain a su i-  
table volum e of, and concentration of mucoprotein in, the regenerated  
solution. After 30 min. at 5°, the m ixture was centrifuged. The super­
natant w as found to contain mucoproteins in a concentration of 2 - 5%. 
About 20% of the original amount of m ucoproteins remained in the 
discarded tannin-caffeine precipitate.

Determ inations of protein were carried out by the tannin m icro- 
method of M ejbaum -K atzenellenbogen [6].

Paper electrophoresis was carried out as follow s. W hatman no. 1 
paper, sodium veronal-acetate buffer of pH 9.0, ionic strength 0.08, or 
acetate buffer of pH 4.7, ionic strength 0.06 were used; a potential of 
about 360 V  and a current of about 3 mA per paper strip were applied  
for 5 - 6  hr. A fter electrophoretic separation the proteins were fixed  
and stained by the tannin reagent containing 0.05% of bromophenol 
blue, and the protein content of individual fractions was determined  
in 0.1 N-NaOH eluates [8].

Acid mucopolysaccharides were stained w ith alcian blue according 
to Heremans & Ѵ аегтап [5].

RESULTS

Mucoprotein content in normal urine

When the amount of protein was determined by the tannin micro- 
method: (a) in normal untreated urine, (b) in the same urine diluted  
w ith distilled water, or (c) diluted w ith sulphosalicylic acid, a paradoxical 
phenom enon was observed. In diluted samples the amount of protein 
calculated per 1 ml. of urine was found to be higher than in the corres- 
ponding undiluted samples, and sulphosalicylic acid did not precipitate 
the protein. On the other hand, in urom ucoid-free urine the protein 
content did not depend on the dilution and sulphosalicylic acid preci- 
pitated a part of protein (Table 1). This shows that the elim ination of 
the uromucoid is important for the determination o f the protein content 
by the tannin micromethod as w ell as for the precipitation o f proteins
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T a b l e  1

Effect of uromucoid on the determination of protein by  the tannin  
micromethod and on the precipitation of protein w ith  sulphosalicylic acid
The urom ucoid w as elim inated  according to Tam m  & H orsfall [13]. T he fin a ł 
concentration of su lphosalicylic acid (SSA) w as 0.15 м. The protein w as determ ined  
by the tannin m icrom ethod [6]. The results represent the am ount of determ ined  

protein  in mg. calculated  per 100 ml. of the original urine.

Urine with uromucoid Urine Without uromucoid
Sample

undiluted
diluted 3 times with

undiluted
diluted 3 times with

no.
h 2o SSA h 2o SSA

1 5.8 6.3 6.3 5.2 5.2 4.8
2 6.9 8.2 8.1 6.0 6.0 2.4
3 11.7 13.6 13.8 10.4 10.4 8.4
4 3.5 5.2 5.1 2.0 2.0 1.1

by sulphosalicylic acid. Therefore in further experim ents the uromucoid  
was alw ays removed from the exam ined urine.

The separation of m ucoproteins from total protein by sulphosalicylic  
acid was exam ined in urom ucoid-free urine directly and in the con-

T a b l e  2

Determination of mucoproteins in normal urines and in the concentrated
proteins of the same urines

Urine after г ет о ѵ а і o f the urom ucoid of Tamm & H orsfall w as used. D eterm inations  
of protein w ere carried out by the tannin m icrom ethod [6]. Proteins w ere concen­

trated by the tann in -caffeine procedurę.

Initial Sex

Urine Concentrated protein of urine

Total
protein

Mucoprotein Total
protein

Mucoprotein

(mg. %) (mg. %) (% of total 
protein)

(mg. %) (mg. %) (% of total 
protein)

W.D. fem. 3.8 1.4 36.9 2400 850 35.5
B.B. m. 3.4 2.5 73.5 2840 2050 72.2
B.M. fem. 3.8 2.0 52.9 1420 760 53.5
J.K. m. 2.0 0.5 25.0 1150 262 22.8
E.L. fem. 4.5 2.2 49.0 2700 1400 51.9
E.M. fem. 6.0 3.4 56.6 3540 2040 57.5
M.K. m. 3.5 2.0 57.1 3400 2200 64.8
M.W. m. 7.0 3.5 50.0 1840 980 53.2
H.I. m. 5.0 2.0 40.0 2970 1250 42.1
M.M. fem. 6.0 3.0 50.0 3420 1550 45.2
W.D. fem. 5.2 4.8 92.3 1260 1170 92.8
P D . m. 6.0 2.4 40.0 1130 510 45.3
M.M. fem. 10.4 8.4 80.7 2050 1600 78.0

[3]
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centrated protein solution. As shown in Table 2, from the urine con -  
taining about 5 mg.% of protein the same proportion of protein w a s  
precipitated by 0.15M -sulphosalicylic acid as from the solution concen- 
trated to about 2% of protein. In sam ples o f normal urine hav in g  
similar protein concentrations the amount of m ucoprotein w as found to 
differ w idely, amounting from 20 to 90% of the total protein (Table 2).

P aper electrophoresis of the total proteins and mucoproteins of normal
urine

The concentrated mucoproteins were exam ined by paper electro­
phoresis at pH 9.0. Like the total urine proteins, the m ucoproteins w ere  
separated into 5 fractions, poorly resolved in the region of a-g lobulins  
and slightly  displaced towards the anodę (Fig. 1, A  and B). The con­
centrated total proteins and mucoproteins were also separated at pH 4.7 
(Fig. 1, С and D).

T a b l e  3

Relative distribution of electrophoretic fractions of total proteins and  
mucoproteins of normal urine 

M ean values ±  S.D for 10 urines at pH 9.0 and for 5 urines at pH 4.7 are g iven .

i pH Fractions with 
mobilities of

Total proteins 
(% distribution)

Mucoproteins 
(% distribution)

Albumin 25.6 4. 9.92 15.0 ± 4.03
aj-Globulin 12.7 ± 3.69 16.0 ± 7.81

9.0 ci2-Globulin 17.5 ± 7.54 17.8 ± 7.76
/^-Globulin 28.2 ± 10.82 33.9 ± 12.24
y-Globulin 16.0 ± 5.32 17.3 ± 6.44

I 9.2 ± 4.69 5.3 ± 1.82
II 7.4 ± 1.02 9.6 ± 2.65

4.7 III 25.2 ± 2.51 33.9 ± 5.25
IV 42.6 ± 0.59 24.0 ± 2.83

V 10.7 ± 0.28 21.8 ± 2.81
VI 4.9 ± 1.26 5.4 ± 1.76

The electrophoretic fractions of mucoproteins and proteins w ere  
eluted and determ ined. The results are presented in Table 3. The m ean  
values for the distribution of mucoprotein fractions were sim ilar to 
those for protein fractions of the same urine sam ples at either pH, the 
greatest d ifferences being found at pH 9.0 in the fractions w ith  the 
m obility o f albumin and at pH 4.7 in the fractions IV  and V. At pH 9.0 
sulphosalicylic acid-soluble “album in” formed 15% of the total m uco­
proteins whereas in the total protein, albumin accounted for 25.6%; this 
difference, howeyer, was not statistically  significant. The electrophoretic
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Fig. 1. E lectrophoretic patterns at pH 9.0 (A  and B) and at pH 4.7 (C and D) 
of proteins and m ucoproteins of norm al urine concentrated by the tan n in -caffein e  
techniąue. (A), U rine proteins concentrated from  the initial am ount of 0.01 g./ЮО ml. 
to 1.7 g./ЮО ml.; 680 pg. of protein w as placed on paper; (B), m ucoproteins of the  
sam e urine concentrated from  the in itia l am ount of 0.006 g./ЮО ml. to 1.8 g./ЮО ml.; 
720 pg. of protein  was placed on paper; (C), urine proteins concentrated from  the 
in itia l am ount of 0.009 g./ЮО ml. to 1.75 g./ЮО ml.; 700 p,g. of protein w as placed  
on paper; (D), m ucoproteins of the sam e urine concentrated from the in itial am ount 

of 0.005 g./ЮО ml. to 1.35 g./ЮО ml.; 540 pg. of protein was placed on paper.

W. D o b ry szy ck a , A c ta  B io ch im . P o lon . vol. X , 1963 ( facing p. 348).
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pattern obtained at pH 4.7 displayed statistically significant differences  
in the distribution of the fractions IV  and V.

The electrophorogram s at pH 9.0 of concentrated proteins and m uco- 
proteins w ere stained w ith alcian blue for acid m ucopolysaccharides [5]. 
In both cases three fractions w ith  a m obility greater than that o f album in  
were revealed.

DISCUSSION

Rigas & H eller [12] were the first to use electrophoresis for studying  
the proteins of normal urine. A lthough these proteins were found to 
consist o f com ponents having m obilities similar to those of serum  
proteins, they differ from serum proteins by their naturę, origin and by  
the presence of some proteins derived from the urinary tract [4].

In normal urine the proteins are present in amounts too sm ali for 
exam ination. The procedurę of concentration of urine proteins as w ell 
as of m ucoproteins by tannin and caffeine seem s to fu lfil three im portant 
conditions. The procedurę is “m ild” and no protein-denaturing reagent 
is used; the protein is released from the protein-tannin com pounds 
w ithout any detectable physico-chem ical or biological changes [9, 10]; 
the procedurę is fast enough to concentrate a 1 liter sample in about 
3 hr. and so it is faster than other m ethods used. In the tannin-caffeine  
techniąue no desalting procedurę is needed because the tannin-caffeine  
precipitate is v irtually  insoluble in distilled  water and can be purified  
by w ashing out the salts and non-protein compounds unprecipitable by 
tannin (e.g. amino acids and peptides of Iow molecular weight).

From the exam ined urine the uromucoid of Tamm & H orsfall had 
to be remoyed because of its protective effect on the precipitation of 
protein by sulphosalicylic acid, and by tannin in the tannin m icrom ethod  
for protein determ ination. Also in other studies the uromucoid had b een  
removed before the electrophoretic separation of urine proteins w as 
carried out. The uromucoid has electrophoretic m obility betw een that 
of cfi- and a2-globulin. Even after it had been salted out, a smali amount 
was still present in the urine and that was perhaps the cause of the 
diffuse pattern of a-globulins of urine, reported also by Rigas & H eller  
[12]. At pH 4.7 the separation was better probably because of the acidic 
character of mucoproteins.

In blood serum, the mucoproteins soluble in sulphosalicylic acid^ 
called seromucoids, account for 1% only of the total protein w hereas 
mucoproteins of normal urine form about 50% of the total urine protein. 
The results obtained by Morawiecka & M ejbaum -K atzenellenbogen [11] 
concerning the serum, and those presented in this paper indicate the  
existence o f quantitative differences betw een the mucoproteins o f serum  
and urine. For ех а т р іе , in the serum c^-globulin accounts for about 4%
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of the total protein and albumin for 65%, whereas in seromucoid the 
fraction w ith the m obility of ai-globulin contributes to 50% and the 
fraction of albumin only to 5%. On the other hand, in the urine the 
distribution of the total protein fractions and of m ucoprotein fractions 
is quite similar, particularly at alkaline pH.

Gabriel et al. [3] studied the Chemical composition of urine proteins 
soluble in trichloroacetic acid but their results cannot be compared w ith  
those reported in the present paper as there is no indication that the 
proteins soluble in trichloroacetic acid are identical w ith  those soluble  
in sulphosalicylic acid. Morawiecka & M ejbaum -K atzenellenbogen [11] 
studied the seromucoids soluble in sulphosalicylic acid and in perchloric 
acid, and pointed out that in spite of the same amount of total sero­
mucoid being present in both filtrates, their electrophoretic patterns 
were different.

The author is greatly indebted to Professor Dr. Wanda M ejbaum - 
-K atzenellenbogen for her encouragement and stim ulating discussion, 
and to Professor Dr. Irena Mochnacka for helpful criticism.

SUMMARY

1. Total proteins and proteins soluble in 0.15 м-sulphosalicylic acid 
i(mucoproteins) w ere determined in normal human urine free from the 
uromucoid of Tamm & Horsfall. The mucoproteins accounted for 
20 - 90% of the total protein.

2. The tannin-caffeine techniąue was used for concentration of 
proteins and of the sulphosalicylic acid-soluble fraction.

3. A t pH 9.0 the electrophoretic patterns of proteins and muco­
proteins showed a similar distribution of fractions; at pH 4.7 differences 
in the distribution of two fractions were found.
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BIA ŁK A  MOCZU PRAWIDŁOWEGO

III. ELEKTROFOREZA BIBUŁOW A BIAŁEK ROZPUSZCZALNYCH W KW ASIE  
SULFOSALICYLOWYM

S t r e s z c z e n i e
1. Oznaczono białka całkow ite i białka rozpuszczalne w  0.15 м -kw asie  su lfo- 

salicylow ym  (m ukoproteidy) w  m oczach praw idłow ych pozbaw ionych urom ukoidu  
Tamma i H orsfalla. Stw ierdzono, że m ukoproteidy stanow ią od 20 do 90%, średnio 
około połow y, białka całkow itego moczu.

2. Do zagęszczenia białek moczu oraz frakcji m ukoproteidow ej zastosowano  
technikę tan inow o-kofeinow ą.

3. E lektroforogram y w  pH 9.0 białek całkow itych i m ukoproteidów  tych sam ych  
m oczów w yk azyw ały  podobny rozkład frakcji, a przy pH 4.7 stw ierdzono w y stęp o ­
w anie różnic w  2 frakcjach.

R eceiyed  27 M arch 1963.
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BOGNA SKOCZYLAS, MARIA GROSS and H. PANUSZ

THE REPRODUCIBILITY OF THE COMPOSITION OF DN-PROTEIN 
ISOLATED FROM PURIFIED THYMUS NUCLEI*

D ep ar tm en t of Physiological C hem istry ,  Medical School, Ł ód ź

A  great yariety of Chemical bonds o f different stability present in 
the deoxyribonucleoprotein com plexes (DN-protein) makes a precise 
definition o f their m olecules impossible [3]. Еѵегу preparation procedurę 
involves a partial disruption of these bonds under the influence of 
yarious factors such as ionic strength, kind of ions, pH, and enzym ie  
degradation. Therefore, depending on the conditions used, d ifferent 
fragm ents o f D N -protein  may appear in Solutions and the com position  
of the finał preparations depends on the isolation procedurę.

The aim of this work w as to look for a method of preparation of 
D N-protein o f a reproducible composition. DN-protein, characterized by 
an interm ediate com plexity betw een that of isolated chrom osomes and 
that o f purified DNA and protein m olecules, is of major interest so far 
as its structure and fractions are coneerned. N either the original com­
position and structure of D N -protein are known, nor tests for the  
determ ination of its  biological actiyity are аѵаіІаЫе. Therefore during  
the isolation w e tried to prevent the occurrence o f serious changes in the 
structure by using procedures generally belieyed to be m ild, and 
ayoiding more drastic methods. It is know n that most, if not all, o f the  
actiyity o f DNases and cathepsins is localized in the cytoplasm  [e. g. 2, 
5, 12]. We assumed therefore that a com plete гетоѵ аі of cytoplasm  at 
the very beginning o f the procedurę is essential in order to protect 
D N -protein against enzym ie degradation. Consequently a more exhaus- 
tive procedurę for purification of nuclei from cytoplasm  was applied. 
Like other w orkers [e. g. 4], we adopted the N /P  ratio as a basie ana- 
lytical m easure for comparison of successiye preparations of D N -protein.

* This w ork  w as supported by a grant from  the C om m ittee of B iochem istry  
and B iophysics of the P olish  A cadem y of Sciences.
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MATERIALS AND METHODS

Isolation of nuclei from  thym ocytes

Celi nuclei were obtained from calf thym us in 0.24 м-sucrose - 2.5 т м -  
CaCl2 m edium  [14] using a procedurę sim ilar to that of A llfrey [1]. S ix  
to eight glands (about 0.5 kg.) rem oved from calves in a slaughter-house  
30 - 60 sec. after the death of the anim als, w ere placed im m ediately in 
a vacuum  fiask containing about 3 1. o f 0.14 м-NaCl solution at 0°, trans- 
ported to the laboratory and used for rapid preparation w ithin about 
30 min. follow ing гетоѵ аі.

A li steps of the procedurę were performed in a cold room at 0 - 3 ° .  
Three sam ples of tissue, 150 g. each, roughly purified from the lym ph  
nodes, fat and blood vessels, w ere m inced in a m eat grinder, suspended  
separately, each in 400 ml. of sucrose -  CaCl2 solution [14], and sąueezed  
subseąuently through 4 nylon m ili gauze bags o f dim inishing diam eter 
of m eshes (twice 1 mm., once 0.4 mm., once 0.08 mm.). Connective tissue  
rem aining in the bags was discarded and the filtrates, containing  
a suspension of thym ocytes, were centrifuged for 15 min. at 600 g. The 
sedim ents w ere resuspended gently, each in 400 ml. o f sucrose - CaCl2, 
by m eans o f a wooden stirrer operated by hand, and w ere centrifuged  
again. A fter each centrifugation the thin, coloured surface layers were  
rem oved to elim inate m inutę amounts o f erythrocytes and fat. Then  
the three sedim ents, originating from 450 g. of tissue, were combined. 
The yield  w as about 80 g. of packed thym ocytes. They were gently  
resuspended by means of the wooden stirrer in 50 ml. of sucrose - CaCl2 
until an uniform suspension was obtained. Two ml. of this suspension  
were left for exam ination. The rest was homogenized gently (3 min. at 
60 V.) in a waring blendor (Niko, Yugoslavia), centrifuged for 10 min. 
at 600 g, and the surface layer of erythrocytes was discarded together 
w ith the supernatant. This procedurę was repeated tw ice and gave 
fin ally  purified nuclei free of cytoplasm , as judged by the follow ing  
tests. (a) Exam ination in a phase-contrast microscope (Lumipan, C. Zeiss, 
Jena) using m agnification X  1350. Unstained nuclei, nuclei stained w ith  
0.2% m ethyl green or stained according to Kurnick & Ris [10] were 
used for exam ination. (b) DNase activ ity  of suspensions of nuclei was 
estim ated according to the spectrophotom etric m ethod of Rotherham  
et al. [13]. (c) Smali amounts of supernatants after each hom ogenization  
w ere clarified by centrifugation at 28 000 g and their extinctions at 260 
and 280 тм- were estimated.
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Preparation oj DN -prote in  from  isolated nuclei

The w hole procedurę for this preparation is shown in schem e 1. 
Extraction w ith  0.14 м-NaCl (step  A). The packed purified nuclei 

(40 - 80 g.) were suspended in 450 ml. of 0.14M -Na€l, disintegrated in the

S c h e m e  1 

Preparation oj D N -prote in  jro m  isolated nuclei
Step

Purified thymocyte nuclei 

A Several extractions with 0.14 M-NaCl

Centrifugcition

1
Solutions of components soluble

1
Sediment: DN-protein and other

in 0.14 м-NaCl components insoluble in NaCl
(measurements of E260)

в Dialysis against water

Dialysis residue: DN-protein Diffusate: NaCl, other inorganic
(corresp. to Davison’s thymus ions and dialysable organie

nucleoprotein of constant compounds (discarded)
composition [4])

Ci Water extraction and centrifugalion

I crude DN-protein fraction
1

Sediment

c 2 Water extraction and centrifugation

1
1

Sediment II crude DN-protein fraction

C3 Water extraction and centrifugation

III crude DN-protein fraction Sediment

C4 Water extraction and centrifugation

Residue insoluble in water IV crude DN-protein fraction

Niko blendor at high speed (15 sec., 180 V.) and extracted gently for 
5 min. at Iow speed (65 V.). The hom ogenate was centrifuged for 10 min. 
at 3 000 д. Smali amount of the supernatant was clarified by centrifuga- 
tion at 10 000 gr for 10 min. and its extinction  at 260 тм- w as measured.
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Salt extraction procedurę, as described above, w as repeated w ith  the 
sedim ent until constant extinction values (about 0.1 - 0 .2) o f twe 
successive extracts have been reached.

Dialysis of sediments against w a ter  (step В). То гетоѵ е traces of salts 
the gelatinous sedim ent of DN-protein was washed several tim es with 
water, transferred into cellophane bags (23/32 V isking tubing) and dia- 
lysed against successive 2 1. volum es of water w ith  constant stirrine 
of the outside fluid and gentle m ixing of the DN-protein gel. The гетоѵ а  
of ions was controlled by conductivity m easurem ents of successive 
outside fluids, and reąuired 48 -  96 hr.

Extraction of D N-protein  w ith  distilled w a ter  (step C). The dialysed  
gel o f D N-protein was transferred into 350 or 700 ml. of w ater and left 
in the cold room for 2 - 3  days w ith occasional shaking. The gel gradually 
absorbed the water to form finally  a homogeneous gelatinous mass 
This was centrifuged at 27 000 g for 1.5 hr. at 0 - 2 °  in the Servall refri- 
gerated superspeed centrifuge (SS rotor) and separated into DN-proteir  
sedim ent and elear, easily decantable fluid. Nucleoprotein present in 
this fluid was called the first crude D N-protein fraction. The residue 
was reextracted w ith the same yolum e of w ater for further 24 hr. and 
centrifuged as before. The supernatant containing the bulk of DN-pro­
tein, was defined as the II crude fraction. The sediment, this time 
appearing in m inutę amounts and in form of a compact grey layer, was 
subm itted to two further w ater extractions (100 ml., 24 hr. each) 
Negligible amounts of the materiał w ere extracted giving Solutions of 
the III and IV crude fractions. A smali amount o f sediment, insoluble 
in water, remained. The crude DN-protein fractions were further 
purified by reprecipitation.

Purification of DN-protein  (step D). To the aąueous Solutions of the 
crude fractions sodium chloride w as added to 0.14 м-concentration. The 
resulting fibrous, partially floculous precipitates were centrifuged, 
washed ąuickly w ith  several smali portions of w ater to гетоѵ е salt, 
and dissolved in water at 3°. The obtained Solutions of purified  
DN-protein fractions w ere stored at -20° for further inyestigations. 
The crude III and IV fractions gave in 0.14M-NaCl on ly  faint turbidities, 
and on ly  the fractions I and II were further purified.

Analysis of DN-protein  preparations

The N /P  molar ratios in the crude and purified nucleoprotein pre­
parations w ere determined by means of a new  m ethod of sim ultaneous 
m ineralization [8] using selenium  - H g S 0 4 catalyst. Phosphorus was 
estim ated according to Horecker et al. [9] and nitrogen by a modified  
K jeldahl microprocedure according to Eisner & Wagner [7] in an 
improyed automatic distillation apparatus (J. Skarżyński, in preparation).
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RESULTS AND DISCUSSION

Isolation and purification of nuclei. Thym ocytes and thym ocyte  
nuclei, w hen blended in the sucrose - CaCl2 m edium  at Iow speed (60 V.) 
form uniform  suspensions and their sam ples taken by volum e for ąuanti- 
tative m easurem ents give ąuite reproducible results. At higher speeds 
of the blendor (70 V. and more) clumps of damaged cells or nuclei begin 
to form and quantitative volum etric sampling becomes impossible. 
Therefore, w e did not use speeds higher than 65 V.

Microscopic exam inations of the preparations, even after tenfold  
blending in sucrose - CaCl2 solution at 60 V., have shown the presence 
of single undamaged cells and of slight amounts of cytoplasm ic particles 
attached to the surface of some nuclei. The assays of DNase activity  
showed that even the exhaustively  washed purified nuclei still possessed  
notable D N ase activity. Fig. 1 presents DNase activity in the suspension  
of whole thym ocytes, after the first blending, and in the suspension of

Fig. l  Fig. 2

Fig. 1. D N ase activ ity  of the suspensions of thym ocytes and thym ocyte nuclei. Com- 
position of the sam ples: 4.0 ml. of 0.1% DNA from  thym us, highly polym erized  
(obtained in th is laboratory according to  Skoczylas et al. [15]); 4.0 ml. of acetate  
buffer, pH 5.0, ionic istrength 0.6; 4.0 ml. o f the suspension containing 125 000 cells 
or nuclei in 1 ці- Incubation at 37° on a w ater bath w ith  constant shaking. The 
reaction w as stopped by addition of 4.0 ml. of 20% HCIO4 (finał concn. 0.5 ) . n  A fter  
20 min. th e  m ixture w a s centrifuged for 10 min. at 3000 r.p.m. and in th e  super- 
natant the extinction  w as m easured [13]. ( • ) ,  U ndam aged thym ocytes; (Д ), thym o­
cytes after 5 min. of blending; (O ), purified nuclei after n inefold  blending in

sucrose - СаСІ2 m edium .

Fig. 2. The extinction  at 260 and 280 т ц  o f th e  supernatants after successive  
blendings of thym ocytes in sucrose - CaCl2. The supernatants after г ето ѵ а і o f th y-  
m ocytes w ere clarified by centrifugation for 10 min. at 10 000 g, brought to  suitable  
dilution w ith  sucrose, and their extinction  m easured. The E values, calculated for

undiluted  extracts, are given.
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purified nuclei after nine blendings. However, no quantitative con- 
clusions can be drawn because o f the сош ріех enzym ie composition of 
the suspensions. Both the digestion products o f DNA and RNA and the 
Products of their further enzym ie decom position are present in the 
exam ined acid-soluble fraction. Both from the enzym ie and the m icro- 
scopic exam inations it is yisible that a threefold blending is insufficient 
for the com plete remoyal of the cytoplasm.

During the successive blendings of thym ocytes in sucrose - CaCl2 solu­
tion extinctions at 260 and 280 mu of the supernatants w ere measured  
(Fig. 2). The obseryed decrease o f extinction m ay be considered as an 
additional measure of the гетоѵ аі of the cytoplasm ic components soluble  
in sucrose - CaCl2. Their almost total гетоѵ аі was achieyed after tenfold  
blending. It must be taken into account, howeyer, that such a long and 
exhaustive washing causes a partial extraction of some nuclear materiał 
absorbing at these w ayelengths. N eelin  & Butler [11] isolated nuclei in 
diluted citric acid using a very similar blending procedurę. They found  
that the isolation of thym ocyte nuclei sufficiently  free o f cytoplasm was 
possible on ly  after 8 - 9  blendings. In our experim ents the inereased speed  
of the blendor did not ітргоѵ е the purification. Instead, it led to the 
separation o f the sedim ent into two fractions: the upper one which was 
composed of washed w hole nuclei and the lower one consisting of dis- 
rupted nuclei form ing large clumps characteristic for D N -protein prepa- 
rations. In spite of all precautions, even w hen Iow speed w as used, the
sedim ents comprised a smali amount of damaged nuclei.

Extraction of nuclei w ith  0.14 м-NaCl. Exhaustive washing of isolated  
nuclei w ith  salinę before extraction of DN-protein w ith  water had not 
been used in earlier preparation methods. Dounce et al. [6] w ere the 
first to гето ѵ е nuclear globulins by 0.14M-NaCl extraction. The presence 
of the com ponents soluble in 0.14M-NaCl m ight change the composition  
of DN-protein, therefore in the present work w e intended to гетоѵ е  
them from nuclei after damaging the nuclear membrane but before water 
extraction of DN-protein. In this w ay we hoped to prevent an exchange 
betw een the proteins originally bound to DNA and the proteins soluble 
in 0.14M-NaCl. Furthermore, salinę extraction was expected to гетоѵ е  
at least a part of DNase and cathepsin activities which, although very
smali, are still present in the purified nuclei.

The decrease o f the amount of 0.14 м -NaC l-soluble substances absorb­
ing at 260 тм- in the successiye extracts o f three different preparations 
is shown in Fig. 3. E26o values of the first extracts and the number of 
extractions necessary to reach the required finał extinction value of 
0 .1 - 0 .2 , differed in particular preparations depending on the degree of 
purification of nuclei, on the ratio of NaCl solution yolum e per mass of 
nuclei, and possibly on the percentage of nuclei disintegrated by blending  
at higher speed. The E260 yalues of the first NaCl extracts (Fig. 3) show
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that the amounts o f substances absorbing at 260 шц extracted from  
carefully purified nuclei w ere negligible. If the extinction o f the last 
successive extracts had remained constant this could be considered to be 
a measure o f the solubility  o f DN-protein in 0.14M-NaCl. The extinction  
values depended, however, on the extraction time and the ratio of NaCl 
solution volum e to the mass of nuclei, and these values could be still 
reduced by an increase in the number of extractions. This observation, 
ąuite important for the considerations on constant or reproducible com - 
position o f D N-protein com plexes, w ill be a subject of further ехрегі- 
m ents and w ill be discussed separately.

To get some informations about the naturę of substances extracted  
from nuclei by 0.14 м-NaCl, absorption spectra of the successive super- 
natants in the region from 230 to 300 mi+ were measured. The results 
of determ ination of four successive extracts expressed as percentages of 
their extinction at 260 mu, are presented in Fig. 4. The shapes of the

Fig. 3 Fig. 4

Fig. 3. The extinction  at 260 т ц  o f the supernatants obtained by successive ex tract- 
ions of thym ocyte nuclei w ith  0.14 м -NaCl. The supernatants w ere c larified  by 
centrifugation for 10 m in. at 10 000 g and su itably diluted. The results for three 

separate preparations of nuclei are given.

Fig. 4. A bsorption spectra of four successive 0.14 м-N aCl extracts of purified  
thym ocyte nuclei. For qualitative com parison of the curves, the values are expressed  
as percentages o f E260m/ł. The actual E260 values for particular ex tracts w ere: 

1, 0.838; 2, 0.464; 3, 0.240; 4, 0.172.

curves for the first and second extract indicate the presence of a m ixture 
of larger amounts of protein and sm ali amounts of nucleic acid deriva- 
tives. The third and fourth extract contained on ly  protein.

Dialysis and w a ter  extraction of DN-protein.  In these longlasting steps 
of preparation the m ateriał is exposed to the action of autolytic enzym es,
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and both these procedures have alw ays been the m ost controversial steps. 
Careful purification of nuclei, several extractions w ith 0.14 м -NaCl and 
Iow tem peraturę diminish considerably the activities of autolytic enzym es 
but do not elim inate them  com pletely. Changes occuring in the structure 
of DN -protein during these inevitable steps of procedurę are so far  
unknown.

T a b 1 e 1

N /P  molar ratios during the preparation oj DN-protein  
The results are averages from  four or m ore parallel experim ents.

Fraction Preparation
no.

N/P molar 
ratio

Thymocytes IV 12.45
V 12.22

VI 12.08
Nuclei after 3 blendings in sucrose-
CaCl2 medium IV 12.15

V 12.30
Nuclei after 10 blendings in sucrose-

CaCl2 medium IX 11.63
Nuclei after exhaustive extraction 
with 0.14 м-NaCl (the last super-
natant had an E260 value below 0.2) IX 10.90

I crude DN-protein VI 8.80
VII 8.48
IX 8.30

II crude DN-protein VI 7.72
VII 7.63
IX 7.82

III crude DN-protein VI 8.16
VII 8.38
IX 8.08

IV crude DN-protein IX 12.05

Residue insoluble in water IX 18.40

I purified DN-protein VII 7.96
IX 7.80
X 7.88

XI 7.95

II purified DN-protein VII 7.50
IX 7.61
X 7.49

XI 7.63

The  N /P  molar ratio in DN-protein  preparations. Some values obtained  
are presented in Table 1, and regular changes of this ratio can be obser- 
ved. In the first crude water extracts o f DN-protein the ratio was high
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(average 8.53); it w as the low est in the second extracts (av. 7.72) and 
rose again in extracts III (av. 8.21) and IV (av. 12.05). Crude w ater  
extracts had higher ratio values (up to 18.4) than the w ater-insoluble  
residues. During the purification of the crude fractions I and II the N /P  
ratios decreased (from 7.72 to 7.56 for the II fraction). This suggests  
that some losses of protein occur during salt precipitation of D N -protein  
from water Solutions.

The reproducibility o f the N /P  ratio values was ąuite satisfactory; 
they seem to be the most reproducible in the purified D N-protein fraction  
but the average value of the N /P  molar ratio is much lower than that 
of Davison & Butler [4] who found the N /P  w eight ratio to be 4.1, w hich  
corresponds to 9.07 molar ratio.

We would like to express our thanks to the Polish Women A ssocia- 
tion in Chicago, 111., for the gift of the Servall Superspeed Refrigerated  
Centrifuge which made this work possible, and to the staff of the M uni- 
cipal Slaughterhouse in Łódź for cooperation in the proper collection  
of materiał.

SUMMARY

A method for isolation of deoxyribonucleoprotein (DN-protein) from  
calf thym us nuclei, w ith  reproducible N /P  molar ratios in successive  
preparations, is described.

The nuclei w ere prepared in sucrose - CaCl2 medium, washed  
thoroughly w ith 0.14 м-NaCl, D N-protein was extracted w ith w ater and 
purified by salt precipitation.

The results of microscopic exam inations, estim ation of DNase activity, 
spectrophotom etric control of purification and N /P  ratio estim ations are 
discussed. The finał average molar N /P  ratio value of 7.56 w as reasonably  
reproducible. It was lower than sim ilar values reported in the literaturę.
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B AD AN IA  N A D  IZOLOWANIEM PREPARATÓW  DN-PROTEIDÓW
O POW TARZALNYM SKŁADZIE Z JĄDER KOMÓRKOWYCH GRASICY

S t r e s z c z e n i e
Opisano m etodę otrzym yw ania dezoksyrybonukleoproteidów  z grasicy cielęcej 

z nastaw ien iem  na pow tarzalność stosunku azotu do fosforu w  kolejnych prepara­
tach. Jądra tym ocytów  preparowano w  środow isku sacharozy z dodatkiem  CaCl2 
i przem yw ano starannie roztw orem  0.14 м-NaCl. D ezoksyrybonukleoproteidy ekstra­
how ano w odą i oczyszczano przez w ysolenie.

Przedyskutow ano w yn ik i badań m ikroskopow ych, oznaczenia ak tyw ności DNazy, 
kontroli spektrofotom etrycznej procesu oczyszczania, oraz oznaczeń stosunku azotu  
do fosforu. Końcow a średnia w artość stosunku N /P w ynosiła  7.56. Była ona dość 
pow tarzalna lecz niższa od danych przytaczanych w  p iśm iennictw ie.

R eceiyed  28 March 1963.
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AMP-AMINOHYDROLASE AND GLUTAMINASE ACTIVITIES 
IN THE KIDNEYS AND GILLS OF SOME FRESHWATER 

VERTEBRATES

D epa r tm en t of B iochem istry ,  Medical School, Gdańsk

It has been observed in this laboratory [8] that the kidneys and gills 
of carp could liberate about 7 - 1 0  tim es more ammonia from AM P than 
from glutam inę. In other animals either glutam inase was several tim es 
more active than AM P-am inohydrolase (Mammalia) or both these enzy- 
mes had similar actiyities (Amphibia, Reptilia, Aves).

It is generally accepted that in mam mals the urinary ammonia is 
formed in the kidneys from glutam inę and from some other amino acids 
[14, 5]. Some experim ents concerning the sources of urinary ammonia 
in amphibians w ere also presented [1]. However, very little is known  
about the sources o f the ammonia excreted by freshwater fishes although  
this is their main nitrogenous w aste product. Goldstein & Forster [7] 
established that in marinę teleost Myoxocephalus scorpius 25°/o of am­
monia m ay be accounted for by the disappearance of glutam inę from  
the blood passing through the gills. Our previous results seem  to suggest 
that in lower anim als AMP m ight act as a precursor of ammonia 
excreted [8].

In this paper some data on the actiyities of glutam inase and AM P-am i­
nohydrolase in the kidneys and g ills of some freshwater yertebrates 
are presented.

EXPERIMENTAL

Anim als and tissues.  Lamprey (Lamperta fluuiatilis  L.) and five spec- 
ies of fishes were used for experim ents. The anim als were killed  by 
a blow on the head or by decapitation. The kidneys and gills w ere rapidly 
remoyed and placed in an ice-cold beaker. The soft external layers of 
gili filam ents w ere scraped out w ith a piece of glass and used for 
experim ents. The tissues w ere weighed and homogenized w ith 9 vol. 
of 0.1 M-KCl containing 0.039 м -borate o f pH 7.0, in a Potter-E lvehjem  
homogenizer chilled w ith  ice. A part of the homogenate was diluted

[363]
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w ith an equal volum e of KCl-borate solution and used for glutam inase 
assay. The rest of the homogenate w as centrifuged at 0° for 5 min. 
at 600 g and after discarding the sedim ent, the supernatant w as centri­
fuged again at 0° for 15 min. at 16 000 g. The supernatant w as collected, 
the pellet in  the centrifuge tubę w as rinsed lightly  and suspended in  
KCl-borate solution. The suspension called further the m itochondrial 
fraction, and the supernatant called the cytoplasm ic fraction, w ere  
tested for AM P-am inohydrolase aćtivity.

Glutaminase assay. The incubation was carried out at 25° for 15 min. 
in m icrodiffusion bottles. The incubation m ixture contained in 1.0 ml.: 
10 M-moles L-glutamine; 50 M-moles Na-phosphate buffer, pH 7.7; 
25 Mmoles tris, pH 7.7; 15 lamoles NaCl, and an amount of the w hole  
hom ogenate corresponding to 0.2 -  0.4 mg. o f nitrogen. The reaction w as 
started by the addition o f the homogenate and stopped by the addition  
of 0.5 ml. o f saturated Na2CC>3 solution. The ammonia formed was deter­
mined after m icrodiffusion according to Brown et al. [4]. Colour inten- 
sity  w as measured at 625 mu in a Coleman-6  spectrophotom eter or in  
a Leitz photometer fitted w ith  a no. 620 filter. Two control assays w ere  
made sim ultaneously, one for phosphate-free hydrolysis, and the second  
for non-enzym ic hydrolysis of glutam inę. The results given  represent 
the net phosphate-activated glutam inase activity and are expressed as 
м-moles o f ammonia formed during 1 hr. of incubation per 1 mg. of nitro­
gen or 1 g. w et w eight o f tissue.

AM P-aminohydrolase assay. The incubation m ixture containing in 
2.0 ml.: lO um oles AMP; 200|xmoles KC1; 50 iumoles tris of pH 7.2; and 
amounts of the cytoplasm ic fraction or m itochondrial fraction corres­
ponding to 0.1 -  0.3 mg. of nitrogen, was incubated at 25° for 30 min. 
The reaction w as started by the addition of the tissue preparation and 
stopped by heating for 5 min. on a boiling water bath. The sam ples 
w ere filtered  and the remaining proteins rem oved by treatm ent w ith  
chloroform according to Sevag et al. [11]. The nucleotides and nucleo- 
sides present in the deproteinized incubation m ixtures w ere separated  
by paper chromatography. The enzym e activity w as calculated as des­
cribed by Purzycka [9] and expressed in immoles of IMP formed per 1 mg. 
of nitrogen or 1 g. w et w eight of tissue per 1 hr.

Paper chromatography.  The nucleotides and nucleosides w ere sepa­
rated by the descending technique on W hatman no. 1 paper using satu­
rated ammonium sulphate - isopropanol - w ater (72:2:19, by vol.) accor­
ding to D eutsch & Nilsson [6]. The spots w ere localized by photography  
in ultraviolet light, cut out, and eluted w ith  5 ml. o f 0.1 n-HCI for 12 hr. 
The extinctions of the eluates were read at 250 mu for inosine, and at 
260 ггцА for adenosine derivatives in an Unicam SP 500 spectrophoto­
m eter against appropriate blank samples.
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Total n itrogen determination.  N itrogen w as estim ated in the Far- 
nas-W agner apparatus, C11SO4 being used as a catalyst for combustion, 
and boric acid for binding of ammonia.

Reagents. AM P and tris w ere L. Light (England) products. L-Gluta- 
mine w as from Schuchardt (East Germany). Other reagents w ere obtained  
from the G liw icka Fabryka Odczynników, G liwice, Poland.

RESULTS

In all anim als tested, AM P-am inohydrolase w as localized in the cyto- 
plasmic fraction, in w hich traces of 5'-nucleotidase activity w ere also 
present. The m itochondrial fraction possessed a distinct activity o f 5'-nu- 
cleotidase. Fig. 1 presents a photograph in  UV of a typical chromatogram

Fig. 1. Photograph in UV of the chrom a- 
tographically separated products o f AM P  
decom position by g ills  and k idney of the 
eel. (I), C ytoplasm  o f th e  kidney; (II), 
cytoplasm  o f th e  gills; (III), m itochondria  
of th e  kidney; (IV), standards. For exp e-  

rim ental oonditions see tex t.

of the products arising on incubation w ith  AM P. The cytoplasm ic frac­
tion o f gills and k idneys deaminated AM P to IMP very actively, w hereas 
in the m itochondrial fraction a sm ali amount of adenosine was form ed  
due to the 5'-nucleotidase activity. A faint spot of IMP was som etim es 
observed after incubation of the m itochondrial fraction w ith AMP. This 
was probably due to a contam ination w ith the cytoplasm ic fraction. 
It w as possible to avoid the contam ination by thorough washing o f the 
m itochondrial fraction w ith KCl-borate solution but this procedurę was 
not alw ays applied.

In the cells of k idneys and gills of freshw ater fishes, the localization  
of the enzym es deam inating and dephosphorylating AMP w as found to 
be the sam e as that found by Żydowo [16] in rat kidney.
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Fig. 2 shows the ability of the gills and kidneys of fish and lam prey  
to produce ammonia from AMP and from glutam inę, expressed as i+moles 
ammonia per 1 g. of tissue. It may be seen that the activity of A M P-am i- 
nohydrolase exceeds several tim es the activity of glutam inase in the k id­
neys and gills of all species investigated. It m eans that during a given  
period 1 0 - 3 0  tim es more ammonia can be formed from AM P than from

Fig. 2. The ability  of kidneys and gills o f sorne yertebrates to produce ammorra 
from  glutam inę and AMP. The values represent the m ean, ±  S.D. w here applicable. 
In parentheses, the num ber o f anim als studied. For experim ental conditions see text. 

A M P-am inohydrolase activ ity , w h ite  bars; glutam inase, black bars.

glutam inę. The ratio of AM P-am inohydrolase activity to glutam inase 
activity is alw ays higher in the gills than in the kidneys. The activity  
of glutam inase in the gills o f fishes is lower than in their kidneys, being 
of the same order as in the kidneys of rabbit and guinea pig, the anim als 
which are known to excrete only sm ali amounts o f ammonia.

The lamprey, which belongs to the low est class of vertebrates, can 
also produce more ammonia from AMP than from glutaminę. The acti- 
vities o f both enzym es studied are much low er in the tissues of this 
animal than in those of fishes; the activity o f AM P-am inohydrolase is of 
the order observed in mammals [8].

Table 1 presents the activities o f the two amm onia-producing enzym es 
calculated per mg. of total nitrogen. It m ay be seen from these data 
that in fishes as w ell as in the lam prey AM P-am inohydrolase constitutes 
a relatively large proportion of the proteins present in the excretory  
organs.
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T a b l e  1

The act ivi ties  oj  AMP-aminohydrolase  and glutaminase in the k idneys  
and gills oj  some j reshwater  ver tebrates

The va lu es represent the mean, ±  S.D. w here applicable. In parentheses, the num ber  
o f anim als studied. A M P-am inohydrolase activ ity  w as estim ated  in the cytoplasm ic  

fraction  and glutam inase in the w hole hom ogenate as described in the text.

Species

Kidney Gills

AMP-amino­
hydrolase

[i.moles ІМР/ 
mg.N/hr.

Glutaminase

(i-moles NH 3/ 
mg.N/hr.

AMP-amino­
hydrolase

ji.moles ІМР/ 
mg.N/hr.

Glutaminase

{imoles N H 3/ 
mg.N/hr.

Cyclostomata 
Lamprey (Lamperta flu- 

viatilis L.)
Pisces 
Trout (Salmo irideus 

Gibbons)
Carp (Cyprinus carpio L.) 
Tench (Tinca tinca L.) 
Vimba ( Vimba \iwba  L.) 
Eel (Anguilli angudla L.)

(2) 7.1

(2) 39.0 
(4) 46.5±11.6  
(2) 49.0 
(2) 60.3 
(2) 71.8

(4) 1.1 ± 0 .4

(2) 3.9
(4) 2.6±1.5
(3) 3.8±0.7  
(2) 3.5
(2) 3.1

(3) 12.7 ±  1.0

(3) 172.0 ±25.4
(4) 33.0±10.1 
(2) 25.8
(2) 65.0 
(2) 119.7

(2) 1.0

(2) 2.7 
(4) 1.4±0.3  
(2) 1.5 
(2) 1.2 
(2) 2.4

DISCUSSION

Since the experim ents of Van Slyke et al. [14] it is generally assumed  
that in m am m als the urinary ammonia is formed m ainly from glutam inę  
due to the action of a specific glutam inase [10]. In freshwater teleost 
fishes ammonia is a principal end-product of protein - nitrogen m eta- 
bolism, and the g ills are the main place of its excretion [12]. Many years 
ago Sm ith [12] suggested that ammonia excreted through the gills of 
fishes is not formed there but derives from the blood and is removed  
from the body by sim ple diffusion, however, no experim ental evidence  
supporting this v iew  w as presented. G oldstein & Forster [7] demonstrated  
that most o f the ammonia excreted by fishes is formed in the gills, 
and only about 12% derives from the blood ammonia. They found that 
in the gills o f Myoxocephalus  scorpius  the deamidation of glutam inę  
supplies about 25% of the ammonia excreted. A s the deamination of 
glutam ic acid may supply another 25%, they concluded that on ly  the 
rem aining 40% of the ammonia excreted by the gills is still not ac- 
counted for.

As ammonia is formed in the excretory organs of fishes and am phi- 
bians [15,2] the high activity of AM P-am inohydrolase would suggest 
that AM P m ay serve as an important source of ammonia. However, the 
concentration o f AM P and its turnover rate in the kidneys and gills
4
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of fishes are not known. On the other hand, the concentration of gluta­
minę is very similar to that observed in the kidneys o f mammals (M. Ż y -  
dowo and J. Purzycka, unpublished data).

Apart from fishes, only in the kidneys of amphibians such high acti- 
vity of AM P-am inohydrolase w as obseryed [8]. In amphibians the high  
activity of AM P-am inohydrolase is accompanied by a relatively high  
activity of glutam inase whereas in fishes the activity of the latter enzyme- 
is much lower than that of the former. Amphibians are the transitory  
group of yertebrates betw een those liying in w ater and the fu lly  ter -  
restrial animals. Their Іагѵаі forms live in water and are am m oniotelic; 
then perhaps the ammonia is formed to a larger exten t by deam ination  
of AMP, like it is proposed for the teleost fishes and Cyclostomes. A fter  
metamorphosis the amphibians become terrestrial and then they are p re- 
dom inantly ureotelic and may use the glutam inę - glutam inase system  
for ammonia production, as mammals do. Xenopus laevis,  the adult form  
of which is liying in water, has both very active AM P-am inohydrolase 
and glutam inase in the kidney. This animal preserved the ability of 
being either amm oniotelic or ureotelic depending on the external enyiron- 
m ent [13, 3].

A lthough the activities of both glutam inase and AM P-am inohydrolase  
in the kidneys and gills o f lamprey are Iow as compared w ith fish esr 
also in this animal the latter enzym e is much more active than the 
former.

The present data as w ell as the previously described experim ents [8] 
suggest that in low er yertebrates the deamination o f AM P m ight supply  
a significant amount o f the ammonia excreted.

The author w ishes to thank Doc. Dr. M. Żydowo for his criticism  
and helpful discussion, and Mrs. Regina Kaczorowska for her technical 
assistance. The specim ens of fish were kindly supplied by Mgr. R. Bartel 
from Instytut Rybactwa Śródlądowego in Gdańsk, Eng. A. Kosior from  
Ośrodek Doświadczalny M.I.R. in Tolkmicko, and Mr. M. P ietrusiński 
from Centrala Rybna in Gdynia.

SUMMARY

The actiyities of AM P-am inohydrolase and glutam inase w ere esti­
mated in the kidneys and gills o f five teleost fish species and of the 
lamprey. K idneys and gills o f fishes possessed very active AM P-am ino­
hydrolase whereas the actiyity of glutam inase w as Iow being o f the  
order obseryed in higher animals. The actiyity of glutam inase in the 
gills was always lower than in the kidney. The possible role in various 
species of AM P and glutam inę as precursors of the ammonia excreted>, 
is also discussed.
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AKTYW NOŚĆ AM P-AM INOHYDROLAZY I GLUTAM INAZY W NERKACH  
I SKRZELACH KRĘGOWCÓW SŁODKOWODNYCH

4

S t r e s z c z e n i e
Oznaczano aktyw ność A M P-am inohydrolazy i glutam inazy w  nerkach i skrze- 

lach m inoga oraz p ięciu  gatunków  słodkow odnych ryb kostnoszk ieletow ych . W ner­
kach i skrzelach ryb znaleziono bardzo w ysoką aktyw ność A M P-am inohydrolazy, 
natom iast aktyw ność glutam inazy jest niska; jest ona tego rzędu co w  nerkach  
w yższych zw ierząt. A ktyw n ość glutam inazy w  skrzelach jest u w szystk ich  bada­
nych gatunków  niższa niż w  nerkach. P rzedyskutow ano rolę AM P i glutam iny  
jako prekursorów  am oniaku w ydalanego przez różne zw ierzęta.

R eceived 22 A pril 1963.
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Medes & Floyd [9] reported that cystine is oxidized by rat Ііѵег hom o- 
genate, and Chapeville & Fromageot [2] found that one of the products of 
cystine incubated w ith  chick embryo homogenate is cystine disulphoxide.

Sulphoxide can be synthetized by oxidizing cystine w ith hydrogen  
peroxide in the presence of iodine as catalyst [22]. The oxidation of cystine  
by hydrogen peroxide suggests that peroxidase may be involved in the 
physiological oxidation o f this compound. Therefore w e undertook a study  
of the oxidation o f cystine by hydrogen peroxide in the presence of 
a crude preparation of horse-radish peroxidase. The catalytic effect of 
iodine on non-enzym ic oxidation of cystine [1, 22], as w ell as the fact that 
peroxidases are activated by KI3 [15], induced us to em ploy potassium  
iodide as activator of the enzym ie oxidation of cystine.

The properties of horse-radish peroxidase described by Theorell [18] 
and the observations of K nox & M ehler [5] on peroxidases indicate that 
an inerease in hydrogen peroxide concentration decreases the activity  
of these enzym es. To avoid this effect, in the present experim ents the 
hydrogen peroxide was generated in the ineubation m ixture by the oxi-  
dation of glucose by glucose oxidase. Sulphoxides, the expeeted product 
of the reaction, are unstable compounds which decompose readily, giving  
cystine. Hence, it was not possible to follow  the reaction by determ ination  
of the decrease of cystine, or by Chemical characterization of the reaction  
product. Manometrie determ ination of oxygen  consumption was there­
fore em ployed. O xygen uptake w as found to be proportional to the 
amount o f hydrogen peroxide used in the presence of peroxidase for 
the oxidation o f cystine. The products of the reaction were separated  
chrom atographically and compared w ith  the synthetically  obtained su l- 
phur amino acids. A s some compounds containing the sulphoxide grouping  
were found to affect the activity of enzym es w ith active SH groups 
[21 , 14, 13] and the presented experim ents confirmed the inhibitory effect 
of cystine sulphoxide on the activity of papain, the effect of the products 
of enzym ie oxidation of cystine on papain activity was also studied.
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MATERIALS AND METHODS

A crude preparation o f horse-radish peroxidase was obtained by the 
m ethod presented by Maehly [7] and based on the procedures of Theorell 
and K eilin. The RZ value (the ratio of extinction at 403 mu to extinction  
at 275 mi+) o f the preparation was 0.2 - 0.3. Denaturation o f peroxidase  
was carried out by heating on a boiling water bath for 1 5 -2 5  m in., 
w hich resulted in a loss of activity towards dihydroxyphenylalanine.

C ysteinesulphinic acid and cystine sulphoxide were obtained by the 
m ethod described previously [22]. Cystine (Riedel, Наппоѵег, Germany), 
1 - 3  т м  solution in Na2H P04 -HCl buffer of pH 7.2 was used. Cysteinie 
acid, papain and EDTA w ere L. Light (Colnbrook, England) produets. 
The preparations of glucose oxidase (К. & K. Lab. Inc., U.S.A., and 
L. Light, England) contained catalase. Catalase was from К. & K. Lab. Inc., 
U.S.A.; glucose and potassium iodide from Fabryka Odczynników Che­
m icznych, G liw ice, Poland.

Humań haemoglobin was dissolved in w ater and denatured by heating  
for 15 min. on a boiling water bath.

The ineubations w ere carried out at 37°, the finał volum e of the 
sam ples being 4 ml. Substrates and enzym es were dissolved in 0.05M -phos- 
phate buffer o f pH 7.2. The course of oxidation of cystine by peroxidase 
w as studied m anom etrically, chromatographically, and by a method con- 
sisting in determ ination of the effect of the reaction produets on the 
activ ity  o f papain. The experim ents were performed with eight sam ples 
of different com position (Table 1). Substrate, peroxidase and glucose 
w ere placed in the Warburg flasks, 0.1 ml. of 20°/oNaOH in the central 
w ell, and glucose oxidase in the sidearm. The reaction was started by 
adding glucose oxidase, and ineubation carried out until oxygen  uptake 
ceased, i.e. until the whole amount of the glucose added was oxidized. 
The reaction w as com pleted in about 60 min. Then each o f the eight 
sam ples was divided into four parts. To the first part of each sample 
50 (Lig. of catalase in 0.5 ml. of buffer was added and, after 5 min. ineu­
bation, 100 (utg. o f papain in 1 ml. of l°/o EDTA in phosphate buffer; 
10 min. ineubation followed. Then the m ixture was added w ith a suspen- 
sion of 25 mg. o f denatured haemoglobin in 1 ml. of phosphate buffer, 
and ineubated at 37° for 15 min. After deproteinization w ith  5 ml. of 
5®/o trichloroacetic acid, aromatic amino acids were determined in 2 ml. 
o f the filtrate [4].

The rem aining three parts of each of the 8 samples w ere analysed  
by paper chromatography. For this purpose they w ere desalted and 
deproteinized w ith  a double volum e of acetone. The acetone was 
rem oved by shaking w ith  chloroform. Since sulphoxides decompose 
during chromatography, in two of the three portions the sulphoxides
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w ere transformed into more stable compounds by reactions w ith  CN~  
and H S~ [16,12]. To one portion 0.5 ml. of 0.01 n-K C N  w as added 
.(reaction 1), and a current of H2S was passed through the other portion  
.(reaction 2).

These reactions w ere carried out at 20° for 1 hr. A fter acidification  
with 0.1 ml. o f 0.2 n-HCI, the Solutions w ere concentrated in a current 
of air, then applied m arginally on the circles of W hatman no. 1 paper, 
and developed using the solvent system  of tert.  butanol -  form ie acid - 
-w a te r  (70:15:15, by vol.). The chromatograms w ere dried at room tem ­
peraturę and the spots localized w ith  isatin, ninhydrin [10], or reagents 
.allowing differentiation of sulphur amino acids, i.e. KI in HCl, sodium  
azide, chloroplatinate, ferric chloride and silver nitrate [22]. In addition, 
standard sulphur amino acids w ere used for identification.

Reaction of cystine w i th  the enzymical ly  produced hydrogen peroxide  
catalysed by  horse-radish peroxidase

Tw enty experim ents were performed; a typical one together w ith  
the manometrie results, is illustrated in Table 1. The amount o f oxygen  
consumed per hr. in control sam ples to which no cystine w as added  
(sample III) and to w hich  heat-denatured peroxidase w as added (sam ples 
II, IV, VI, VIII) w as 1 8 0 - 190 pi. The consum ption o f oxygen  in the 
proper sam ple (I) w as 200 - 220 ul., and after adding KI (sample V), 
215 - 240 ul.

The consumption of oxygen  by all 8 sam ples resulted from the oxida- 
tion o f glucose by glucose oxidase. As the preparations o f glucose oxidase  
contained catalase, the decom position of hydrogen peroxide proceeded  
sim ultaneously, so that the manom etrie readings w ere the resultants of 
both reactions. In the proper sam ples in w hich cystine was also present 
together w ith  the active peroxidase the consum ption of oxygen  was 
higher because a part of the hydrogen peroxide w as used for the oxida- 
tion of cystine. The effect of possible changes in catalase activity was 
also exam ined by adding catalase in some experim ents after the incuba­
tion. No m anom etrically detectable am ounts of hydrogen peroxide w ere  
found in any of the samples.

The chromatographic analysis of the ineubated sam ples containing  
cystine and active peroxidase revealed the presence o f cysteinesulphinic

* In th is paper the sym bol R is used to denote the am inopropionic radical, 
-CH2-CH NH 2-COOH.

R S 0 2SR * +  CN“  -> R S 0 2-  +  RSCN  

2 R S 0 2SR +  H S“  -> R S 0 2-  +  RSQ2SH +  RSSR
(1 )

(2)

RESULTS
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T a b 1 e 1

The oxidation of cystine by  hydrogen peroxide catalysed by  horse-radish
peroxidase

C om position of the incubation m ixture: cystine, 6 p,moles; glucose, 16 umoles;. 
glucose oxidase, 100 p,g.; horse-radish  peroxidase, 500 pg.; О.Обм-phosphate buffer, 
pH 7.2; and, w here indicated, 1 pm ole of KI. F inał yolum e 4 ml. M anom etrie 
readings w ere made as described in the text. R esults are expressed  as pi. o f

consum ed O2.

Composition of the sample
Incubation time (min.)

20 45 60

I. Whole sample 98 188 208
II. Whole sample, peroxidase denatured 85 166 187

III. Cystine omitted 85 162 185
IV. Cystine omitted, peroxidase denatured 89 171 190

V. Whole sample, KI added 101 198 226
VI. Whole sample, KI added, peroxidase

denatured 86 170 190
VII. Cystine omitted, KI added 90 165 180

VIII. Cystine omitted, KI added, peroxidase
denatured 89 169 190

acid and smali amounts of cystine disulphoxide. A fter subseąuent treat- 
m ent w ith cyanide, chromatography showed the presence of cysteine-  
sulphinic acid and cysteinie acid, and after treatm ent w ith hydrogen  
sulphide, traces of alaninethiosulphonic acid. In the sam ples w ithout 
active peroxidase only cystine was found.

The effect  of cystine oxidation products on the act iv i ty  of papain

The experim ents performed by W ills [21] on the effect o f allicin  
(C3H5SOSC3H5) on the actiyity of enzym es depending on the presence 
of free SH groups, and the work of Pihl et al. [14, 13] on the effect o f  
cystam ine m onosulphoxide on some of these enzym es, suggest that 
cystine sulphoxide may have a similar effect. The effect o f this compound  
and of some other sulphur amino acids on the actiyity of papain was: 
therefore studied. It was found (Fig. 1) that cystine sulphoxide is an 
inhibitor o f papain, the effect being proportional to the concentration. 
Cysteinesulphinic acid inhibits papain actiyity only slightly, and cystine  
and cysteinie acid are w ithout effect.

These results perm itted to estim ate the formation of cystine sul- 
phoxide by determ ining the actiyity of papain. W hen the m anom etrie 
experim ent w as terminated, 0.25 - 1 ml. sam ples were w ithdrawn from  
the Warburg flasks and ineubated w ith  papain solution and denatured  
haemoglobin. From the results (Fig. 2) it is apparent that during the 
incubation of cystine w ith hydrogen peroxide and peroxidase, some-
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Fig. 1. The effect of sulphur amino acids on papain actiy ity . ( • ) ,  C ysteinie acid;
(O ), cystine; (Д ), cysteinesu lph in ic acid; (Д), cystine sulphoxide. A ctiv ity  o f  papain  
w ith  buffer added instead of sulphur am ino acid, w as assum ed to  represent 100%  
activity. Conditions: 1 ml. of suitably diluted sulphur am ino acid in 0.06 м-phosp hate  
buffer, 100 ng. papain, 10 mg. EDTA, 25 mg. denatured haem oglobin to total volu m e  

of 4 ml. at pH 7.2; ineubation 37°, 15 min.

Fig. 2. The effect of cystine oxidation products on papain activity. The actiy ity  
of papain w as estim ated  in a m ixture containing in 4 ml.: 100 g,g. papain, 10 mg. 
EDTA, 25 mg. denatured haem oglobin and a sam ple of the ineubation m ixture after  
the m anom etrie experim ent. The original com position of the added sam ples as in 
Table 1; sam ple I contained cystine and active peroxidase; sam ple V, cystine, 
active peroxidase and KI. For sam ples 1 and V the am ount of 0 2 consum ed in th e  

m anom etrie experim ent is also giyen.
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products inhibiting papain activity are formed. The degree o f inhibition  
was proportional to the amount of oxygen  previously used for the oxida- 
tion of cystine in the Warburg fiask.

DISCUSSION

The experim ental findings provide evidence that horse-radish pero- 
xidase catalyses the oxidation of cystine by hydrogen peroxide, especially  
in the presence of potassium  iodide. A  sulphoxide-type compound was 
formed but it was not further identified. At present, three types of 
cystine sulphoxides are known: two isomeric forms of disulphoxide 
R S 0 2SR and RSOSOR [17,20], and cystine m onosulphoxide [8,19]. 
Interconversion of the mono- and disulphoxide is probably possible 
according to the reaction:

2 RSOSR ^  R S 0 2SR +  RSSR (3)

This reaction m ay offer an explanation w hy workers using the same 
compound for oxidizing organie disulphides have obtained either sulpho- 
xide [13] or disulphoxide [6 , 8]. Presum ably, all the m ethods of synthesis 
know n at present lead to a m ixture of the three above-m entioned forms 
of cystine sulphoxides. Furthermore, cystine disulphoxides and mono- 
sulphoxide undergo dism utation to cysteinesulphinic acid and cystine.

3 R S 0 2SR +  2 H20  -> 4 R S 0 2H +  RSSR (4)

3 RSOSR +  H20  -> 2 R S 0 2H +  2 RSSR (5)

Such behaviour of the sulphoxides constitutes a d ifficu lty  in ąuanti- 
tative evaluation by the amo>unt o f oxygen  consum ed of the course of 
the oxidation o f cystine. It is not known w hether one atom of oxygen  
reacts w ith a m olecule of cystine giving the m onosulphoxide as first 
product, or w hether two atoms of oxygen are involved, resulting  
in formation of the disulphoxide. The degree o f inhibition of papain 
actiyity also furnished only approxim ate values sińce sulphoxides 
undergo dism utation fairly rapidly, and the formed cysteinesulphinic 
acid has a distinctly weaker effect on the actiyity of the enzym e.

The lability o f the sulphoxides, and the ease w ith  which they  
undergo reduction, dism utation and oxidation, suggests that they may 
play a role in tissue metabolism. The known reactions of disulphoxides, 
and especially of m onosulphoxides, w ith  thiol (reactions 6 , 7) [12, 3] may 
ехріаіп the inhibitory effect of sulphoxides on papain actiyity and on 
•other enzym es containing SH groups [21, 14, 13].

R S 0 2SR +  RSH -> R S 0 2H +  RSSR  

RSOSR +  2 RSH -> 2 RSSR +  H20  (?)
(6)

(7)
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The wide distribution in animal tissues of enzym es producing hydro­
gen peroxide, and of peroxidases [11] suggested that cystine sulphoxide 
may be a natural m etabolite. The work of Chapeville & Fromageot [2] 
confirm ed this supposition. Sulphoxides may be the first step in physio­
logical oxidation of cystine, and their formation m ay be o f importance 
for the activity of reactions catalysed by enzym es w hich reąuire SH 
groups for their activity.

The authors are indebted to Doc. Dr. T. W. Szczepkowski for valuable 
advice given by him during the course o f this study.

SUMMARY

Oxidation of cystine by hydrogen peroxide catalysed by horse-radish  
peroxidase w as demonstrated. Potassium  iodide activates this reaction. 
Sulphoxide formed by oxidation of cystine inhibits the activity of papain.
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UTLENIANIE CYSTYNY NADTLENKIEM  W ODORU W OBECNOŚCI 
PEROKSYDAZY CHRZANOWEJ

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

Stw ierdzono utlen ian ie cystyny nadtlenkiem  w odoru katalizow ane przez pero- 
ksydazę chrzanową. A ktyw atorem  tej reakcji jest jodek potasu. Su lfotlen ek  w y ­
tw orzony przez u tlen ien ie cystyny ham uje działanie papainy.

R eceived 25 A pril 1963
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The diapause in insects, at w hatever stage of the life cycle it sets on, 
is alw ays characterized by the arrest of developm ent and the m inim um  
in the m etabolic activity. Thus, the diapausing insects when compared  
with the active ones are a suitable object for studies on the correlation  
between the m etabolic activity and the radiosensitivity in animals. The 
results preyiously reported [4] indicated that the diapausing pupae of 
Celerio euphorbiae  irradiated w ith y-rays at the period of m inim um  
m etabolic rate are more sensitive than the adult moths.

This paper deals w ith the effect of y-rays on ВотЪух mori,  an insect 
which diapauses at the egg stage. The aim of present experim ents was 
to compare the effects of ionizing radiation when applied at the period 
of m inim al and that of normal m etabolic rate in the in sec fs  life cycle.

MATERIAŁ AND METHODS

ВотЪух mori  o f “warska” race, used in these experim ents w ere
purchased from an industrial culture. The eggs were kept from October 
to the first days of February at 15° and then to 20 May at 4°. Thereafter 
the tem peraturę was raised gradually and amounted on 28 May, 4, 6 and 
13 June to 10°, 15°, 20° and 25° respectively. At this last tem peraturę 
the eggs w ere kept till the hatching of Іагѵае. The Іагѵае were grown  
at room tem peraturę (20° ±  2°). For the spinning period the culture  
vessels w ere fitted  w ith  insets in order to facilitate the cocoon form a- 
tion. The cocoons w ere stored at 25° till the eclosion of adults and these
were kept at the same tem peraturę till their natural death.

Each portion of living m ateriał was irradiated w ith a single dose of 
^-rays delivered from 60Co source (48 Curie), the average dose-rate
being 200 rtg. per min. The sam ples to be irradiated as w ell as the 
control ones were taken out from the population at random. The eggs 
w ere irradiated w ith the doses of 2500, 5000 and 10 000 rtg. on 28 May 
and with the doses of 20 000 rtg. on 23 October, 13 April and 28 May. 
The purgating Іагѵае (imm obilized for the time of irradiation in th in-

[379]
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-w ali glass tubes of appropriate diameter) and the 3-days old cocoons 
w ere irradiated with 2500 and 10 000 rtg.

The growth of Іагѵае was controlled by w eighing. The average w eight 
of Іагѵа for each group w as calculated at early stages of developm ent 
from the total w eight of the w hole group and later from the w eight o f  
10 Іагѵае chosen at random from the group.

RESULTS

Eggs. The dose of 20 000 rtg., at w hatever period it was given, as 
w ell as the dose of 10 000 rtg. w hen given at the beginning o f post-dia- 
pausal developm ent o f eggs inhibited com pletely the hatching of Іагѵае. 
The doses o f 2500 and 5000 rtg. delayed the hatching by 3 days, as 
compared to the control, and reduced the number of Іагѵае to 50°/o 
and 10°/o respectively, as referred to the number of irradiated eggs.

The growth of Іагѵае derived from irradiated eggs was impaired  
and the m ortality in these groups was higher than in Controls (Table 1).

T a b l e  1

The effects of y-irradiation of eggs on fur ther  deve lopment  o f Bom byx
mori

A s control non irradiated eggs w ere used.

Day of Іагѵаі growth
Control

Dose applied
2500 rig. 5000 rtg.

Average weight of Іагѵа (mg.)

11 27 22 15
14 38 34 20
17 71 62 30
20 128 88 53
23 169 148 110

26—27 290 264 181
29—30 550 401 549

32 741 602 672
35 1140 1196 1201
38 1809 1925 1911
41 2466 2080 1680

Observation Number of animals

Total number 30 30 30
Died within 40 days of
growth 2* 9 18

Died at the spinning period 1 17 10
Formed cocoons 21 4 2
Formed pupae in cocoon 18 2 1
Eclosed adults 18 2 1

* On e  sp ec im e n  in ju r e d  m e c h an ic a lly .

380 Z. LASSOTA [2 ]
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The sm aller w eight increm ent in Іагѵае from eggs irradiated w ith  2500 
and 5000 rtg. could be observed beginning w ith the 20th and lOth day 
respectively. The difference in the average w eight of Іагѵа betw een  the 
irradiated and control groups vanished after 30 - 38 days of growth, 
owing to the earlier death o f more injured animals. The m ortality o f 
Іагѵае during their growth was greater in the group exposed to 5000 rtg. 
than in that exposed to 2500 rtg. At the spinning period the m ortality  
in the group exposed to 2500 rtg. was higher than in that exposed to 
5000 rtg. and finally  only a few  anim als survived in either group. The 
irradiation did not affect the spinning nor the pupation and m etam or- 
phosis o f survivors. No exterior abnormalities w ere observed in the  
eclosed adults.

Larvae and pupae.  The irradiation o f purgating Іагѵае and of 3-days 
old cocoons w ith 2500 and 10 000 rtg. did not prevent the m etam or- 
phosis (Table 2). However, the exposure to 10 000 rtg. resulted in the 
injured metam orphosis process. The eclosed adults showed distinct 
exterior abnorm alities (unexpanded wings, bare thorax and abdomen, 
m alform ations and paresis o f legs) so that the percentage o f normal 
adults in these groups was considerably lower than in Controls. The 
effect w as most pronounced w hen the y-rays were given at the stage 
of purgating Іагѵае.

T a b l e  2

The effect  of y-irradiation at the Іагѵаі or pupal stage on the m e ta m o r ­
phosis in Bom byx mori

Observation

Purgating Іагѵае Pupae in 3-days old cocoons

Control
irradiated with 

2500 rtg. 110 000 rtg. Control
irradiated with 

2500 rtg. 110000 rtg.

Number of animals

Total number of observed
animals 20 30 30 29 26 25

Pupated animals 15 21 18 29 26 25
Adults formed in the

pupae 12 19 16 29 26 25
Eclosed adults (total) 11 17 13 24 24 18
Normal eclosed adults 9 12 6 19 20 11

Percent of normal adults
referred to total number 45 40 20 65 76 44

The influence of irradiation of Іагѵае or pupae on the reproduct ion  
in adults.  The reproduction was m arkedly impaired in groups irradiated  
with 10 000 rtg. at Іагѵаі or pupal stage (Table 3). In 7 out of the 12 
observed pairs o f adults no copulation occurred at all. A high percentage  
of eggs layed by the mated fem ales w ere not fertilized. The hatching
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T a b l e  3

The effect  of 10 000 rtg. of y-rays  діѵеп at the Іагѵаі or pupal stage on 
the reproduct ion of eclosed adults of B. mori

Female Małe Copulation
Number of eggs

total fertilized

treated treated ____ 0 —

treated treated — 420 0
treated treated + 450 300
treated non treated — 170 0
treated non treated — 280 0
treated non treated — 0 —
treated non treated + 120 0
treated non treated + 240 180
non treated treated — 370 0
non treated treated + 550 400
non treated treated — 150 0
non treated treated + 170 90

of Іагѵае from fertilized eggs did not exceed 25%; in one case, 300 out 
of 450 eggs layed, has been fertilized but only 5 Іагѵае hatched and even  
these died w ith in  few  days. In the group irradiated w ith  2500 rtg. at 
the Іагѵаі or pupal stage, the copulation occurred as a rule. The number 
of layed eggs and the percentage of unfertilized ones did not differ from  
the control values (Table 4). In this group the hatching of Іагѵае was 
normal.

T a b l e  4

The effect  of 2500 rtg. of y-rays  діѵеп at the Іагѵаі or pupal  stage on the 
reproduct ion of eclosed adults of B. mori

Irradiation applied 
at the stage of

Female Małe Copula­
tion

Number of eggs

total fertilized

Purgating Іагѵае non treated non treated + 220 214
non treated non treated + 240 235
non treated non treated + 210 206
treated treated + 220 100
treated treated + 160 125
treated treated + 380 340
treated non treated + 200 185

Pupae in 3-days
non treated treated + 110 101

old cocoons treated treated + 280 245
treated treated + 190 183
treated treated + 170 113
treated non treated + 200 180
non treated treated + 280 265
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T a b l e  5

The effec t of y-irradiation of parents at the prepupal  period on the  
development  of their offspring

The observed groups w ere chosen at random from  each population.

Day of Іагѵаі 
growth of the 

offspring

Parents

Control (non 
irrad.)

Irradiated, dosis (rtg.)

Female Małe 
2500 2500

Female Małe 
10 000 0

Female Małe 
0 10000

Average weight of Іагѵа (mg.)

10—11 9 12 5 6
13—14 18 21 11 14
16—17 28 42 16 22
19—20 54 72 28 46
22—23 87 102 68 73
25—26 160 174 129 133
29—30 310 365 265 215
31—32 463 533 517 397
34—35 623 723 1018 543
37—38 1363 1140 1817 1150

Observation

Total number 30 30 30 30
Died during the feed­
ing period (%) 3 3 30 30

Formed the cocoon
(%) 54 26 26 28

The development  of the second generation.  The irradiation at the 
Іагѵаі or pupal stage affected the developm ent of the offspring even  
w hen the parents w ere of normal exterior and behaviour (Table 5). The 
progeniture o f individuals exposed to 2500 rtg. developed norm ally till 
the stage o f purgation. The offspring of indiyiduals irradiated w ith  
10 000 rtg., howeyer, showed early the radiation damage and about 1/3 
of this population died w ith in  the feeding period. The m ortality at the 
purgation and spinning period, however, made the difference statisti- 
cally insignificant as finally  only about 1/4 of each progeniture reached 
the stage of cocoon-spinning.

DISCUSSION

The adult insects are relatively resistant against ionizing radiation. 
The doses of 250 000 rtg. given on Celerio euphorbiae  [4] and of 200 000 
rads applied on the fem ales of Habrobracon  [1] did not cause their 
immediate death. High doses can result in temporary immobilization of 
adult insects [7, 1]. This effect was also obseryed in the diapausing pupae
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of Celerio euphorbiae,  w hen irradiated w ith 1 500 000 rtg. of j^-rays [4]. 
Clark [1] referred the Iow sensibility of adult insects to the lack o f 
m itoses in their somatic tissue.

As a m atter of fact the insects at the stages in their life cycle w hich  
are connected w ith  the celi division are usually more susceptible to the  
ionizing radiation. We have previously reported [4] that the dose of 
15 000 rtg. o f y-rays given on the diapausing pupae of Celerio euphorbiae  
resulted in exterior abnormalities in adults. In the present experim ents  
the dose of 10 000 rtg. of ^-rays injured the metamorphosis in B o m b y x  
mori  too. This dose applied on Іагѵае at the 5th instar damaged the 
tissues which had to develop only after the irradiation, like wings, and 
did not impair the already formed tissues and functions like spinning  
and pupal molting. Clark [1] observed that the irradiation of Habrobracon  
Іагѵае w ith 3000 rads of X -rays did not inhibit m arkedly the eclosion  
of adults, the m ajority of whom, however, showed m alform ations o f  
wings. Lucas [5] reported the high radiosensitivity o f m ouse-retina at 
the stage of cytological differentiation, but emphasized that the suscepti- 
bility  is greater than one could expect taking into account the num ber 
of m itoses observed.

The functions involved in the reproduction seem  to be more sensitive  
to ionizing radiation than the metamorphosis. The damage to reproduc­
tion was obseryed even in these adults in which the irradiation w ith  
10 000 rtg. at the Іагѵаі or pupal stage did not result in external m al­
formations. This is in agreem ent w ith  the experim ents of other authors. 
Grosch [3] reported the sterility  of adult fem ales of Habrobracon  after 
doses o f a few  thousand rads of ionizing radiation and Erdman [2] 
observed the same effect w ith doses o f the same rangę applied on Іагѵае 
or pupae of this insect. In our experim ents the low est dose of 2500 rtg. 
of radiation used, did not result in the damage to either m etam orphosis 
or reproduction of eclosed adults. The effects w ere perceptible only in 
the second generation at the spinning period.

The Іагѵае of B. mori  at the 5th instar as w ell as the fresh pupae in 
the 3-days old cocoons are characterized by high level o f respiration, 
i.e. by considerable m etabolic actiyity. For the period o f diapause in 
eggs the embryonal deyelopm ent is arrested at the stage “A ” so that no 
m itoses occur [6]. The m etabolic actiyity o f diapausing eggs of B. mori  
drops dram atically at the third day after they w ere layed and rem ains 
on a leyel about 30 tim es lower than that o f aeveloping eggs. In our 
experim ents all doses were applied at the period of m inim al m etabolic 
actiyity o f eggs. The irradiation in October was given at the period of 
physiological diapause persisting even at the enyironm ental tem peraturo  
of 15°. In April the Iow storage tem peraturę of 4° prolonged artificially  
the conditions as in diapause. The irradiation in May was applied on 
eggs stored at 10°, this temperaturę being below  the threshold for
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further deyelopm ent of embryo. The results indicate that the diapausing 
eggs o f B. mori  showed much greater sensitivity to ionizing radiation  
than the actively m etabolizing Іагѵае or pupae. This is particularly  
evident when the effects of 2500 rtg. dose are compared. This dose 
applied on diapausing eggs inhibited by 50% the hatching and impaired  
the further developm ent so that only few  percent of the population  
reached the imago-stage. W hen the same dose w as given at the Іагѵаі 
or pupal stage neither the metamorphosis nor the reproduction of the 
irradiated generation were affected.

Taking into account the results of our previous studies on the radio- 
sensitiv ity  o f Celerio euphorbiae  [4] and the present results on ВотЪух  
mori , it can be stated that in the life cycle o f the investigated Lepi- 
doptera there are two periods of high sensitivity to ionizing radiation: 
the egg stage and the pupal one. This sensitiv ity  persists as w e ll if the 
insect diapauses at one of these stages. The possibility that the prolonged, 
physiological lowering of m etabolic rate increases rather than decreases 
the radiosensitiyity o f insects w ill be the working hypothesis o f our 
further studies.

SUMMARY

ВотЪух mori  w ere irradiated w ith single doses of y-rays. The dose 
of 10 000 rtg. given on purgating Іагѵае or on 3-days old cocoons injured  
the metamorphosis. The effect of 2500 rtg. applied at the same stages
was reyealed only in the second generation. The dose o f 10 000 rtg. given
on the diapausing eggs inhibited com pletely the hatching of Іагѵае and 
the doses of 2500 and 5000 rtg. delayed the hatching of Іагѵае and 
reduced their number respectively to 50% and 10% of the obseryed  
population. The high radiosensitiyity of the stage of egg and that o f  
pupae in Lepidoptera persists even if at these stages the m etabolic 
actiyity is minimal ow ing to the diapause.

R E F E R E N C E S

[1] Clark A. M. - Radiat. Res. 15, 516, 1961.
[2] Erdman H. E. - Intern. J. Radiat. Biol. 3, 183, 1961.
[3] Grosch D. S. - Radiat. Res. 12, 146, 1960.
[4] L assota Z. & H eller J., - V Intern. Congr. Blochem., M oscow, 1961, Abstr.

Comm. 24-31.
[5] L ucas D. R. - Intern. J. Radiat. Biol. 3, 105, 1961.
[6] M ichajłow  E. N., S zo łkow ods tw o .  Gos. Izdat. Sielskochoz. Lit., M oskw a, 1950.
[7] W harton D. R. A. & W harton M. L. - Radiat. Res. 11, 600, 1059.

http://rcin.org.pl



386 Z. LASSOTA [8]

WPŁYW PROM IENIOW ANIA у NA JAJA, GĄSIENICE I POCZWARKI
B O M B Y X  MORI

S t r e s z c z e n i e
N aśw ietlan o  ВотЪух mori  jednorazow ym i daw kam i prom ieniow ania y. Dawka  

10.000 rtg. podana w  stadium  oczyszczającej się gąsienicy lub 3-dniow ego kokonu  
zaburza przebieg m etam orfozy, a daw ka 2500 rtg. ujaw nia sw e skutki dopiero 
w  następnym  pokoleniu. N atom iast daw ka 10.000 rtg. podana w  stadium  diapauzu- 
jącego jaja ham uje całkow icie w y lęg  gąsienic, a daw ki 5000 i 2500 rtg. w  tym  
okresie opóźniając w ylęg  obniżają go odpow iednio do 10 i 50°/o populacji. Zatem  
szczególna w rażliw ość ha prom ieniow anie stadiów : m etam orfozy i jaj u L epi- 
doptera w ystęp u je  rów nież w ów czas, gdy na dany okres przypada drastyczne 
obniżenie m etabolizm u w yw ołane diapauzą.

R eceived  2 May 1963.
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The discovery of the light-sensitive corrin derivatives and the demon- 
stration o f their role as coenzym es [1, 12, 2] posed the problem of their 
Chemical structure, of the synthesis of these compounds as w ell as of 
their analogues, and of the effect of the analogues on enzym ie reactions. 
The Chemical structure of coenzym e B12 was elucidated by Lenhert 
& Hodgkin [9] who have shown that it contains the 5/-deoxyadenosine  
group directly attached to cobalt in place of the cyanide group in cyano- 
cobalamin. The ѵаіепсу of cobalt in the coenzym e m olecule was w idely  
discussed (for review  see [3]); several data indicated a bivalent cobalt, 
however, the recent data based on the rentgenographic (cit. after [4]) 
and electron paramagnetic resonance m easurem ents [8] as w ell as some 
Chemical features have shown that the trivalent cobalt is present in the 
coenzym e. The conclusions o f the analytical studies on the structure of 
coenzym e B i2 have largely been supported by the Chemical synthesis  
of this compound [4, 18,10] and of several analogues containing the 
Co— С bond. In all these syntheses advantage was*taken o f the nucleo- 
philic character of the cobalt present in the reduced form of the corrin. 
The syntheses w ere based on the cryptoionic replacem ent of the proton  
in the corrin hydride for an alkyl, or 5'-deoxynucleoside residue derived  
from the alkyl halides or from 2',3'-isopropylidene-5'-toluenesulphonyl- 
nucleosides, respectiyely. Sm ith et al. [18, 17] showed that the aliphatic 
and 5'-deoxynucleoside analogues were pow erful inhibitors of the 
enzym ie conversion o f d i-l,2-ol(s) into deoxyaldehyde(s) in the A beles 
reaction [1]. It was shown in our laboratory that the alkyl analogues 
of cobinamide coenzym e are also inhibitors of the conversion of glycerol 
into /S-hydn^ypropionic aldehyde [14]. In the present study a number 
of new  aliphatic analogues of cobinamide coenzym e (Co-alkylcobinam ides) 
were prepared and their Chemical structure is descjibed.

[387]
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EXPERIMENTAL

Materials.  The coenzym e B i2 and the cobinamide coenzym e were  
isolated from P. shermanii  cells [20]. The coenzym e form of abcdeg-  
-hexam idecobyrinic acid was isolated from Nocardia rugosa cells [9a]. 
The cyanocobalamin and cobinamide cyanide were obtained by the 
cleavage of the coenzym es in the presence of KCN. After desalting by 
phenol extraction they w ere purified by paper chromatography using 
the m ixture of n-butanol - propan-2-ol - acetic acid - water (100:70:1:97, 
by vol.) as a solvent system  in the presence of HCN in the chamber. 
The 3,5,6-trim ethylbenzim idazolylcobam ide cyanide was obtained by 
m ethylation of vitam in B 12 dicyanide [6].

The enzym e extract was prepared from the cells of Aerobacter  
aerogenes  no. 572; from the crude extract the corrinoids were removed  
by adsorption on active charcoal and nucleic acids by precipitation with  
streptom ycin sulphate, then the extract was dialysed against distilled  
w ater for 12 hr. at 0 - 4 °  [21].

The m ethyl, ethyl, n-propyl, n-butyl iodides, ethyl chloroformate, 
and inorganic reagents w ere commercial products (Fabryka Odczynników  
Chemicznych, Gliwice, Poland). n-A m yl chloride and isobutyl chloride 
were prepared from appropriate alcohols by'esterification  w ith hydrogen  
chloride [19]. n-O ctyl bromide and n-decyl bromide were obtained by 
the action of РВгз on the respective alcohols [19].

Methods.  The corrin compounds were determined in their dicyanide 
form s by m easuring the extinction at 580 т ц . The estim ations were 
performed on the Unicam SP-700 or H ilger H-700 spectrophotom eter 
in silica cells (length 10 mm.). /fl-Hydroxypropionic aldehyde was esti- 
m ated by the method of Sm iley & Sobolov [16] using the Spectronic 20, 
Bausch & Lomb, photocolorimeter. The electrophoretic separations were 
performed on W hatman no. 3 paper at 15v/cm . in 0.5 м-acetic acid, 
pH 2.7, or at 4 - 6 v/cm . in 0.05 м-phosphate buffer, pH 6.5. For purifica­
tion and identification of the compounds the descending chromatography 
on Whatman no. 3 paper was em ployed, the m ixture of n-butanol - 
- propan-2-ol - water (100:70:100, by vol.) being used as a solvent system .

Abbreviat ion used.  5,6-DM BIA-cobamide, 5,6-dim ethylbenzim idazolyl- 
cobamide.

Preparat ion of corrin der ivat ives

A li steps of the procedurę w ere performed in dispersed red light or 
in a com pletely dark room.

Cobinamide hydride.  Cobinamide cyanide, 10 mg., was dissolved in 
3 ml. of 10% aąueous solution of ammonium chloride, and 100 mg. of 
zinc fillings and 1 mg. of magnesium powder were added. Gaseous nitro-
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gen was passed through the solution to гетоѵ е the oxygen, then the 
reaction vessel was shaken for about 5 - 1 0  min. In the course o f the 
reduction of cobinamide the red colour of the solution was gradually  
changing into cherry-red, brown and finally  grey-green (as seen in the 
daylight). The grey-green hydride w as used for subseąuent syntheses  
w ithout rem oving the excess of zinc. The same method can be em ployed  
for the reduction o f cyanocobalamin; a grey-green cobamide hydride is 
thus obtained.

Co-alkyl  analogues of cobinamide coenzyme.  The solution of cobi­
namide hydride was treated in the absence of air oxygen w ith  the 
appropriate alkyl halides or w ith  their Solutions in m ethanol (Table 1). 
On dropwise addition o f the alkylating agent, the colour of the m ixture  
rapidly changed into deep yellow . The sample was then shaken for 
1 - 1 0  min. and after addition of 20 ml. of water the m ixture was filtered  
to гето ѵ е the unreacted zinc. The filtrate was desalted by phenol 
extraction. To the phenol phase 5 yolum es of acetone and one of ether 
were added, and a Co-alkyl derivative was reextracted w ith  water. 
The w ater solution was concentrated in ѵасио оѵег solid КОН. Crude 
preparations contained as im purities cobinamide cyanide and traces of 
a yellow  unidentified compound. The im purities w ere removed by paper 
chrom atography. The elution o f the C o-alkyl derivative from the strip  
of paper was performed with w ater or m ethanol or w ith the propan- 
-2-o l -  w ater m ixture according to the method of Paw ełkiew icz & W a­
lerych [13]. The volatile solvents were removed in ѵасио and w ater in  
a vacuum  desiccator over solid KOH.

T a b l e  1

Preparat ion of Co-alkyl  derivat ives  of cobinamide  
For the syn th esis , cobinam ide hydride obtained from  10 mg. of cobinam ide w as used.

Reagent added 
(ml.)

Cobinamide
derivatives
obtained

Time of 
the reaction 

(min.)

Yield
(%)

Methyl iodide or dimethyl sulphate, 0.05 Co-methyl- 1 90
Ethyl iodide, 0.05 Co-ethyl- 1 90
«-Propyl iodide, 0.05 Co-«-propyl- 1 90
«-Butyl iodide, 0.05 Co-«-butyl- 1 90
Isobutyl chloride, 0.05 Co-isobutyl- 5 90
10% methanolic solution of и-amyl chloride,

0.25 Co-«-amyl- 10 85
10% methanolic solution of и-octyl bromide,

0.25 Co-«-octyl- 10 80
10% methanolic solution of «-decyl bromide,

0.25 Co-«-decyl- 10 80
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The same method was em ployed for obtaining Co-alkyl derivatives  
of 5,6-DM BIA-cobamide.

Co-carbetoxycobinamide.  The cobinamide hydride w as prepared from  
10 mg. of cobinamide cyanide and then treated w ith 0.05 ml. of ethyl 
chloroform ate in the absence of oxygen. The hydride reacted im m edia- 
tely  and a yellow  Co-carbetoxy derivative was formed. A fter shaking  
for 1 min., w ater was added, the m ixture was filtered, and the product 
purified as described above, the yield  being over 95°/o.

Co-methyl-3 ,5,6-tr imethylbenzimidazoly lcobamide . The 3,5,6-trim ethyl- 
benzim idazolylcobam ide cyanide, 5 mg., w as dissolved in 1.5 ml. of 10°/o 
aąueous ammonium chloride, and 100 mg. of zinc fillings and about 
1 mg. of m agnesium powder w ere added. The oxygen  was rem oved by 
passing gaseous nitrogen, and the m ixture was shaken for 5 - 1 0  min. 
A grey-green 3,5,6-trim ethylbenzim idazolylcobam ide hydride formed w as 
treated w ith 0.05 ml. of dim ethyl sulphate. After 1 min. shaking, about 
10 ml. of water w as added, the m ixture was filtered and the solution  
was extracted w ith  the chloroform - phenol (1:1, v/v) m ixture. Then  
1 0 vol. of trichloroethylen and 1 vol. of ether were added and the ye llow  
derivative was reextracted from the phenol phase w ith water. The 
w ater solution was concentrated in ѵасио оѵег solid КОН. The product 
w as freed from im purities by paper electrophoresis at pH 2.7. The 
derivative obtained moved slightly slower than the C o-m ethyl- 
cobinamide. The yield  of the product was 80%.

The format ion oj  Co-methylcobinamide by  Chemical degradation oj 
Co-methyl-5 ,6-DMBIA-cobamide.  (1) By using perchloric acid: 1 mg. 
of Co-m ethyl-5,6-DM BIA-cobam ide was dissolved in 10 ml. of 65% per­
chloric acid and the m ixture left at room temp. in com plete darkness 
for 3 hr. The solution was then neutralized and desalted by phenol 
extraction. The water solution was concentrated in ѵасио оѵег solid КОН. 
The Co-m ethylcobinam ide obtained did not contain the hydroxy(aquo) 
B12. The product was purified by paper electrophoresis. It w as found  
that perchloric acid caused an almost com plete splitting o ff o f the 
nucleotide from the Co-m ethyl-5,6-DM BIA-cobam ide. (2) Degradation by  
cerous hydroxide: Co-m ethyl-5,6-DM BIA-cobam ide, about 4 mg., d issol- 
ved in 4 ml. of w ater was treated w ith 3.2 ml. of 0.333 M-aqueous solu­
tion o f Се(К0з)з.6Н20 , follow ed by 2.7 ml. o f 1 N-NaOH. Nitrogen has 
been passed through the suspension during 30 min. and the sample was 
subsequently heated at 95° on a water bath for 30 min. Then the sample 
was cooled, m ixed w ith 50 ml. of w ater and centrifuged to гетоѵ е the 
suspended cerous hydroxide. The supernatant was purified by phenol 
extraction. The w ater solution was concentrated in ѵасио оѵег solid  
КОН. For the separation of the obtained Co-m ethylcobinam ide from the 
unreacted Co-m ethyl-5,6-DM BIA-cobam ide, paper electrophoresis at 
pH 2.7 and paper chromatography were used. Under the conditions
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em ployed on ly  about 30% of Co-m ethyl-5,6-DM BIA-cobam ide was trans- 
formed into Co-m ethylcobinam ide.

A t te m p t  at methylat ion of Co-m.ethyl -5,6-DMBIA-cobamide.  The 
compound, 1 mg., was dissolved in 5 ml. of water, 2 g. of sodium  
bicarbonate was added follow ed by the dropwise addition of 0.2 ml. o f 
dim ethyl sulphate during 2 hr. w ith continuous stirring. The tem peraturę  
of the sam ple was kept w ithin  1 9 -2 1 ° . The solution was then acidified  
w ith acetic acid, desalted by phenol extraction, and the water solution  
was concentrated in ѵасио.  The reaction products were identified by  
paper electrophoresis at pH 2.7, and by chromatography. The main  
compound obtained was the unreacted Co-m ethyl-5,6-DM BIA-cobam ide, 
and no Co-m ethyl-3,5,6-trim ethylbenzim idazolylcobam ide w as found.

Physico-Chemical and coenzymic propert ies of the syn thet ized
derivat ives

The obtained Co-alkylcobinam ides and the Co-carbetoxycobinam ide 
are light-sensitive; they are not affected by acids, alkali and cyanide on  
short exposure, except the Co-carbetoxycobinamide. In aąueous Solutions 
they are yellow , and in solid state they are deep-yellow  substances. 
They can be separated by paper chromatography w ith  the m ixture o f  
n-butanol - propan-2-ol - water (100:70:100, by vol.). Their rates o f  
m ovem ent relative to that of coenzym e B 12 are shown in Table 2.

T a b l e  2

Relat ive mobi l i ty  values  of Co-aliphatic derivat ives  of cobinamide
Conditions: D escending paper chrom atography on W hatm an no. 3 paper; so lven t: 
n-butanol - propan-2-ol - w ater (100:70:100, by vol.). M obility of the respective an a lo - 

gues is expressed  in relation to that for coenzym e B j2.

Compound Rcoenzyme В ,г

Coenzyme B12 1 .00

Co-methylcobinamide 1.70
Co-ethylcobinamide 1.78
Со-и-propylcobinamide 1.82
Со-и-butylcobinamide 1.92
Co-isobutylcobinamide 1.80
Co-w-amylcobinamide 1.95
Co-H-octylcobinamide 2.12
Со-л-decylcobinamide 2.15
Co-carbetoxycobinamide 1.91

On paper electrophoresis, the analogues of cobinamide coenzym e  
possess a positive charge at pH 2.7 and m ove sim ilarly as cobinam ide 
cyanide or coenzym e B i2. The Co-n-octyl and C o-n-decyl analogues 
move sligh tly  slow er than Co-m ethylcobinam ide. At pH 6.5 the cobina-
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Fig. 2.

Fig. 3. Absorption spectra of C o-alkyl derivatives of cobinam ide and C o-carbetoxy-
oobinam ide, (------ ), in 0.01 n -HCI solution; (--------- ), in 0.01 м -KCN. (1), C o-m ethyl-
cobinam ide; (2), C o-ethylcobinam lde; (3), C o-n-propylcobinam ide; (4), C o-n -b uty l-  

cobinam ide; (5), C o-n-am ylcobinam ide; (6), C o-carbetoxycobinam ide.

Fig. 1 F ig. 2

Fig. 1. A bsorption spectrum  of cobinam ide hydride in 5% NH4C1. 
A bsorption spectrum  of C o-m ethyl-3,5 ,6-trim ethylcobam ide in aąueous

solution.
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mide derivatives still possess a positive charge w hile cobamide deriva- 
tives are neutral. By means of paper electrophoresis at pH 2.7 the 
Co-alkyl-DM BIA-cobam ides can be separated from Co-alkylcobinam ides. 
Co-ethyl-5,6-DM BIA-cobam ide m oves slightly faster at pH 2.7 than the 
other Co-alkyl-5,6-DM BIA-cobam ides, w hile Co-ethylcobinam ide has 
the same electrophoretic m obility at pH 2.7 as the other C o-alkyl­
cobinamides.

T a b l e  3

Photolysis of Co-aliphatic der ivat ives  of cobinamide and of other l ight-
-sensit ive corrins

A ąueous Solutions of the derivatives (38.2 рм-concn.) w ere irradiated in silica celi 
(length 10 mm.) w ith  60 w att tungsten  lam p from  a distance of 25 cm. The increase  
in extinction  at 348 т ц  w as determ ined (max. for hydroxy(aquo)cobinam ide). For 
com plete degradation the sam ples w ere exposed to direct sunlight for 60 min.

Compound
Degradation (%)

after 2 min. after 4 min.

Co-methylcobinamide 17.7 30.0
Co-ethylcobinamide 26.8 44.9
Co-n-propylcobinamide 22.6 33.0
Со-я-butylcobinamide 21.0 34.6
Co-isobutylcobinamide 22.3 37.0
Co-rt-octylcobinamide 11.4 22.5
Со-и-decylcobinamide 11.2 22.0
Co-methyl-5,6-DMBlA-cobamide 18.4 37.7
Co-ethyl-5,6-DMBIA-cobamide 36.1 63.7
Co-«-bUtyl-5,6-DMBIA-cobamide 17.9 41.0
Co-isobutyl-5,6-DMBIA-cobamide 33.0 59.5
Co-carbetoxycobinamide 0.0 0.0
Cobinamide coenzyme 1.47 6.6
Coenzyme form of abcdeg-hexamide- 
cobyrinic acid 2.0 5.0

Absorpt ion spectra.  The spectrum of cobinamide hydride in ammonium  
chloride solution exhibits a w ide absorption band in the region of 
290 т ц , a т а х і т и т  at 390 mp and a less distinct band at 460 mp (Fig. 1). 
The Co-alkyl derivatives of cobinamide show striking sim ilarities in 
their spectra (Fig. 2 ,3). The т а х іт а  are at 260, 310 and 460 mp. The 
spectra do not undergo changes in acid, neutral and alkaline media, 
except a slight increase of absorption in the region of 240 - 255 mp in 
alkali. The addition of cyanide causes a partial loss of absorption at 310 
and 460 mp and the appearance of absorption bands at 367 and 580 mp. 
The spectra o f the Co-alkyl analogues containing longer hydrocarbon  
chains (n-amyl, n-octyl, and n-decyl) were not considerably changed  
upon the addition of cyanide. Because of high light-sensitiv ity  o f the 
Co-alkylcobinam ide cyanide, the assays of the spectrum were performed

17J
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in the Unicam SP-700 spectrophotom eter eąuipped w ith an automatic 
recorder, the tim e of recording being about 15 min. The concentration  
of the compounds in the sample was 2.4 X 10- 5 m.

The effect  of cyanide.  Со-alkyl analogues of cobinamide w ere kept 
in 0.01 м-aąueous solution of KCN in a com pletely dark room for several 
hours, then acidified and purified by phenol extraction. On chrom ato- 
graphy they did not exhibit any changes follow ing the KCN treatm ent, 
w hile the Co-carbetoxycobinamide was rapidly cleayed in aqueous solu­
tion o f KCN, w ith the formation of cobinamide dicyanide.

The effect  of light. The obtained compounds in aqueous Solutions 
were cleayed in the presence of oxygen  w hen exposed to light, w ith the 
formation of appropriate hydroxy(aquo)corrinoids. The light-sensitiv ity  
of different analogues is shown in Table 3. The cleavage o f Co-carbeto- 
xycobinam ide w as obseryed only after prolonged exposure to direct 
sunlight.

T a b l e  4

Effect of the synthet ized  analogues of cobinamide coenzyme on enzymie
act iuity

For the estim ations 500 pg. of enzym e preparation, 0.05 m pm ole of coenzym e B12, 
a know n am ount of the compound tested, 45 pm oles of glycerol and 0.2 ml. o f
0.2 м -potassium  phosphate buffer, pH 8.0, w ere used. F inał volum e: 1.0 ml.; incubation  
tim e: 10 min. at 37°. The /?-hydroxypropionic aldehyde form ed w as determ ined  
according to Sm iley & Soboloy [16]. The sam ple w as added w ith  0.5 ml. of trypto- 
phane solution (300 mg. in 100 ml. of O.lN-HCl) fo llow ed by 3 ml. of conc. HC1. 
Then the sam ple w as heated on a w ater bath at 60° for 5 min. and the extinction  
at 555 mp w as m easured. The am ount of aldehyde form ed w as calculated  from  

a standard curve m ade for acrolein.

The inhibition index (I5o) denotes the concentration of the inhibitor relatiye to the  
concn. of coenzym e B i2, causing 50% inhibition of aldehyde form ation.

Compound /50

Co-methylcobinamide 77
Co-ethylcobinamide 64
Co-n-propylcobinamide 150
Co-w-butylcobinamide 16
Co-isobutylcobinamide 70
Co-n-amylcobinamide 15
Co-H-octylcobinamide 18
Со-и-decylcobinamide 12
Co-carbetoxycobinamide 250
Co-methyl-5,6-DMBIA-cobamide less than 1
Co-ethyl-5,6-DMBIA-cobamide less than 1
Co-//-butyl-5,6-DMBIA-cobamide less than 1
Coenzyme form of aZ>ofe?-hexamidecobyrinic acid [9a] without effect

B. ZAGALAK
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Effect on enzymie  act ivi ty.  The enzym ie reaction of conversion of 
glycerol into /?-hydroxypropionic aldehyde dependent on the coenzym e 
B12, was used as a test. None of the analogues tested exhibited the 
actiyity of the coenzym e B12, on the contrary, they proved to be power- 
ful inhibitors of this reaction (Table 4).

DISCUSSION

The results of the present experim ents show that cobinamide readily  
forms organo-m etallic derivatives possessing a characteristic Co— С bond, 
sim ilarly as it was demonstrated for the 5,6-DM BIA-cobamide [4, 18, 17, 
10]. The starting m ateriał for these syntheses was the cobinamide 
hydride obtained by the reduction of cobinamide cyanide. A slight 
addition of m agnesium  to the m ixture containing zinc and ammonium  
chloride considerably enhanced the rate of reduction which was then

Fig. 4. Form ation of cobinam ide hydride. (I), Cobinam ide cyanide; {11), cobinam ide 
hydride; (A), acetam ide residues; (P), propionam ide residues; (ip), isopropanolam ine

residue.

com pleted in a few  m inutes. No form ation of by-products in the presence 
of m agnesium  was observed. The reduction by sodium borohydride in 
0.1 M-versenate buffer at pH 9.5 as recommended by Sm ith et al. [18] 
gave rise to formation of some unidentified by-products.

For the formation of cobinamide hydride the reaction shown in Fig. 4 
m ay be suggested. The spectrum of cobinamide hydride is very similar 
to that of the hydride of 5,6-DM BIA-cobamide reported by Schindler  
[15] and described also by M uller & M uller [10].

In the present experim ents a number of aliphatic analogues of 
cobinam ide coenzym e w ere obtained. In our syntheses adyantage was 
taken o f the observations of Bernhauer et al. [4] and Sm ith et al. [18] 
who pointed out the possibility of synthetizing Co-analogues of yitam in  
B 12. The German authors who had synthetized a number of Co-aliphatic 
analogues of 5,6-DM BIA-cobam ide [4, 10] and the Co-m ethyl and Co-
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-n -butyl cobinamides [10 , 11] assumed that the alkyl residue is attached  
at the same position as 5'-deoxyadenosine in the natural coenzym e B 12. 
However, no experim ental evidence was given to support this suggestion.

Theoretically a possibility exists o f formation from 5,6-DM BIA- 
-cobamide, and especially from cobinamide, o f two stereoisom eric forms 
of each of these derivatives, as shown in Fig. 5 for cobinamide. In the

Fig. 5. The possible stereoisom ers of C o-alkyl substituted cobinam ide. (I), Co­
binam ide coenzym e; (II), C o-m ethylcobinam ide; (III), iso-C o-m ethylcobinam ide; 
(A), acetam ide residues; (P), propionam ide residues; (ip), isopropanolam ine residue; 

(dAdo), 5'-deoxyadenosine residue.

course of synthesis, however, only one isomer was formed. In the present 
experim ents numerous syntheses of Co-m ethylcobinam ide by the reduc- 
tion of cobinamide w ere performed, at d ifferent pH values and w ith  
various reducing agents, but two isomers were пеѵег obtained. The 
spacial arrangement of the m ethyl residue on cobalt in Co-m ethyl­
cobinamide is unknown. The attem pts to elucidate this problem w ere  
based on two previous observations of Bernhauer and co-workers: first, 
of the possibility of Chemical degradation of 5,6-DM BIA-cobamide to 
cobinamide [6, 7] and of coenzym e B12 to cobinamide coenzym e [5], and 
secondly, on the specific m ethylation of N(3) of the benzimidazole m oiety  
of 5,6-DM BIA-cobamide [6]. The m ethylation occurs only when the 
Co— N(3) co-ordinate bond is split as it is in the dicyanide form. On the  
basis of these facts it was assumed that if a substituent, e.g. an alkyl 
group, is on the same side as 5'-deoxyadenosine in the natural coenzyme 
Bi2, no m ethylation should occur at the N (3) of benzimidazole by di- 
m ethyl sulphate at pH 8.4; and in fact it was found that at this pH 
Co-m ethyl-5,6-DM BIA-cobam ide is not m ethylated by dim ethyl sulphate. 
This suggested that a m ethyl group attached to cobalt occupies the posi­
tion o f 5'-deoxyadenosine residue in the coenzym e B i2. K nowing the struc­
ture of Co-m ethyl-5,6-DM BIA-cobam ide it was possible by means of 
Chemical degradation to establish the structures of Co-alkyl derivatives. 
The hydrolytic splitting off of the benzim idazole nucleotide by perchloric
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acid or cerous hydroxide gave Co-m ethylcobinam ide identical w ith  that 
synthetized from cobinamide hydride. This indicates that the aliphatic 
substituents on cobalt in Co-alkylcobinam ide and in the C o-alkyl-5 ,6- 
-DM BIA-cobam ide analogues are attached on the same side of the 
m olecule.

It is interesting that w hile the natural coenzym es in the presence 
of KCN undergo degradation w ith the form ation of dicyanides, the Co- 
-a lkyl derivatives of cobinamide form cyanides. The existence of 
cyanides o f C o-alkyl derivatives o f cobinamide is suggested by the 
spectral analyses. The absorption spectra o f the aquo-Co-alkylcobinam ide 
derivatives are almost identical in acid, neutral and alkaline Solutions, 
the addition of cyanide to alkaline solution causes, however, d istinct 
changes in the spectrum, especially for the analogues containing shorter 
alkyl chains. The form ation of cyanide of Co-alkyl derivatives of 
cobinamide was demonstrated in О.ОІм-KCN solution and in 0.01 м-ѵег- 
senate -  0.01 м-KCN buffer, pH 9.5. On acidification of these Solutions, 
the starting compounds could be recovered; this indicates the reyersi- 
bility of the reaction. The addition o f cyanide to the Solutions o f n-am yl, 
n-octyl and n-decyl derivatives did not cause changes in their spectra. 
This, howeyer, is no proof that the long chain derivatives do not form  
cyanides.

The studies on the enzym ie conyersion of glycerol into /?-hydroxy- 
propionic aldehyde showed that all the analogues obtained are pow erful 
com petitiye antagonists o f coenzym e B12. Further studies are in progress 
and w ill be reported separately. R ecently, Smith & Мегѵуп [17] also 
demonstrated that m ethyl and ethyl analogues of coenzym e Bj2, and 
even cyanocobalamin, are inhiibitors in the A beles reaction.

The author w ishes to thank Professor Dr. J. Paw ełkiew icz fo r  
yaluable suggestions and advice during the course of this work.

SUMMARY

The Chemical synthesis and some physico-chem ical and enzym ie  
properties of Co-alkyl derivatives of cobinamide and of C o-carbetoxy- 
cobinamide w ere described. The syntheses w ere based on the reduction  
of cobinamide in aąueous ammonium chloride solution w ith zinc and 
m agnesium, to form cobinamide hydride, and on subseąuent coupling. 
with alkyl halides or w ith  ethyl chloroformate. It was shown that the  
alkyl residue is attached to cobalt on the same side of the m olecule as 
the 5'-deoxyadenosine residue of the natural coenzyme. The obtained  
Co-alkyl analogues are com petitiye antagonists of coenzym e B12.
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CHEMICZNA SYNTEZA ALIFATYCZNYCH ANALOGÓW  KOENZYMU  
KOBINAM IDOW EGO I ICH AKTYW NOŚĆ ENZYMATYCZNA

S t r e s z c z e n i e
S yntetyzow ano i  opisano niektóre w łasności fizyko-chem iczne i enzym atyczne  

C o-alk ilo-pocnodnych kobinam idu oraz C o-karbetoksy-kobinam idu. Ich synteza  
polegała  na redukcji kobinam idu do w odorku kobinam idu przy pom ocy cynku  
i m agnezu w  środow isku w odnego roztw oru chlorku amonu, a następnie na sprzę­
ganiu z halogenoalkilam i lub chlorow ęglanem  etylu. W ykazano, że reszta a lk ilow a  
przyłącza się do atom u kobaltu z tej sam ej strony co reszta 5'-dezoksyadenozyny  
w  naturalnym  koenzym ie kobinam idow ym . Otrzym ane analogi C o-alk ilow e są 
k om petytyw nym i antagonistam i koenzym u B i2.

R eceiyed 17 M ay 1963.
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INTRACELLULAR LOCALIZATION OF PHOSPHODIESTERASE 
BY A CYTOCHEMICAL METHOD

Ins ti tu te  of B iochem istry  and Biophysics, Polish A ca dem y  of Sciences, and Dept.  
of B iochem istry ,  S ta te  Institu te  of Hygiene, W arszaw a

What little is known about the intracellular localization of enzym es 
attacking nucleic acids has been obtained largely by cellular fractiona- 
tion techniąues. It is perhaps superfluous to insist on the importance 
of obtaining comparable data by means of standard histo- and cyto- 
chem ical procedures. Several attempts in this direction have already  
been made [2, 1, 3, 20, 18] and the d ifficulties remaining to be resolved  
discussed in some detail in previous publications [14, 15]. It is important 
to note that these apply likewise to celi fractionation techniąues.

One of these is the ąuestion of enzym e specificity. The use o f natural 
nucleic acids as substrates for estim ation of enzym e activities is war- 
ranted only if one recognizes that these are acted upon not on ly  by 
RNases and DNases, but also by a variety of PDases i . This was what 
prompted us to em ploy pyrim idine nucleoside 2/:3'-cyclic phosphates as 
substrates for the cytochem ical localization of RNase [14] and various 
oligo- and polynucleotide substrates for distinguishing roughly betw een  
different nuclease enzym es by means o f the film -substrate techniąue  
[15] proposed by Daoust [2, 3].

More serious was the finding that RNase and DNase enzym es 
exhibited a pronounced tendency to diffuse from fixed tissue sections 
during incubation, thus seriously lim iting the degree and valid ity of the 
localization attainable with normal cytochem ical procedures [5, 14]. 
It is, o f course, obyious that the existence of such diffusion of these

* This w ork is taken, in part, from  a thesis subm itted by H. Sierakow ska  
to the Polish  A cadem y of Sciences in partial fu lfillm ent of the reąuirem ents for 
the Ph. D. degree.

1 The fo llow ing  abbreviations w ill be used in this text: Tp, th ym id in e-3 '-p hos-  
phate; pT, thym id ine-5'-phosphate; Tp-naphthyl, a-naphthyl th ym id ine-3 '-phos-  
phate; naphthyl-pT , a -n ap hth yl thym idine-5'-phosphate; RNase, ribonuclease; 
D N ase I and II, deoxyribonucleases I and II; PDase I and PD ase II, phospho- 
diesterases active against naphthyl-pT  and T p-naphthyl, respectively , according  
to the designation of R azzell [10]; Fast Red TR, 5-chloro-o-tolu id ine; Fast Garnet 
GBC, ‘l-am in o-S rF -d im eth y l azobenzene.

6 [399]
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400 H. SIERAKOW SKA, Н. SZEMPLIŃSKA and  D. SHUGAR [2]

enzym es from tissues w ill eąually  affect the results obtained by celi 
fractionation procedures.

Both o f the foregoing d ifficu lties appear to be absent from a method  
which w e have now  developed for the cytochem ical localization o f  
PDase I. The starting point in the present investigation was the dem on- 
stration by Razzell [10] that p-nitrophenyl thym idine-5'-phosphate and 
p-nitrophenyl thym idine-3'-phosphate are hydrolysed specifically by  
kidney and spleen phosphodiesterases, PDase I and PDase II respecti- 
vely. This suggested the possibility o f utilizing similar substrates w ith  
substitution o f the p-nitrophenol residues by a-naphthol; the enzym i- 
cally liberated naphthol could then be coupled w ith suitable diazotates, 
according to standard cytochem ical procedures [9], to form an insoluble  
dye at the sites of enzym e activity (scheme 1).

5 - Chicro-o- Red insoluble dye
toluidine

Schem e 1

Follow ing synthesis of the necessary substrates, naphthyl-pT and Tp- 
-naphthyl, it was found that w hile the former was, in fact, rapidly  
hydrolysed by PDase I, the latter was com pletely resistant to PDase II 
(see below). Like the substrates studied by Razzell, both were resistant 
to endonucleases [16]. Further investigation demonstrated that PD ase I 
exhibited no detectable diffusion from fixed  tissue sections. The 
necessary conditions therefore appeared to be fu lfilled  for the deyelop- 
ment o f a cytochem ical procedurę for localization of PDase I activity  
in yarious tissues. This, in turn, should also ргоѵе useful as a blank  
to be taken into account in conneetion w ith localization of depolym erases 
by means o f incubation of high m olecular w eight substrates which are 
slow ly hydrolysed, amongst others, also by PD ase I.
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Notw ithstanding that Tp-naphthyl proved inactive against PDase II, 
the synthesis of this compound is also described in the follow ing, sińce  
it may be found subsequently to be susceptible to some other tissue  
PDase.

A ttention should also be drawn to the fact that sińce the hydrolysis 
of naphthyl-pT in the presence of a diazonium salt results in im m ediate 
colour formation, this substrate should also ргоѵе extrem ely usefu l in  
investigations on the actiyity of yarious cellular fractions by ordinary  
colorimetry. Prelim inary trials in this laboratory have show n that th is  
is indeed so and the potentialities of this technique are being investigated.

MATERIALS

Thym idine was a com mercial preparation (Fluke) which was chro- 
m atographically and spectrally homogeneous. Fast Red TR and Fast 
Garnet GBC salt w ere George Gurr, London, products. The dinucleoside  
monophosphate TpT was kindly made available by Dr. A. M. M ichelson.

Snake venom (Crotalus adamanteus ) was a gift of Dr. H. Fraenkel- 
-Conrat. RNase, DNase I and DNase II were standard W orthington  
preparations. Prostatic phosphomonoesterase [8] w as a gift o f 
Dr. W. Ostrowski, Departm ent of Physiological Chem istry, Medical 
School, Kraków. A lternatively  the same enzym e, prepared in this 
laboratory according to Loring et dl. [6] was em ployed. Both enzym e  
preparations were inactive towards Tp-naphthyl and naphthyl-pT.

Preparat ion of substrates

The follow ing two solvent system s w ere em ployed for ascending  
paper chromatography w ith W hatman paper no. 1, unless otherw ise  
indicated: A, water-saturated butanol; B, saturated (NH4)2S04  - isopropa- 
nol - 1 м-sodium  acetate (80:2:18, by vol.).

5'-Tri ty l thymidine.  Prepared according to the procedurę o f W eimann  
& Khorana [19] and isolated from the reaction m ixture by the procedurę 
of M ichelson & Todd [7].

З'-Ace ty l thymidine.  This was prepared by acetylation of 5 '-tr ity lthy-  
midine, follow ed by rem oyal of the trityl group, according to M ichelson  
& Todd [7].

a-Naphthylphosphoryl  dichloride.  Obtained essentially according to the  
procedurę o f Friedman & Seligm an [4].

a-Naphthyl  thy m id in e -3'-phosphate  (Tp -nap hthyl ). This was syn - 
thesized by m eans o f a m odification of the procedurę of Turner 
& Khorana [17] for p-nitrophenyl thym idine-3'-phosphate. 7.84 m -m oles 
of dry pyridine in 5 ml. anhydrous dioxane was added dropwise to

[3J_
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a m agnetically stirred solution of 1 .98m -m oles 5'-tritylthym idine and 
3.92 m -m oles a-naphthylphosphoryl dichloride in 5 ml. anhydrous dio- 
xane at room temperaturę. When the addition was com plete (about 1 hr.), 
stirring was continued with maintenance of anhydrous conditions for 
additional 2 hr., follow ing which 7.84 m -m oles pyridine in 3 ml. w ater  
was added w ith stirring. Chromatography in solvent A  exhibited a new  
product w ith R/r =  0.26, naphthylphosphate (Rf =  0.46) and pyridine  
hydrochloride (R/r =  0.17); and the com plete absence of 5 '-tritylthym idine  
(R/r =  0.9). The reaction m ixture was eyaporated under reduced pres- 
sure and the residue taken up in chloroform. Insoluble m ateriał 
was removed by decantation. The chloroform solution was then  
extracted with one-fifth  its yolum e of water, again w ith on e-fifth  its 
volum e of 1 м-pyridine hydrochloride solution of pH 5.5, and finally  
taken to dryness under reduced pressure. The resulting gum was 
dissolved in 25 ml. 80% acetic acid and heated under reflux on a w ater  
bath for 20 min. The solution was taken to dryness under reduced  
pressure, and the residue suspended in 15 ml. water and left for 18 hr. 
at 4°. The crystalline precipitate of triphenylcarbinol was filtered off, 
the aąueous solution brought to dryness under reduced pressure, and 
the residue dissolved in water and taken to dryness once more. The 
product w as redissolved in water and passed through a colum n of 
D ow ex 50(H+). Chromatography in solvent A now exhibited the detri- 
tylated product (Rf —  0.36) and a tracę of thym idine (R/r =  0.52). The 
product was, howeyer, still contaminated w ith chrom atographically  
undetectable naphthylphosphate which could not be remoyed on  
a D ow ex 1 (Cl~) column without serious losses o f Tp-naphthyl. The 
contam inating naphthylphosphate was therefore removed by one of two 
procedures: (a) enzym ically, and (b) by paper chrom atography .2

(a) Enzymie  гетоѵаі of naphthylphosphate.  The solution was con- 
centrated to about 40 mg./ml., neutralized w ith 1 м-NaOH and acetate 
buffer, pH 5, added to a finał concentration of 0.02 м. Acid phospho- 
m onoesterase, free from diesterase actiyity, was added and the solution  
ineubated at 37°. Fresh enzym e was added at intervals of about 4 hr. 
оѵег a period of a day. During incubation, aliąuots were removed and 
tested for naphthylphosphate content by addition of a smali excess of 
Garnet GBC diazonium salt and centrifuging o ff the dye formed. W hen 
no more naphthol was liberated on further addition of enzym e, the 
total reaction m ixture was extracted w ith about 2 ml. ether, passed 
through a column of D ow ex 50(H+), evaporated to dryness, and the re­
sidue taken up in 2 ml. anhydrous m ethanol. The insoluble enzym ie

2 We have now  found that it is possible to separate thym idine naphthyl 
hydrogen phosphate from naphthylphosphate by elution w ith  dilute hydroehloric 
acid from an ECTEO LA-cellulose column. (Added in proof).

J 4 ]
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protein was filtered off, the m ethanol removed under reduced pressure 
and the residue dissolved in water to a concentration of about 40 m g./m l. 
and brought to pH 7.5 w ith hot saturated barium hydroxide. The barium  
phosphate was centrifuged off, the supernatant concentrated to a sm ali 
volum e and the barium salt of Tp-naphthyl precipitated by addition of 
an excess of cold acetone. The flocculent precipitate was separated from  
the sticky, yellow , oil sedim enting to the bottom of the tube, centrifuged  
down and dissolved in water. Barium was removed w ith D ow ex 50(H+), 
the solution neutralized w ith  lN -N aO H , concentrated to smali volum e  
and the sodium salt of Tp-naphthyl precipitated by addition of an excess  
of cold acetone. Y ield of enzym ically purified product, 193 mg. (23°/o 
theor.).

(b) Chromatographic гетоѵаі of naphthylphosphate.  This m ay be done 
on a sem i-preparative scalę by ascending chromatography on W hatman  
paper no. 3 with solvent B. The slower migrating band (R/r =  0.1) con- 
taining the diester was eluted with slightly acidified methanol, the eluate  
evaporated to dryness under reduced pressure, and the product dis- 
solved in water, passed through a D ow ex 50(H+) column, and taken to 
dryness tw ice under reduced pressure at a temperaturę not exceeding  
30°. The residue w as dissolved in w ater at a concentration of 50 m g./m l. 
and sulphate ions rem oved by neutralization with hot saturated Ba(OH)2. 
Barium sulphate was centrifuged o ff and the barium salt of Tp-naphthyl 
precipitated by addition of an excess of cold acetone. The barium salt 
was dissolved in water, barium removed w ith D ow ex 50(H+), neutralized  
w ith sodium hydroxide and the sodium salt of the product precipitated  
with cold acetone as above.

a-Naphthyl  thy m id in e -5'-phosphate (naphthyl-pT).  This was prepared  
as above according to Turner & Khorana [17] for p-nitrophenyl thym i- 
dine-3'-phosphate, w ith appropriate modifications. The crude product was 
isolated by a modification of the procedurę of M ichelson & Todd [7] for 
3'-acetylthym idine-5'-dibenzylphosphate. 7.84 m -m oles dry pyridine in 
5 ml. anhydrous dioxane was added dropwise to a m agnetically stirred  
solution of 1.98 m -m oles of З'-acetylthym idine and 3.92 m -m oles a-naph- 
thylphosphoryl dichloride in 5 ml. anhydrous dioxane at room tem pe­
raturę. W hen the addition was com plete (1 hr.), the reaction m ixture  
was stirred for additional 2 hr. under anhydrous conditions, follow ing  
which 7.84 m -m oles pyridine in 3 ml. water was added rapidly w ith  
stirring. Chromatography in solvent A  demonstrated the presence o f 
a new  product (R/- =  0.48), pyridine hydrochloride (R/r =  0.17) and traces 
of acetylthym idine (Rf =  0.72). The reaction m ixture was evaporated  
under reduced pressure, the resulting gum dissolved in chloroform, the 
chloroform solution extracted w ith water and then w ith 1 м-pyridine  
hydrochloride solution, pH 5.5, and taken to dryness under reduced  
pressure. The resulting gum m y residue was evaporated tw ice from
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ethanol, dissolved in a smali ąuantity of ethanol, and 60 ml. cold ether  
added to precipitate an oil. The oil was dissolved in acetone, the solution  
filtered  and evaporated under reduced pressure to a glass consisting  
m ainly o f S^acetylthym idine-S^naphthylphosphate. A cetyl protecting  
groups w ere removed by heating the glass in О.ОІм-NaOH on a boiling 
w ater bath for 30 min., alkali being added to maintain a pH of about 
12. The solution was then passed through a Dow ex 50(H+) column, 
taken to dryness twice, and dissolved in water. Paper chrom atography 
in solvent A  showed the presence of the deacetylated product (Rf  =  0.34) 
and traces of thym idine. The product w as still contam inated w ith  naph- 
thylphosphate, which may be removed as described above for Tp-naph- 
thyl. Y ield of enzym ically purified product, 120 mg. (14% theor.).

Substrate specif ici ty

N aphthyl-pT  and Tp-naphthyl were each incubated under appro- 
priate conditions [14, 15] at concentrations of 0.01 м in the presence of 
100 M-g./ml. of yarious enzym es. H ydrolysis products w ere sought for 
by m eans o f paper chromatography w ith  solyent B, and by analysis for 
enzym ically  liberated naphthol w ith the aid of GBC salt (finał concn. 
2 mg./m l.).

Tp-naphthyl was found to be com pletely resistant to RNase, DNase I, 
DNase II and crude snake yenom  (Crotalus adamanteus).

N aphthyl-pT  was com pletely hydrolysed by snake yenom  to give pT, 
thym idine and free naphthol. It was resistant towards the other enzym es.

Tp-naphthyl was found to be resistant to PDase II. It was hydrolysed  
at a very slow  rate by spleen homogenate, but the alkaline pH optimum  
indicated that this was due most likely  to residual PDase I, rather than 
to PD ase II, activity. The presence in spleen hom ogenate o f 'PDase II, 
optim ally active at slightly acid pH, was established by the rapid hydro­
lysis  o f TpT w ith an optimum at pH 5 - 6 . TpT, w hile theoretically a sub­
strate for both PDases, was found by Razzell [10] to be hydrolysed by 
PD ase II at the same rate as TpTp and faster than Tp-nitrophenyl, but 
by PDase I at only 4% of the rate of hydrolysis o f nitrophenyl-pT. If we 
assum e PD ase I activity in the spleen to be approxim ately tw ice that for 
P D ase II [10], TpT should be attacked prim arily by PD ase II. The relati- 
vely  rapid rate of hydrolysis o f TpT by spleen hom ogenate at acid pH, 
as compared to the slow  rate of hydrolysis o f Tp-naphthyl w ith  m axi- 
m um  rate at alkaline pH, was conseąuently regarded as reasonably good 
evidence for the resistance to PDase II of T p-naphthyl.3

3 The resistance of T p-naphthyl tow ards P D ase II has been confirmed  
by Dr. W. E. R azzell (Syntex Institute o f M olecular B iology, Pało A lto, Cal.), 
using his purified enzym e, as w e ll as in our laboratories w ith  a comm ercial 
W orthington PD ase II. (Added in proof).
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The resistance o f Tp-naphthyl to PDase II, contrasted w ith  the rapid  
hydrolysis of naphthyl-pT  by PDase I,4 is not an altogether unexpected  
finding. Razzell [10] reported that PDase I hydrolysed nitrophenyl-pT  
4.7 tim es as rapidly as pTpT, whereas PDase II attacked T p-nitrophenyl 
at only 0.77 tim es the rate for TpTp. Since the substitution of p-nitro­
phenyl for the nucleoside reduces susceptibility towards PDase II, it is 
ąuite сопсеіѵаЫе that substitution of naphthyl for p-nitrophenyl consti- 
tutes an important steric hindrance towards the action of the enzym e. 
The use o f Tp-naphthyl for localization of PDase II activity w as there- 
fore abandoned. N onetheless, sińce this substance m ay yet ргоѵе a sub­
strate for some other phosphodiesterase, its synthesis has been described  
in  detail in this paper.

Cytochemical procedurę

Albino rats were sacrificed under ether anaesthesia and thin  slices 
o f  tissue from various organs fixed  overnight in form ol-calcium  at 4°. 
Sections w ere cut at a thickness of 15 v  on a freezing microtome, m ounted  
on slides and allowed to dry in air for about an hour prior to incubation. 
Storage o f mounted sections in the cold room for periods of 1 to 2 days 
w as found to be w ithout deleterious effect on enzym e activity.

With a v iew  to econom izing substrate, incubations were performed by 
flooding the horizontally placed sections w ith 0.1 ml. incubation m edium , 
as previously described for quantitative cytochem ical studies w ith  isoto- 
pically labelled substrates and trapping agents [12, 13]. A lternatively  
freshly-sectioned free floating sections were transferred to a sm ali test- 
-tube containing 0.1 ml. incubation m edium and w ere mounted follow ing  
incubation. Results w ere identical w ith both system s of incubation, re- 
gardless of w hether the volum e of incubation m edium was 0.05 ml. 
or 0.4 ml.

The incubation m edium  consisted of: naphthyl-pT, 2 m g./m l. and Fast 
Red TR, 4 mg./ml. in 0.1 м-tris-H Cl buffer, pH 9. It is important to add 
the diazonium salt to the medium im m ediately prior to incubation sińce, 
w hen stored in buffer at room temperaturę for 1 hr., it forms a pale 
yellow  precipitate. Precipitation of enzym ically liberated naphthol is 
appreciably hampered in such a medium. The effectiveness of the m edium  
may, in such instances, be restored by addition of diazonium salt. H ow - 
ever, should incubation periods longer than 30 min. be necessary, it is 
more convenient to transfer the sections to fresh m edium at 25 - 30 min. 
intervals.

The rate of the coupling reaction was tested over a rangę o f substrate 
concentrations of 1 - 4 m g./m l., and of Fast Red TR concentrations of

4 A direct com parison o f  the susceptib ility  to purified PDase I of naphthyl-pT  
and p-n itrophenyl-pT , k indly perform ed by Dr. Razzell, show ed th at both  
substrates are hydrolysed at about the sam e rate. (Added in proof).
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1 -4 m g ./m l. The substrate concentration of 2 mg./ml., giving the  
m axim um  rate of precipitate formation, necessitates the use of the rather 
high concentration of diazonium salt. Lower concentrations, e.g. 1 m g./m l., 
resulted in a poorer capture reaction for naphthol, w ith conseąuent 
formation of diffuse precipitates.

The optim al pH value for the enzym ie reaction w ithin the pH rangę 
5.2 - 9.5 was determined with 0.1 м-acetate, phosphate and tris-HCl buf- 
fers and w ith two diazonium salts, Fast Garnet GBC and Fast Red TR. 
Optimal activity for kidney sections was found at pH 9, although som e  
diffuse actiyity persisted even at pH 5.2 upon incubation for 30 m in. 
at room temperaturę. A ctivity was com pletely absent in panereatie 
sections ineubated for 30 min. at pH 5.2.

Routine Controls included: (a) heat inactivated sections (100° for 
10 min.) ineubated in fuli medium, and (b) sections ineubated in sub- 
strate-free medium. Incubations were normally at room tem peraturę for 
from 1 to 30 min., but control sections were always ineubated for periods 
at least three times longer.

Effect of fixation.  The effects of cold formalin fixation, cold absolute  
acetone fixation w ith subseąuent dehydration and paraffin-em bedding, 
and cold alcohol fixation with subseąuent dehydration and paraffin-em ­
bedding, on rat kidney PDase activity were investigated.

M orphologically similar slices of fresh kidney were weighed and 
treated as described above. Homogenates of fresh tissue served as Con­
trols. Form alin-fixed tissue was rinsed in cold water and homogenized. 
Paraffin-em bedded tissues w ere sectioned, the p araffin . remoyed in ben- 
zene and the tissue air-dried and homogenized. Then 0.9% hom ogenates 
of experim ental and control tissues were ineubated w ith naphthyl-pT,
2 m g./m l. in 0.1 м-tris buffer, pH 9, at 37°, and aliąuots of 35 цЛ. rem oved  
at intervals of 15 min., 30 min. and 1, 2 and 4 hr. H ydrolysis of naph- 
thyl-pT  was estim ated chrom atographically in solvent B. Comparison of 
the rates o f hydrolysis of naphthyl-pT by the homogenates indicated  
that about 20% PDase I activity survived formalin fixation, but only  
about 5% actiyity remained following acetone and alcohol fixations, due 
almost entirely to the effect o f paraffin embedding.

Fresh frozen kidney and panereatie sections w ere em ployed in several 
experim ents designed to test the yalidity of the localization patterns 
obtained w ith formalin, alcohol and acetone fixed  materials. The results 
were in all instances identical. Variations in incubation tim es at room  
tem peraturę, viz. 15 sec. for fresh frozen sections, as contrasted w ith  
1 - 2  min. for formalin fixed materiał and 3 min. for alcohol and acetone 
fixed  sections, are roughly in accord with the sem i-quantitative results  
obtained, above, w ith hom ogenates of tissues subjected to the same 
treatm ent.
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Enzyme  diffusion

In view  of our previous ехрегіепсе w ith RNase and DNase enzym es  
[14], where enzym e diffusion was found to be a serious obstacle to the  
developm ent of a suitable cytochem ical procedurę, special attention was 
devoted in the initial stages of this investigation to the ąuestion of pos- 
sible PDase I diffusion.

Form alin-fixed sections were preincubated in 0.06 ml. of 0.1 м-tris-  
-HC1 buffer, pH 9, for 30 min. at room temperaturę. The buffer was 
removed, substrate and diazonium salt added to make up a normal incuba­
tion medium, and this was then transferred onto heat-inactivated control 
sections and incubated for 30 min. The section did not exhibit any preci­
pitate formation, nor did the incubation medium itself dem onstrate the 
formation of a coloured precipitate, indicative of the release of naphthol. 
W hen the preincubated section and an identical untreated section w ere  
incubated with the normal com plete incubation medium for 1 - 2  min., 
a sim ilar intense reaction was obseryed for both sections.

The foregoing experim ent was repeated, using paper chrom atography  
to control possible substrate hydrolysis. Preincubation was carried out 
as above, and the preincubation buffer then combined w ith substrate 
and incubated for 45 min. The preincubated section and an untreated  
section w ere also incubated for 45 min. in a buffered substrate solution. 
The diazonium salts were om itted sińce they were not necessary, w hile  
they interfered w ith the developm ent of the chromatograms. Paper chro­
matography With solvent В demonstrated the absence of any hydrolysis 
of naphthyl-pT by the buffer used for preincubation. On the other  
hand the normal and preincubated sections partially hydrolysed the 
substrate, to pT in the case of pancreas, and to a m ixture of pT and 
thym idine w ith the kidney.

The foregoing experim ents were performed only w ith form alin-fixed  
pancreatic and kidney sections and were regarded as indicating the 
absence of any significant diffusion of enzym e from these m aterials.

Effect of inhibitors

Attem pts w ere made to confirm cytochem ically the reported inhi­
bitory effects of EDTA and AMP on PDase I [10]. No inhibition was 
obseryed with form alin-fixed kidney sections incubated for up to 5 min. 
at room tem peraturę in incubation media containing EDTA оѵег a con­
centration rangę of 0.8 to 3 т м . Pancreatic sections incubated for up 
to 5 min. at room tem peraturę in normal incubation medium w ith A TP  
added to 1 т м -concentration likew ise gave no indication of inhibition  
of enzym e actiyity. On the other hand, the introduction of NaF at a con­
centration of 20 т м  in the incubation medium resulted in a decrease of 
precipitate formation o f about 30°/o with pancreatic sections.
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Distribut ion of PDase I

The localization described in each case applies to sections incubated  
for the tim e interval specified. Upon prolonged incubations sites con- 
taining less enzym ie activity m ight have become eyident. No staining  
was obseryed in any of the control sections.

Kidne y.  Figs. 1, 2, ineubation 3 min. The enzym e was found in the 
ep ithelia l cells of the р го х іта і tubules of the cortex, although the 
straight portions of the tubules exhibited more pronounced actiyity than  
the conyoluted ones. The nuclei were unstained, and cytoplasm ic actiyity  
w as concentrated in the brush border zone.

Pancreas.  Fig. 3, ineubation 3 min. The enzym e was found centred  
in the supranuclear portion of the acinar cells, adjacent to the lumen, 
w ith  lesser actiyity in the intima of arteries, adventitial coat of the 
blood yessels and the connective tissue coat surrounding the excretory  
duets. The islets of Langerhans and the epithelium  of the excretory  
ducts were negative.

Duodenum.  Fig. 4, ineubation 5 min. The brush border of the epi­
thelium  of the ѴІ1Н was h ighly actiye, w ith slight actiyity in the epi­
thelium  of the erypts of Lieberkuhn. Capillaries, intima and adventitia  
of blood yessels, and other elem ents of the lamina propria and submucosa 
w ere also actiye.

Thyroid.  Fig. 5, ineubation 15 min. The cytoplasm  of the follicular  
cells stained intensely, especially in the yicin ity  of the basem ent m em ­
branę. Capillaries, intima and adventitia of blood yessels reactive.

Liver.  Figs. 6 ,7 , ineubation 30 min. Intense actiyity in proxim ity  
to bile canaliculi. Cytoplasm of hepatic cells w eakly actiye w ith  some- 
what greater actiyity at the lum en of sinusoids. The nuclei w ere negative. 
Capillaries, intima and adventitia o f blood yessels also reactive. Kupfer 
cells and epithelium  lining the bile ducts w ere negative.

Tongue.  Fig. 8, ineubation 15 min. A ctiy ity  in capillaries and the 
intim a o f smali arteries and veins. The perineurium  was also positive. 
A  strong reaction was evident in the cytoplasm  of mast cells.

Spleen.  Fig. 9, ineubation 20 min. Staining in the cytoplasm  of certain 
reticular cells and free macrophages in the red pulp. Slight reaction in  
the free macrophages and the endothelial cells, lining the capillaries 
in the germ inal centers. Lym phocytes in the nodules w ere unstained. 
Blood yessels reacted as usual.

Submaxi l lary  gland.  Fig. 10, ineubation 10 min. The enzym e was 
localized in the cytoplasm of the serous acini w ith  greatest actiyity at 
what seem ed to be the edges of the intercellular secretory canaliculi. 
The nuclei were negatiye and the different acini showed varying intensity  
o f  reaction. Epithelium of saliyary and excretory ducts reacted slightly
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Fig. 1. K idney cortex. Most in tense activ ity  in the straight portions o f ргохіш аі 
tubules (X 70). For further details w ith  reference to this, and subseąuent figures.

see text.
Fig. 2. Inner kidney cortex. A ctiv ity  in the brush border zone w ith  nuclei

negative (X 400).
Fig. 3. Pancreas. A ctiv ity  in acinar cells. The islets are negative (X 150).

Fig. 4. D uodenum . Intense brush border activ ity  (X 90).

H. S ierakow ska and  oth ers, A cta B ioch im . P olon . vol. X , 1963 (P la tę  1).
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Fig. 5. Thyroid. Cytoplasm  of follicu lar cells reactive (X 75).
Fig. 6. Liver. Intense activ ity  in proxim ity to bile canaliculi (X 80). 

Fig. 7. Liver. Note the negative nuclei of hepatic cells (X 300).

H. S ierakow ska and others, Acta B iochim . Polon. vol. X , 1963 (P la tę  2 ).
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Fig. 8. Tongue. A ctiv ity  in blood vessels, perineurium  and mast cells (X 100). 
Fig. 9. Spleen . A ctiv ity  in certain red pulp cells and the endothelium  of blood

vessels (X 75).

H. S ierakow ska and oth ers, Acta B ioch im . P olon . vol. X , 1963 (P latę  3 ).
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Fig. 10. Subm axillary gland. A ctiy ity  in serous cells (X 75).
Fig. 11. Sublingual gland. A ctiy ity  in sem ilunar cells (X 80).

Fig. 12. Parotid gland. Intense actiy ity  in proxim ity to intercellu lar canaliculi
(X 100).

Fig. 13. Tracheal hyaline cartilage. Intense actiy ity  in subperichondrium  cells
and w alls of lacunae (X 80).

H. S ierakow ska and oth ers. Acta B iochim . Polon . vol. X , 1963 (P la tę  4 ).
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in the supranuclear portion of cells adjacent to the lumen. The mucous 
aoini were negative.

Sublingual gland.  Fig. 11, ineubation 10 min. The enzym e was localized
in the cytoplasm  of sem ilunar cells with greatest activity at the edges
of the intercellular secretory canaliculi. The epithelium  of excretory
ducts reacted at the lumen.

Parot id gland.  Fig. 12, ineubation 10 min. Enzyme in cytoplasm of 
serous cells w ith most intense activity at the edges of the intercellular 
canaliculi. The epithelium  of salivary and excretory ducts reacted in 
proxim ity to the lum en. In all the salivary glands the endothelium  of 
capillahies and the intima and adventitia o f blood vessels exhibited  
enzym ie activity.

Tracheal hyaline cartilage.  Fig. 13, ineubation 20 min. The cells of 
subperichondrium reacted intensely, whereas the cytoplasm of chondro- 
cytes showed moderate activity. The w alls of the lacunae, particularly  
the outer surface, stained intensely.

DISCUSSION

A generał conclusion which may be drawn from the foregoing is that 
PDase I is particularly active at adsorptive surfaces, as exem plified  
by the brush border of the kidney and duodenum, and in cells involved  
in secretory processes, as illustrated by the serous acini of the panereas 
and the salivary glands. This relative abundance of the enzym e in secre­
tory cells, actively engaged in protein biosynthesis, is of some significance. 
In the celi fractionation investigations of Razzell [10], the enzym e was 
found to be localized largely in the microsomes, it being inferred from  
this that PDase I may play some specific role in the seąuential hydro- 
lysis of ribonucleic acid chains which participate in protein synthesis. 
It is nonetheless of interest to note the intracellular distribution of the 
enzym e at the secretory surfaces o f these cells.

The present cytochem ical findings demonstrate the com plete absence 
of PDase I from the nuclei o f the various tissues investigated. This is to 
be contrasted w ith the results of Razzell [10] who, although finding  
no positive evidence for nuclear localization, nonetheless entertained  
the opinion that PDase I may be present in, or bound to, rat Ііѵег and 
kidney nuclei. It should conseąuently be emphasized that even prolonged 
ineubation, by the cytochem ical procedurę, of highly active kidney tubular 
epithelium  cells, exhibited no evidence of nuclear PDase I activity.

The cytochem ical results do not indicate as high a PDase I activity  
for the testis and thym us as reported in the celi fractionation studies 
of Razzell [10]. In the testis PDase I occurred almost exclusively  in the 
blood yesse ls o f the stroma w ith no activity in the sem iniferous tubules

[ U ]
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and could hardly account for an activity of the order of 25% that for the  
kidney, as proposed by Razzell.

A rather puzzling feature of the present results is the failure to 
observe any marked inhibition of enzym e activity by either EDTA  
(versene) or AMP as found by Razzell [10] w ith homogenates as w ell 
as with the individual cellular fractions. No obvious interpretation of 
this discrepancy suggests itself, and it certainly merits further study.

W hile the present cytochem ical method appears to fu lfil adeąuately  
the reąuirem ents for intracellular localization of at least one of the 
important enzym es involved in nucleic acid metabolism, it is som ewhat 
difficult at the moment to determ ine to what extent its rangę of appli- 
cation may be broadened to include other such enzym es. Theoretically  
the naphthyl esters of the ribonucleoside-2/(3')-phosphates should be 
suitable substrates for the localization of ribonucleases. It is, on the 
other hand, сопсеіѵаЫе that a naphthyl ester may be as resistant to ribo­
nucleases as Tp-naphthyl is to PDase II. Even rnore important is the 
fact that the ribonucleoside-2'(3')-phosphate esters are hydrolysed rela- 
tively  slow ly by ribonucleases. Taken in conjunction w ith the relatively  
rapid rate of diffusion of these enzym es from tissue sections [5, 14], 
accurate localization might be difficult of achieyem ent.

We should like to thank Dr. W. Szer for his invaluable assistance 
in the preparation of the substrates. We are indebted to Dr. P. Czerski 
for identification of the spleen cells.

SUMMA RY

A cytochem ical method for the localization of phosphodiesterase I ba- 
sed on hydrolysis of a-naphthyl thym idine-5'-phosphate and coupling  
the enzym ically liberated naphthol w ith diazotate has been elaborated. 
The syntheses of a-naphthyl thym idine-S^phosphate and .a-naphthyl 
thym idine-S^phosphate have been described. The resistance of a-naph­
thyl thym idine-3'-phosphate to PDase II has been shown and discussed.

The optim al conditions for the localization of PD ase I have been  
determined and the intracellular localization of the enzym e in seyeral 
rat tissues presented. The effects of fixation and yarious inhibitors on 
PDase I have been inyestigated. The problems of substrate specificity  
and PDase I diffusion have been discussed.
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CYTOCHEMICZNA METODA WEWNĄTRZKOMÓRKOWEJ LOKALIZACJI
FOSFODW UESTERAZY

S t r e s z c z e n i e
O pracowano cytochem iczną m etodę lokalizacji fosfodw uesterazy I polegającą na 

zastosow aniu  jako substratu 5'-«-nafty lofosforan u  tym idyny oraz sprzęganiu enzym a­
tycznie uw olnionego naftolu  z solam i dw uazoniow ym i. Opisano m etodę syntezy  
5 -a-nafty lofosforan u  tym idyny oraz 3 '-«-naftylofosforanu  tym idyny. W ykazano oraz 
om ów iono odporność З'-a-nafty lofosforanu  tym idyny na działanie fosfod w u este­
razy II.

Opracowano optym alne w arunki lokalizacji fosfodw uesterazy I oraz przedsta­
w iono w ew nątrzkom órkow ą lokalizację enzym u w  szeregu tkanek szczura. U sta ­
lono w pływ  utrw alaczy oraz szeregu inhibitorów  na aktyw ność enzym u. Zbadano 
zagadnienia specyficzności substratu oraz dyfuzji fosfodw uesterazy I.

R eceiyed 18 May 1963.
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I. REIFER and GRAŻYNA MORAWSKA

AN ARGINASE INHIBITOR FROM SUNFLOWER SEEDS
(H E L IA N T H U S  A N N U U S )

Ins ti tu te  of B ioch em istry  and Biophysics, Polish A cad em y  of Sciences,  
and Central College of Agriculture, W arszaw a

In an earlier paper concerning the occurrence and actiyity of arginase 
in higher plants [1] we have reported that in some of the investigated  
plants no or practically no arginase activity could be detected. This 
applied particularly to sunflow er seeds in the dormant and in the  
germ inating stage, as w ell as to young 14-day old seedlings of the sun­
flow er plant.

The interpretation o f this rather unexpected observation was at that 
time impossible. However, a tentative suggestion was made, nam ely  
that the inability of demonstrating arginase activity need not at all be 
the result of absence of this enzym e, but that certain plants may contain  
substances acting as specific enzym e inhibitors. In this paper ехрегі- 
m ental evidence is presented which indicates that the seeds of the sun­
flow er contain a very active arginase inhibitor.

MATERIAŁ AND METHODS

Extracts  from sunflower  seeds.  Ten grams of kernels from sunflow er  
seeds obtained from commercial sources w ere finely  ground in a por- 
cellain mortar and suspended in 100 ml. of distilled water. After addition  
of 1 ml. o f glacial acetic acid, the suspension was thoroughly m ixedr 
centrifuged for 5 min. at 5000 r.p.m. and the supernatant filtered. The 
solution w as then evaporated to dryness on a steam bath, dissolved in  
10 ml. o f d istilled  water, filtered off, washed w ith 5 ml. of d istilled  
water and precipitated w ith 40 ml. of a 2% solution of barium hydro- 
xide. The precipitate was centrifuged, washed w ith 50 ml. of distilled  
water, centrifuged again, suspended in 10 ml. of distilled w ater and 
treated w ith  20 ml. of 0.1 n-H 2S 0 4 bringing up the pH to 4.0 - 4.5. The 
precipitate of B a S 0 4 w as centrifuged o ff and discarded. The super­
natant was again precipitated w ith 20 ml. of barium hydroxide, centri­
fuged, washed as above and treated w ith 12 ml. of 0.1 n-H 2S 0 4. Barium  
sulphate was again centrifuged off and the supernatant solution made 
up w ith distilled  water to 100 ml. The dry w eight o f the acetic acid 
extract amounted to about 15°/o and the dry w eight of the extract from

[413]
http://rcin.org.pl



4 1 4  I- REIFER and G. MORAWSKA [2]

the second barium hydroxide precipitate was eąual to about 1.5% of the 
original w eight of the kernels used for the preparation.

Acetone powder  from bi tter Ыие lupins (Lupinus angustifolius, 
var ie t y  Bielak).  Acetone powders proved to be a very good and reliable 
source of highly active arginase preparations, which could be kept for 
many m onths at -18° w ithout any appreciable loss of activity. The 
preparation of the acetone powder as w ell as the determ ination of argi­
nase activity was carried out as previously described [1].

Determinat ion of arginase act ir ity .  Urea obtained on hydrolysis of 
arginine was .hydrolysed w ith added urease and the resulting ammonia 
distilled by the usual Conway techniąue.

RESULTS AND DISCUSSION

In order to determ ine the effect of the sunflower seed extract upon 
arginase activity, aliąuots containing from 35 ng. to 700 itg. of the pre­
paration dissolved in 0.5 ml. of water were used for each assay of 
arginase activity. The total volum e of the incubated m ixture was equal 
to 4.5 ml. and all determ inations were carried out in quadruplicates.

Fig. 1. Influence of inhibitor 
from sunflow er seeds on arginase 

activ ity .

Fig. 1 demonstrates the effect of the sunflow er seed extract on 
arginase activity, expressed in per cent inhibition as compared with  
control samples w ithout addition of the extract from sunflower seeds. 
As can be seen, the inhibition of arginase activity amounts to 83% at 
the concentration of the inhibitor equal to 150ug./m l. and to 18% at the 
concentration equal to 7.5(J-g./ml. No further increase o f inhibition could 
be obtained even when the concentration of the inhibitor was raised to 
600ug./m l. Preincubation at 0° and at room tem peraturę for a period
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of 30 min. remained w ithout any noticeable effect. In the course of work  
a very interesting observation was madę, nam ely that L-cysteine 
reactivated arginase which had been previously inhibited w ith the 
sunflow er seed extract. Provided that enough cysteine was added, the 
original arginase activ ity  could be quantitatively restored. As can be 
seen from Table 1, about lO um oles of L-cysteine restored com pletely  
the activity of arginase which had been inactiyated w ith 75 M,g./ml. of 
the inhibitor; 1 (itmole remained w ithout effect probably because it was 
oxidized to cystine by some reducible substances present in the acetone 
powder as w ell as in the inhibitor preparation. Cystine applied in the 
above concentrations had no effect on the reaction and did not restore 
arginase actiyity w hich had been inhibited w ith the extract from sun­
flow er seeds.

T a b l e  1

Influence of cysteine on reactivation of arginase inhibited by the extract
from  sunflower seeds

In 4.5 ml. of the incubation m ixture 4 mg. of acetone powder from  seedlings of the 
bitter blue łupin, and the given am ounts of the inhibitor from  sunflow er seeds 

w ith  or w ithout cysteine, w ere added.

Addition 0.01 N-HC1 used
(1*1.)

Actiyity restored
(%)

None 528 _
70 L̂g. inhibitor 217 —
70 pg. inhibitor, 1 (i.mole CySH 215 0
70 [i.g. inhibitor, 5 (xmoles CySH 518 98
70 (xg. inhibitor, 10 [zmoles CySH 527 100

An interesting ąuestion arose whether plants which contain the 
inhibitor also possess arginase, the actiyity of which would m erely be 
masked (partially or w holly) by the presence of the mentioned inhibitor. 
If this be the case, then the addition of cysteine to arginase preparations 
containing the inhibitor should appreciably increase the amount of 
ammonia arising from the two-step hydrolysis of added arginine w ith  
the native arginase, follow ed by the addition of urease. Arginase prepa­
rations which do not contain the inhibitor, i.e. acetone powders from  
which the inhibitor has been washed out, should show no such increases. 
Extracts w ere therefore prepared from plant materiał in the follow ing  
way: 1 g. samples of plant m ateriał w ere thoroughly macerated w ith  
10 ml. o f d istilled w ater in the presence o f 20 mg. of cysteine per 1 g. of 
dry w eight, centrifuged at 3000 r.p.m. for 5 min. and the supernatant 
suspension filtered through a thin layer of cotton wool. A parallel 
sample was prepared in the same manner as above but w ithout the 
addition of cysteine. Control determ inations were carried out in the
7
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same way, except that the arginase present was inactivated by immersion  
of the sample for 5 min. in a boiling water bath.

It is evident from the results presented in Table 2 that sunflow er  
seeds as w ell as young łupin plants not only contain a very active 
inhibitor of arginase actiyity, but also that the apparent detected  
actiyity can be considerably enhanced by the addition of cysteine, 
which causes the unm asking of the blocked enzym e. Arginase actiy ity  
w as increased about four tim es in the samples containing the inhibitor, 
but no increases at all were obseryed in acetone powders which had the 
inhibitor remoyed in the course of preparation.

T a b l e  2

Influence of cysteine on actiuation of arginase inhibited w ith  the native
inhibitor

Suspensions (10:1) of plant m ateriał or acetone pow der w ere assayed for arginase
actiy ity .

0.01 N-HC1 used (p.1.)

Materiał used No CySH 
added

CySH added
Difference

(%)

Sunflower seeds, dormant 0.5 ml. 37 144 +  390
1.0 ml. 63 244 +  388

Sunflower seeds, germinating 0.5 ml. 59 232 +  394
1.0 ml. 98 404 +  412

Łupin plants, 22 day old 0.5 ml. 182 771 +  423
Bitter blue łupin seedlings, acetone

powder 1.0 ml. 645 587 — 9

The difference in arginase actiyity obtained w ith  and w ithout the 
addition of cysteine would suggest that it is essential to distinguish  
betw een “true” and “apparent” enzym e actiyity. It would therefore 
appear that much additional information co u ld be gained if arginase 
actiyity, particularly in comparatiye and physiological studies, would  
alw ays be determined in samples prepared w ithout and w ith the addition  
of cysteine, in the amount of about 20 mg. per 1 g. of dry w eight of the 
sample. Eyidently the apparent detected actiyity may depend not only  
on the amount o f the enzym e present, but also on the ąuantity of the 
inhibitor, the amount of which varies considerably during the yarious 
stages of plant growth and developm ent.

Certain physical and Chemical properties of the inhibitor are given  
below. The inhibitor was tested for its specificity on another enzym e 
of the ornithine cycle, nam ely on ornithine carbamoyl transferase, and 
on urease, and it was shown to have no effect on their actiyity. The 
preparation is easily  soluble in water, in minerał and organie acids and
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is gives copious precipitates w ith barium hydroxide and copper sulphate 
in the presence of an excess of calcium hydroxide (Van S lykes’ reagent). 
The inhibitor is therm ostable and can be evaporated at 100° on a water 
bath w ithout any loss of activity. It passes through sem iperm eable 
membranes indicating a substance of moderate m olecular weight.

Finally it m ust be pointed out that the preparation of the inhibitor 
despite its remarkably high activity is still greatly contaminated w ith  
inactive materiał as the dry w eight of the preparation amounts to as 
much as 1.5% of the original mass of the sunflow er seed kernels. Work 
on the purification, identification and on the kinetic properties of the 
substance is in progress.

SUMMARY

1. Sunflow er seeds contain a very active inhibitor of arginase.
2. W ith the described preparation of the inhibitor at a concn. of 

150^g./m l., an 83% inhibition of arginase activity can be obtained. 
No further inactivation can be obtained by increasing the concentration  
of the inhibitor.

3. L-Cysteine restores quantitatively the inhibited arginase activity.
4. There is a considerable difference between “true” and “apparent” 

arginase activity in the sunflow er seeds. It is therefore suggested that 
the determination of arginase activity should be carried out w ith and 
w ithout the addition of cysteine.

R E F E R E N C E

[1] M orawska G., K leczkow ski K. & Reifer I. - Acta  Soc. Bot. Pol. 32, 191, 1963.

INHIBITOR ARGINAZY Z NASION SŁONECZNIKA

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

1. N asiona słonecznika zaw ierają bardzo czynny inhibitor arginazy.
2. Opisany preparat inhibitora w  stężeniu 150 g,g./ml. ham uje aktyw ność argi­

nazy w  83%. Z w iększenie koncentracji inhibitora nie zw iększa stopnia inhibicji.
3. L-Cysteina ilościow o przyw raca aktyw ność inhibow anej arginazy.
4. W nasionach słonecznika w ystępuje znaczna różnica m iędzy faktyczną  

i oznaczalną aktyw nością arginazy i dlatego oznaczenie aktyw ności tego enzym u  
należy przeprow adzać z reguły z dodatkiem  i bez dodatku cysteiny.

R eceived 21 May 1963.
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IN THE KIDNEY OF MALEATE-TREATED RATS

D epa r tm en t of B iochem istry ,  Medical School, Gdańsk

It has previously been shown [12, 13] that in the kidney of m aleate- 
-treated rats the content of both protein and non-protein SH groups 
was considerably dim inished. Sim ultaneously, the content of SH groups 
in the blood and Ііѵег was unaffected. These results suggested that the  
dim inution of SH content in the kidney tubules may be one of the 
causes of renal disfunction. Other inhibitors of SH groups, such as 
N -ethylm aleim ide or m ercury compounds, did not produce the same 
kind of disorder, but caused the death of the anim als even w hen  
adm inistered in doses 1 0 - 1 0 0  tim es sm aller than those of m aleate. 
Therefore w e assumed [3] that, contrary to the other inhibitors, m aleate  
affects the SH groups involved in special m etabolic pathways associated  
with the excretory function of the kidney.

H oweyer, an effect o f m aleate on some m etabolic reactions in m ito- 
chondria was also considered. The inhibition of the SH groups which  
are involved in such reactions m ay cause a shift of the hydrogen  
pathway, leading to energetic disturbances in the cells of renal tubules. 
In the last series o f experim ents [4, 15] we have shown that the oxida- 
tion of the Krebs cycle interm ediates by kidney hom ogenates of m aleate- 
-treated rats is  considerably diminished. The inhibition of a-ketoglutarate  
oxidation was the greatest resulting in the accum ulation of a-ketoacids in 
the kidney, and affecting the biosynthesis of amino acids.

The exam ination of the effect of m aleate on the content o f SH groups 
in particular celi fractions of rat kidney was the main purpose o f this 
work.

METHODS

Wistar rats fed the m ilk diet [1] were used. Maleic acid was injected  
subcutaneously, in doses o f 300 mg. per kg. o f body w eight. The anim als 
were killed by decapitation; the tissues to be tested w ere rem oved  
im m ediately, cooled, weighed and homogenized in a glass Potter hom o- 
genizer w ith  9 yolum es of cold 0.25 м-sucrose solution. The hom ogenate  
w as layered over the same volum e of 0.34 м-sucrose solution and centri­
fuged at 600 - 700 g for 10 min. [11]. The sedim ent was suspended in

[419]
http://rcin.org.pl



4 20 J. ROGULSKI [2 ]

0.25 м-sucrose and centrifuged as above. The washed sedim ent was 
rehom ogenized w ith 0.25 м-sucrose, and is referred to as the nuclear 
fraction. The first supernatant and the washings were pooled and centri­
fuged at 18 000 g for 15 min., the sedim ent was washed, centrifuged and 
rehom ogenized in 0.25 м-sucrose; this fraction is referred to as the m ito- 
chondrial fraction. The pooled two supernatant fluids are referred to as 
the cytoplasm ic fraction. The w hole procedurę was carried out at 0 - 5 ° .  
The sulfhydryl groups w ere determined in duplicate sam ples of the 
w hole homogenate and of each fraction.

The total SH groups were determined at room tem peraturę by 
amperometric titration w ith an apparatus constructed as described by 
Benesch et dl. [6] w ith  the m odification of Cole et dl. [9]. The rotating 
platinum  electrode was devised according to Bhattacharya [8]. The 
titration was carried out in an aąueous solution of tris buffer at pH 7.4 
[6] by means of 0.0025 M-AgN03  added from a m icroburette in 50 ці. 
doses at 1 min. intervals. The galvanom eter deflections were read 
55 seconds after the addition of A g N 0 3. The electrode was standardized  
w ith a glutathione solution and the results obtained w ere 95°/o ±  3 of the 
theoretical. The non-protein SH groups were determ ined after de- 
proteinization w ith su lfosalicylic acid [7]. The determ inations by ampero­
metric titration were in agreem ent w ith the yalues obtained w ith  the 
nitroprusside method of Grunnert & Phillips [10] w ith the m odification  
of Beck et dl. [5]. Therefore the latter method, the ąuicker and more 
conyenient one, was used. The content of protein SH groups was 
calculated by subtracting the content of non-protein SH groups from  
the total SH. The hom ogenates and all fractions w ere kept at 0 - 5 °  
until the determ inations were finished (about 5 hr. from the death of 
the animal).

Significance o f difference (P) was obtained according to S tu d en fs  
t test [18].

RESULTS

The contents of SH groups in cellular fractions of rat kidney and 
Ііѵег are given in Table 1. In both tissues about 70% of total SH content 
was found in the cytoplasm ic fraction, and about 15% in each granular 
fraction. This is in agreem ent w ith the data reported by Surthin  
& Yagi [17] and recently by Shore & Shore [16]. The percentage distri­
bution o f SH content in particular fractions was sim ilar in the kidney  
and the Ііѵег but the amounts per gram of tissue were m arkedly higher 
in the Ііѵег. It should be pointed out that the ratio o f protein SH groups 
to non-protein SH groups was distinctly higher in both granular frac­
tions than in the cytoplasm ic one.
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T a b l e  1

The content of SH groups in cellular fractions of rat k idney and Ііѵег

The total and non-protein  SH groups w ere determ ined, and protein SH groups 
w ere calculated. Sum  denotes the am ount of SH groups calculated by adding the 
v a lu es  for all three cellu lar fractions. Mean values from  10 experim ents ±  S.D.

are given.

SH gtoups

Sulfhydryl groups ([i.moles per g. tissue)
Kidney

Homogenate Nuclei Mito­
chondria

Cyto­
plasm

Sum

Total

Non-protein

Protein

13.98
±1.01

3.83
±0.46
10.15

±0.91

2.18
±0.30

0.32
±0.07

1.86
±0.18

• 1.71 
±0.12  

0.31 
±0.07  

1.40 
±0.21

10.33
±0.98

3.30
±0.40

7.03
±0.79

14.22

3.93

10.30

Total

Non-protein

Protein

Liver

20.59
±1.80

5.10
±0.52
15.49

±1.51

3.19
±0.45

0.35
±0.07

2.84
±0.31

3.06
±0.40

0.55
±0.16

2.51
±0.18

13.65
±1.51

4.41
±0.27

9.24
±1.12

19.80

5.31

14.49

The effect of m aleate intoxication on the content of total SH groups 
in  the kidney and Ііѵег cellular fractions is presented in Table 2. 
In agreem ent w ith our previous data [12, 13], a marked decrease of 
kidney SH groups occurred during the first 15 min. after the injection  
of m aleate am ounting in the homogenate to 1/3 of the normal value. 
A lthough the greatest change in SH content occurred in the cytoplasm, 
the percentage decrease was highest in the mitochondrial fraction. 
It reached in mitochondria 45°/o (P <C 0.001) whereas in the nuclear 
fraction 30% (P <  0.001) and in the cytoplasm ic fraction 23% (P <  0.01). 
Three hours after the administration of m aleate the content of SH groups 
in  the kidney showed an increase confined, however, to the cytoplasm ic 
and nuclear fractions. The m itochondrial SH content was still by 40%  
sm aller than the normal ѵаіие (P <  0.001). W ithin 48 hr. after the 
adm inistration o f m aleate, the content of SH groups reached the normal 
values in all fractions.

The decrease o f the SH groups in the kidney of m aleate-treated rats 
concerned both protein and non-protein groups (Table 3). The decrease 
of protein SH groups was found in the mitochondrial and nuclear frac­
tions; in  the cytoplasm ic fraction no changes w ere obseryed. As it has

13]
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T a b l e  2

The content of total SH groups in cellular fractions of the k idney and 
Ііѵег of m aleate-treated rats

M aleic acid, 300 mg. per kg. body w eight, w as injected subcutaneously. N on-treated  
rats w ere used as Controls. The m ean values from 6 - 1 0  experim ents ±  S.D. are 
given, and P values indicating the level of significance of the differences betw een  

the results obtained w ith  treated and w ith  norm al rats.

Time after 
maleate injection

Sulfhydryl groups (p.moles per g. tissue)
Kidney

Homogenate Nuclei Mito­
chondria

Cyto-
plasm

Sum

Control 13.98 2.18 1.71 10.33 14.22
±1.01 ±0.30 ±0.12 ±0.98

15 min. 9.93 1.51 0.95 8.01 10.47
±1.12 ±0.28 ±0.12 ±0.90

P <0.001 <0.001 <0.001 <0.01
3 hr. 11.81 1.71 1.05 9.13 11.93

±0.96 ±0.31 ±0.18 ±0.75
P <0.01 <0.05 <0.001 <0.05

48 hr. 14.60 2.15 1.70 11.08 14.93
±1.37 ±0.28 ±0.16 ±1.04

P >0.1 >0.1 >0.1 >0.1

Liver

Control 20.59 3.19 3.06 13.65 19.80
±1.80 ±0.45 ±0.40 ±1.51

15 min. 20.00 3.23 3.10 13.50 19.83
±1.75 ±0.38 ±0.35 ±1.87

P >0.1 >0.1 >0.1 >0.1
3 hr. 19.42 3.15 3.17 12.35 18.67

±1.92 ±0.41 ±0.20 ±1.52
P >0.1 >0.1 >0.1 >0.1

48 hr. 20.20 3.14 3.11 13.45 19.70
±2.01 ±0.40 ±0.29 ±1.39

, P >0.1 >0.1 >0.1 >0.1 1

been previously shown [13], 3 hr. after the injection of m aleate th e  
content of protein SH groups of the kidney hom ogenate augmented  
and reached values almost eąual to the normal ones. In mitochondria, 
however, the SH groups were still lower by 35%.

The content of non-protein SH groups in the kidney of m aleate- 
-treated rats decreased distinctly and more or less uniform ly in all 
fractions, the decrease being maintained for over 3 hr. after the injection  
(Table 3). This indicates that, in the kidney, m aleate binds first of all 
the non-protein SH groups, and that this reaction occurs in all fractions 
to the same extent. On the other hand, as the protein SH groups were
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17] SULFHYDRYL GROUPS IN KIDNEY OF M ALEATE-TREATED RATS 425

bound significantly, and more firm ly, on ly  in the m itochondrial fraction, 
it appears that the affin ity of maleate towards the two kinds of SH 
groups differs in particular celi fractions of the kidney. The reactivity  
of non-protein SH groups in all fractions and the reactivity of m ito­
chondrial protein SH is the same, in the cytoplasm ic fraction, however, 
the reactivity of the protein SH groups is almost 3 tim es lower.

In the Ііѵег of m aleate-treated rats no significant changes in the SH 
content w ere observed (Table 4), only the cytoplasm ic non-protein  
SH groups dim inished 3 hr. after the injection. This seem s to be caused 
by the reaction of m aleate with glutathione of blood and tissues.

DISCUSSION

Our previous results [4, 15] indicated that in m aleate intoxication  
the selectiye inhibition of ketoglutarate oxidation may be of considerable 
importance. A transitory inhibition of this fundam ental reaction leads 
to secondary disturbances in the kidney metabolism , which m ay result 
in aminoaciduria. The sim ultaneous decrease of protein SH groups in 
kidney mitochondria may suggest a connection betw een the inhibition  
o f ketoglutarate oxidation, fali of SH content and disorders of kidney  
function. Previously [3] w e believed that the reaction of m aleate w ith  
the SH groups of the cytoplasm ic fraction may be o f importance. Now, 
how ever, it seem s that the binding o f the mitochondrial protein  
SH groups is more significant.

The great differences in the behaviour of non-protein SH groups in 
the kidney and Ііѵег after the intoxication w ith  m aleate may be ex -  
plained by the presence of glutathionase in the k idney [2, 14]. In v itro  
the cysteine liberated from glutathione by glutathionase reacted w ith  
m aleate faster than glutathione itself. Perhaps this phenom enon may 
occur also in vivo  in m aleate-treated rats.

This study was partially supported by a grant from the Comm ittee 
o f Biochem istry and Biophysics of the Polish Academ y of Sciences.

SUMMARY

1. The content of both protein and non-protein SH groups in 
cellu lar fractions of rat kidney and Ііѵег w as exam ined.

2. In rat kidney a significant decrease of m itochondrial protein  
SH  groups, and to a lesser degree, of nuclear protein SH occurs 15 min. 
after the injection of m aleate.

3. In the Ііѵег of m aleate-treated rats no changes in the content of 
SH  groups in any particular fraction w ere obseryed.
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GRUPY SULFHYDRYLOW E FRAKCJI KOMÓRKOWYCH NERKI SZCZURÓW
ZATRUTYCH MALEINIANEM

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

1. Zbadano rozm ieszczenie białkow ych i n iebiałkow ych grup SH w e frakcjach  
kom órkow ych nerki i w ątroby szczurów.

2. Obniżenie poziom u białkow ych grup SH w  nerce szczurów  zatrutych m alei-  
nianem  w ystęp uje już w  15 min. po zastrzyku i to przede w szystk im  w e frakcji 
m itochondrialnej oraz w  m niejszym  stopniu w  jądrowej.

3. We frakcjach kom órkow ych wątroby po zatruciu m alein ianem  nie stw ierdza  
się żadnych zmian w  ilości grup SH.

R eceived 27 May 1963.
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PREPARATION AND PROPERTIES 
OF RIBOFLAVIN FLAVOPROTEIN 

OF SOLUBLE FRACTION OF EGG YOLK

D epar tm en t of Physiological C h em istry ,  Medical School, K ra k ó w

It was previously found that flavoprotein w ith free riboflavin as 
prosthetic group occurs in the аѵіап eggs [28,26]. It resem bles the 
avidin-biotin system  and probably constitutes a storage form of v ita -  
min B2 for the developing embryo. As large amounts of pure preparation  
of flavoprotein are easy to obtain, it may serve as a model for studies 
on the binding of flavins w ith  proteins. In this paper, a sim plified  
method of isolating homogeneous flavoprotein from hen egg yolk  and 
some of its physico-chem ical properties are described.

METHODS

Riboflavin was recrystallized from a commercial preparation (Light 
& Co., England), and fresh Solutions were madę each day. Concentration  
of riboflavin in standard Solutions was determined by m easurem ents of 
extinction at 450 mg [38] w ith a H ilger & W atts U vispec UV spectro- 
photometer. A ssays o f riboflavin in flavoprotein preparations w ere also 
made by the microbiological method according to Roberts & Snell [29] 
w ith Lactobacillus casei as test organism. Lactic acid produced by the  
organism in the m edium was estim ated potentiom etrically [23]. Prepara­
tions of flavin  nucleotides (FMN and FAD) were obtained from the  
Sigma Chemical Co., USA.

Vitamin B 12 was assayed m icrobiologically w ith Euglena gracilis 
“z” [15] and Ochromonas malhamensis  [11]. Growth of the organism  was 
determined by measuring the extinction of chlorophyll extracted from  
the disintegrated cells, as previously described [25].

Chromatography on die thylam inoethyl cellulose. D EA E -cellulose  
(Serva Co., H eidelberg, W est Germany), 0.60 mEq/g., before use was 
prepared by the follow ing procedurę. About 100 g. was suspended in  
4 liters of 0.1 N-HC1 containing 0.9 м-NaCl, stirred for 20 min. and the 
fine particles w ere decanted. The sedim ent was washed with w ater to 
neutral reaction on a sintered glass filter. The washed cellu lose w as 
suspended in 4 liters o f 1 M-NaHC0 3 , shaken overnight, washed w ith
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water, then suspended in 4 liters of 1 M-Na2C 0 3, and again washed w ith  
water. After resuspension in 0.1 N-NaOH for several m inutes, it w as 
washed on the glass filter w ith water, 95°/o ethanol, and then w ith w ater. 
D EA E-cellulose treated as described above was suspended in a suitable  
buffer solution and packed under hydrostatic pressure about three tim es  
greater than the height of the column.

Electrophoresis. Paper electrophoresis was performed on W hatman  
Ж Х  1 paper in a horizontal celi. Electrophoresis on starch gel was done 
according to Sm ithies [32]. Sucrose density gradient electrophoresis w as 
carried out in an apparatus similar to the one described by Cramer 
& Svensson [7]. The capacity of the separating column was about 270 ml. 
The buffer in the column w as stabilized w ith sucrose solution em ploying  
a gradient from 40 to 0°/o. After separation, the fractions w ere collected  
w ith a fraction collector. One-ml. fractions were diluted to 3 ml. volum e  
and extinction  was determined at 280 and 450 тм-, and riboflavin and 
vitam in B12 were assayed m icrobiologically.

Paper chromatography.  Chromatographic separation of the flavins  
was carried out by ascending techniąue in two solvent system s: A, iso- 
am yl alcohol saturated w ith water [14]; B, 5°/o Na2H P 0 4 [16]. W hatman  
no. 1 and 3 MM papers were used. The spots w ere localized by a UV lamp.

Ulracentrifugation.  D ensity gradient ultracentrifugation was carried 
out according to Martin & Am es [22], using a Martin-Christ preparative 
ultracentrifuge, Omega type (Osterode, West Germany) w ith sw inging  
bucket rotor no. 001. The sucrose gradient from 20 to 5°/o was prepared  
as described by Britten & Roberts [3].

Polarographic determinations.  The polarograph type РОЗ (Radio- 
meter, Copenhaven) and a 2 ml. celi adapted for deaeration w ith N2 
were used. The poteptial of the dropping electrode was referred to 
a saturated calomel eldctrode. The riboflavin solution in 0.05 м-N a-phos- 
phate buffer, pH 7.0, was polarographed in the rangę from -0.2 to -0.8 V  
and the diffusion current was measured [19].

Fluorometric titrations.  Fluorescence determinations were carried out 
with a spectrofluorom eter constructed by Theorell [34]. A li determ ina­
tions w ere done at 23.5° in 0.05 м-Na-phosphate buffer of pH 7.0.

Infrared absorption spectra. The samples pressed into discs w ith KBr 
were analysed in a Unicam SP-100 infrared spectrom eter (Unicam Instr. 
Ltd., Cambridge, England), w ith NaCl prism grating.

O ther determinations.  Protein was determined by the m icrobiuret 
method of Kirk [18]. N itrogen was determined by the m icro-K jeldahl 
method, and inorganic phosphate was estim ated according to the pro­
cedurę of Fiske-Subbarow [9]. Total phosphorus was estim ated after 
digestion w ith H2S 0 4 and subseąuent clarification w ith hydrogen pero- 
xide. Carbohydrates were analysed as follows: a sample of flayoprotein
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or apoprotein was hydrolysed in 1 N-H2SO4 [17], dried in vacuum  and 
chromatographed in n-butanol - acetic acid - water (4:1:5, by vol.) [1]. 
The sugars were detected w ith aniline-hydrogen phthalate spray reagent 
[27] and w ith  Elson-M organ reagent for aminosugars [12]. The total 
neutral sugars in the flavoprotein was determined by the p henol-su l- 
phuric acid method [8].

Purification of flavoprotein

A li the procedures w ere carried out at 3° under reduced illum ination.
Yolks from 100 fresh eggs were washed three tim es w ith  0.9% NaCl 

solution to гетоѵ е egg white, and briefly homogenized in a w aring- 
-blendor. Then арргох. 1.8 liter of yolk was made up w ith  salinę solution  
to 4.5 liter and extracted w ith cold ether until a colourless and fa t-free  
ether layer was obtained. The defatted suspension was left overnight 
in a separating funnel; the elear aąueous layer was then collected, and 
the dense suspension was discarded. The aąueous solution o f livetin  
proteins was centrifuged for 30 min. at 3 000 r.p.m. and to the elear 
liąuid, solid ammonium sulphate was added in portions w ith continual 
stirring to 0.55 saturation. After 12 hr. the precipitate was separated by 
centrifugation and discarded, to the solution ammonium sulphate w as  
added to 0.80 saturation, and the m ixture was left overnight in the 
cold room. The precipitate was collected by centrifugation, dissolved  
in a sm ali volum e of distilled water (арргох. 150 ml.) and dialysed, 
first against w ater and then against 0.05 м -phosphate buffer of pH 5.9. 
The smali amount of precipitate formed during dialysis was centrifuged  
off. The solution was then adsorbed on a D EAE-cellulose column  
(4 X  30 cm.) eąuilibrated w ith the same buffer solution. The colum n was 
washed w ith  0.1 м-phosphate buffer o f pH 5.8 till the eluate contained  
no protein, usually w ith  арргох. 800 ml. An intensively  yellow  flavo- 
protein zone remained at the top of the column. It was found that under 
these conditions free riboflavin added in excess to the protein adsorbed, 
is eluted from the column. Flavoprotein was eluted from the colum n  
with about 500 ml. of 0.1 м-phosphate buffer of pH 5.5 containing  
0.35 м-NaCl. The intensely yellow , nonfluorescent eluate of flavoprotein  
was dialysed against distilled  water for 24 hr. and then lyophilized. From  
yolk o f 100 eggs about 300 mg. of a product was obtained containing  
over 60% pure flavoprotein calculated on the basis of riboflavin content 
after com plete saturation w ith  the vitamin.

Further purification was carried out on a DEAE-cellulose column  
(2.7 X 40 cm.) w ith linear gradient of pH and ionic strength. The lyo­
philized flavoprotein, 400 mg., w as dissolved in 5 ml. of 0.1 м-N a-phos- 
phate buffer, pH 5.8, and adsorbed slow ly on a column previously eąu i­
librated w ith the same buffer. The column was washed w ith 500 ml. of
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the buffer, and gradient elution was started, the m ixing chamber con- 
taining 500 ml. of 0.1 м-phosphate buffer, pH 5.8, and the reservoir 
500 ml. of О .ім-phosphate buffer, pH 5.5, in 0.5M-NaCl. Elution of flavo- 
protein was checked by measuring the extinctkm  of protein at 280 т ц  
and at 450 mp. (Fig. 1). A smali amount of impurities, consisting of

40 60 80 100
Fraction no. (9ml.)

Fig. 1. Chrom atography of flavoprotein  on DEAE-cellulose. Column, 2.7 X 40 cm., 
in itia l buffer, 0.1 м-phosphate, pH 5.8; finał buffer, 0 .1  м-phosphate - 0.5 м -NaCl, 
pH  5.5. Sam ple applied, 5 ml., contained 400 mg. protein. E lution was perform ed 
w ith  a linear g rad ien t w ith  500 ml. each of in itia l and finał buffer. Flow  rate , 
40 ml. per hour, fraction  volum e, 9 ml.; ( • ) ,  E2 8 o; (О), E4 5 0 ; (X), NaCl gradient;

(□), pH gradient.

a protein not binding riboflavin, was eluted just before the main peak. 
In the main peak the extinctions at 280 and 450 mfx w ere parallel. F lavo- 
protein was eluted w ithin the rangę of 0.15 and 0.25 м-NaCl concentra- 
tions and 5.7 -  5.5 pH values. Fractions w ith the highest extinction  
at 450 mp (nos. 65 to 82, Fig. 1) were pooled and dialysed against water 
to гетоѵ е salts, and then lyophilized. From 400 mg. of chromatographed  
preparation usually 270 to 280 mg. of pure flayoprotein containing 6.5 
to 7.3 (ig. of riboflavin per mg. protein w as obtained.

Preparation of apoprotein by  gel filtration. It w as found that com- 
plete splitting off of the prosthetic group takes place at pH of about 3. 
Attem pts to гетоѵ е flayin  by dialysis, even  for seyeral days, at this 
pH w ere unsuccessful, due to an eąuilibrium  formed betw een the 
dissociated and undissociated forms. Filtration of flayoprotein on 
a colum n with Sephadex G-25 (Pharmacia, Uppsala) proved particularly  
conyenient in this case. Results of separation of apoprotein from flavin
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on dextran gel are illustrated in Fig. 2 . The column (2 X  34 cm.) was 
eąuilibrated w ith О .ім-citric acid - NaOH buffer, pH 3.0, and 50 mg. of 
flavoprotein dissolved in one ml. of the same buffer was applied and 
eluted at 3°. Apoprotein eluted from the column by the buffer o f 
volum e,V o [10] was com pletely colourless and was recovered ąuantita- 
tively . A fter an additional volum e, Vi, of buffer was passed through the

Fig. 2. Gel filtra tion  of the flavoprotein on Sephadex G-25; 50 mg. of p ro tein  
in 1 ml. was applied to the column, 2 X 34 cm., eąu ilib ra ted  w ith 0.1 м -citric 
a c id -N aO H  buffer, pH 3.0, and eluted w ith  the sam e buffer solution a t a ra te  

of 30 ml. per hour. F raction  volume, 4 ml. ( • ) ,  E2 8o‘. (O), E450.

•column, riboflavin was eluted. W hen filtration of flayoprotein was 
carried out over the rangę of pH from 3.5 to 8.0, only undissociated flavo- 
protein appeared after volum e Vo of buffer was passed through the 
column. The apoprotein solution was dialysed against distilled w ater and 
lyophilized. The apoprotein retained the ability of binding riboflavin  
after repeated filtration.

Isolation of flavin. Fractions w ith  the highest extinction at 450 mu 
obtained by filtration on Sephadex G-25 were combined, extracted w ith  
butanol and dried in vacuum. The obtained yellow  powder was dissolved  
in a sm ali volum e of w ater and chromatographed on Whatman 3 MM 
paper in solvent A. The spot in the position corresponding to riboflavin  
was eluted w ith  w ater and used for further experim ents.

The quantitative extraction of riboflavin from flayoprotein was 
carried out w ith  phenol [39]. The solution of flavoprotein was adjusted  
with HC1 to pH 2.0 and heated for 5 min. at 100°, then neutralized and 
saturated w ith ammonium sulphate. The precipitate was rem oved by 
centrifugation and the solution w as extracted w ith phenol. R iboflavin  
was reextracted from the phenol into water in the presence o f ether, 
and dried in yacuum.
8
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RESULTS

Electrophoresis of flavoprotein  in sucrose-density gradient. As pre- 
viously  reported [26] the isolated flayoprotein always contained bound 
yitam in B12 in amounts of about 20 gig. per gram of protein determ ined  
m icrobiologically w ith E. gracilis and O. malhamensis. V itam in Bj2 was 
not released by prolonged dialysis at pH yalues betw een 3.0 and 8 .6 , 
but only after autoclaving at higher temperaturę. In order to ascertain  
w hether yitam in B12 is bound w ith  the flayoprotein, or w hether the B12-  
-protein  с о т р іе х  is on ly  an impurity, the flayoprotein preparation was 
subm itted to zone electrophoresis in  free solution stabilized w ith sucrose 
at pH 5.0 in 0.05M-acetate buffer. The result of the separation is pre- 
sented in Fig. 3. A fter 19 hr. of electrophoresis at a potential gradient

Fig. 3. E lectrophoretic separation  of the purified flayoprotein in sucrose-density  
g rad ien t electrophoresis a t pH 5.0. Fractions of 1.5 ml. w ere assayed for extinction  ( • ) ,  
a t 280 mg; (O), a t 450 mg; and (Д), for their y itam in B i 2  content. Sample, 25 mg. 
p ro tein  in 1 ml. w as applied; tim e 19 hr. a t 400 V. and 12 mA. M igration was 

from  higher to low er sucrose gradient (ascending boundary).

of about 4 v/cm . the yitam in B12-protein со т р іех  w as separated from the 
flayoprotein. The yitam in B i2 со т р іех  moved toward the anodę as 
a sharply defined band faster than the flayoprotein, w hereas free 
yitam in B12 under these conditions moved toward the cathode. These 
findings show that yitam in B 12 combined w ith a specific protein forms 
a very  slight im purity of flayoprotein.
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Starch gel electrophoresis. E lectrophoretic separation on starch gel 
over the rangę o f pH 4.0 to 8.6 showed hom ogeneity of the flavoprotein  
regardless o f the naturę o f the buffer Solutions. The tests w ere carried 
out in ѵегопаі, tris-HCl and acetate buffer Solutions at 0.05 м-concentra-
tion. In all o f these buffers flavoprotein m igrated to the anodę as
a hom ogeneous band. Exam ples o f separation at pH 5.0 and 8.5 are 
illustrated in Fig. 4; at pH 8.5 rat serum albumin moved toward the

Fig. 4. S tarch  gel electrophoresis of the purified  
flavoprotein. (a), 0.05 м-ѵегопаі buffer, pH  8.5;
(b), 0.05 м -aceta te  buffer, pH  5.0. Time, 9 hr. 
a t 5 V./cm. and 4.5 mA. Alb., ra t serum  album in 
m igration at pH 8.5 in the sam e conditions as 

for flavoprotein.

anodę more slow ly than the flavoprotein. The results show that the 
isoelectric point of flavoprotein m ust be below pH 4.5. Under these 
conditions apoprotein exhibited the same electrophoretic m obility as 
flavoprotein com pletely saturated w ith riboflavin.

Sedim entation in sucrose-density  gradient. Prelim inary determ ina­
tions of sedim entation of flavoprotein [24] gave a homogeneous, sym - 
m etrical peak, and indicated a m olecular w eight o f about 37 000 in  
phosphate buffer o f pH 7.0 and ionic strength 0.2. This result is in  
agreem ent w ith  the m inim um  m olecular w eight o f about 36 000 which  
was calculated on the assumption that 1 mg. o f com pletely saturated  
protein contains 10 Mg. of flavin. Further studies on the sedim entation  
of flavoprotein were performed by sucrose-gradient ultracentrifugation. 
A sam ple of flavoprotein w ith  m axim um  riboflavin content (10.5 м-g./g. 
protein) was dissolved in 0.05M -tris-HCl buffer, pH 7.0, and dialysed  
against the same buffer for 20 hr. Then 100 м-l. of 0.5 to 3.0% flavoprotein  
solution containing standard proteins was layered over the sucrose gra­
dient in lusteroid ultracentrifuge tubes which w ere placed in a precooled  
sw inging bucket rotor. Воѵіпе Ііѵег catalase (Light & Co., England) and 
horse H b 0 2 were used as standards. Catalase was assayed on the basis 
of the drop in extinction  o f hydrogen peroxide at 240 mu [22], and H b02 
by m easuring extinction at 417 mu. Centrifugation was carried out at 
38 000 to 39 000 r.p.m. for 8 to 11 hr. at 2°. The bottom of each tube 
was punctured w ith a device sim ilar to the one described by Szybalski 
[33], and 52 fractions were collected. Each tube yielded  365 to 369 drops. 
The fractions were collected into 1 m l. glass tubes and each fraction  
was exam ined for standard proteins and bound riboflavin [37]. Apopro­
tein was centrifuged in the same w ay, and its presence in the different 
fractions was determined at 280 mu.
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The flavoprotein was located betw een fractions nos. 31 through 50 
with the peak at the tube no. 42 (Fig. 5). By comparison of the sedim en- 
tation of the flavoprotein with the sedim entation of standard proteins 
(catalase and H b 0 2) a relative sedim entation coefficient was calculated. 
This value for the flavoprotein (S20) was 3.1, which corresponds to a m o- 
lecular w eigh t of about 36 500. This result is a mean value of several 
determ inations at different concentrations of flavoprotein and apopro- 
tein betw een 0.5 and 3°/o and approaches the values obtained by means 
of the analytical ultracentrifuge and calculated on the basis of ribo- 
flavin content in com pletely saturated flavoprotein.

Fig. 5 Sedim entation of flavoprotein and apoprotein in sucrose-density  gradient. 
100 ці. of the sam ple in 0.05 м -tris-H C l buffer, pH 7.0, containing 0.5 mg. flavo- 
protein or 3  mg. apoprotein, was layered over sucrose grad ien t and centrifuged 
a t 39 000 r.p.m . a t 2° for 8.1 hr. F ractions of the grad ien ts w ere collected as
described in the  tex t and analysed for riboflavin content (---------) or by extinction

at 280 т ц  (--------- ).

Further properties of flauoprotein. Pure flavoprotein is a yellow  pow- 
der, readily soluble in water and in salt Solutions оѵег a wide rangę 
of pH. In neutral solution it is highly stable to’ heating; boiling for 
30 min. does not precipitate it from solution or cause dissociation of 
flavin. Flavoprotein com pletely saturated with riboflavin contains 13% N,
0.2% P and 8% hexoses calculated as galactose. The hydrolysate of fla- 
voprotein does not contain aminosugars, pentoses or ketoses. Prelim i- 
nary studies on the identification of the sugar com ponent indicate pre­
sence of 16 m olecules of galactose to each m olecule of protein.

The amino acid composition of the pure flavoprotein was kindly 
determ ined by Dr. A. Akeson, Stockholm, according to the procedurę of 
Moore, Spackm an & Stein, using an automatic amino acid analyser. 
In 20 and 70 hr. hydrolysates of the preparation, 17 amino acids were
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found, o f which glutam ic acid, aspartic acid and serine w ere present 
in greater amounts. A prelim inary study of the terminal amino acids was 
also performed. Determ ination of N-term inal amino acids w as carried 
out by the l-fluoro-2,4-dinitrobenzene (FDNB) method of Sanger & 
Thompson [31]. The D N P-derivative of flayoprotein showed presence 
only of a-m ono-D N P-arginine in the aąueous phase. No significant amount 
of any o f the amino acids was found in the ether phase. The C-term inal 
amino acids were determined by the method of hydrazinolysis described  
by Biirgi & Schmid [4] and the results showed that it is probably tyro- 
sine. Fuli data on the amino acid composition of flayoprotein w ill be 
reported in a separate com munication.

When added to the synthetic medium for L. casei, flayoprotein did 
not stim ulate the growth of the microorganism. A growth response was 
obtained, howeyer, if the с о т р іе х  was first heated at 105° for 30 min. 
at pH 4.5 and the solution then adjusted to pH 6.8 and centrifuged [37]. 
Growth of the organism assessed on the basis of the amount of lactic 
acid produced, w as proportional to the amount of decomposed flayo­
protein added (Fig. 6). It can be calculated from the curve that one mg.

Fig. 6 . M icrobiological estim ation of ribo- 
flavin in flayoprotein w ith  L. casei. S am ­
ples of flayopro te in  w ith concentrations 
as indicated w ere heated  a t pH 4.5, 105°, 
for 30 min., neu tralized  and assayed as 
described in M ethods; (# ), heated  sam ples,

(O), unheated  samples.

of the protein со т р іех  contains 6.4 м-g. of riboflavin, which is in good 
agreem ent w ith the results o f spectrophotom etric assay for native flayo­
protein showing 6.5 iu.g. of riboflayin  per mg. o f protein.

Prosthetic group of flauoprotein.  Flavin released and isolated from  
native flayoprotein by filtration on Sephadex at pH 3.0 or by phenol 
extraction (see Methods) was identified as free riboflayin. The identifi- 
cation o f riboflayin was made by absorption spectra, paper electropho- 
resis and paper chromatography. The spectrum of the isolated flavin  w as  
that of riboflayin w ith т а х іт а  at 266, 373 and 445 mii in neutral solution. 
The т а х і т и т  fluorescence absorption at 373 ir.ii of exciting light, was 
530 mu. The infrared spectrum w as essentially  that of synthetic ribo­
flayin, show ing characteristic absorption bands at freąuencies 1248, 
1181, 1080 and 851 cm.-1 .

[9]
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Fig. 7 shows the electrophoretic patterns of isolated flavin  in 0.05 m- 
-acetate buffer o f pH 5.1, and 0.05M-phosphate buffer of pH 8.0 [5]. 
In both buffers the spots of the studied flavin and of the standard m oved  
toward the cathode. Under these conditions FMN and FAD m oved either  
toward the cathode (pH 8.0) or toward the anodę (pH 5.1). The R f  values

Fig. 7. Paper electrophoresis of flavin. W hatm an 
no. 1 paper, (37 X 4 cm.), 480 Volts fo r 8  hr. (a), 
in 0.05 м-acetate buffer, pH 5.1; (b), in 0.05 m- 
-phosphate buffer, pH 8.0. (1), Sam ple; (2), s ta n ­

dard  of riboflavin.

in two different solvents (Table 1), of the tested and standard riboflavin  
were in agreem ent. FMN and FAD under these conditions exhibited  
much higher partition coefficients. When a larger amount of the tested  
substance was separated in solvent A  on Whatman no. 3 MM paper, in 
addition to the spot corresponding to riboflavin, a weak spot showing  
yellow  fluorescence w ith Rf  0.63 was obtained, which did not correspond  
to any of the known flavin  derivatives. Its identification w ill be possible 
after larger amounts o f the preparation have been obtained.

T a b l e  1

P aper chromatography of flavin isolated from  purified flavoprotein

Conditions: W hatm an no. 1 paper, ascending techniąue. Solvent A, isoam yl alcohol 
sa tu ra ted  w ith  w a te r  [14]; solvent B, 5% N a2H P 0 4 [16]. Localization of spots in UV.

Flavin
RF

Solvent A Solvent В

FAD 0 .8 6 0.41
FMN 0.81 0.58
Riboflavin 0.37 0.29
Isolated flavin 0.39 0.28

Spectral properties  of the flauoprotein. The absorption spectrum  of 
flavoprotein com pletely saturated with riboflavin is shown in Fig. 8 . 
Three absorption m axim a at 276, 375 and 457 - 459 mu and a shoulder 
at 485 mi* m ay be seen. The absorption bands at 375 and 458 mp were 
shifted toward the longer w avelengths in relation to free riboflavin. 
The ratio o f the extinction at 276 mu to that at 458 mg was 6.5. The 
apoprotein exhibited only one maximum at 280 тм- with an extinction  
coefficient about 45% lower than that of the flavoprotein.
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The infrared absorption spectra o f flayoprotein and apoprotein are 
illustrated in Fig. 9. Apoprotein exhibited absorption bands at freąuencies  
characteristic of most proteins: at 1110, 1390, 1450, 1540 and 1670 cm .- 1  [6].

Fig. 8 . A bsorption spectra of the purified  flavoprotein  sa tu ra ted  w ith  riboflavin, 
in 0.05 м-N a-phosphate buffer a t pH 7.0. P ro te in  concentrations w ere 3.0 and 1.0 mg. 

per 1 ml. respectively, for the visible and u ltrav io let regions.

In addition, in the band at about 1050 cm .- 1  there w as a w ide peak, 
presum ably attributable to the sugar com ponent bound w ith  protein. 
Absorption in this rangę was m ainly due to С— O stretching and the  
O—H bending yibrations at the sugar-protein linkage [13]. The spectrum  
of flayoprotein differed from the one described m ainly in showing w ider

Fig. 9. In frared  spectra of flavoprotein 
( 1 0  gg. riboflavin per mg. protein) and of 

apoprotein ru n  in K B r pellets.

peaks at 1670 and 1540 cm.-1 , which m ight be due to the presence of 
riboflavin, which gives strong absorption in this region [30]. Also the 
peak at about 1050 cm .- 1  was wider, w hich m ight be due to ribitol as 
a component of riboflayin [2]. Могеоѵег, the spectrum of flayoprotein,
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at ѵагіапсе w ith that of apoprotein, oontained a smali peak at about 
1170, a distinct peak at 1460, and a lowered peak at 1390 cm.-1 .

Fluorescence properties.  In Solutions of pH 4.0 to 8.5 flayoprotein  
did not exhibit fluorescence in ultraviolet light and caused ąuenching  
of the fluorescence o f riboflayin until it became com pletely saturated  
w ith the yitam in [26]. The breaking point of the titration curve of ribo­
flayin  w ith  apoprotein solution w as relatively  sharp at pH 7.0, so that 
the point of total saturation of flayoprotein w as easily obtained. The 
quantitative interpretation of the results of fluorometric titration is in 
good agreem ent w ith  the results of spectrophotometric, microbiologic 
and polarographic determinations (see below), indicating that one m ole­
cule o f protein binds one m olecule o f riboflayin. The course of the 
fluorom etric titration curve also shows that flayoprotein underwent slow  
dissociation to riboflayin and apoprotein. The calculated value of the 
dissociation constant of flayoprotein at pH 7.0 and 23.5° was 2.65 х 10-9  м 
[24] showing that flavin  is very strongly bound by protein.

Polarographic studies. During the experim ents on the properties of 
flayoprotein  it was found that riboflayin after binding with the protein  
loses its reducing ability on the dropping electrode. Furthermore, the 
stoichiom etry of the reaction riboflavin-protein can be easily follow ed  
by polarographic titration of riboflayin, sińce cathode diffusion current

Fig. 10. Polarogram s of the eathodic cu rren t of riboflayin in the presence of apo­
protein . In 2 ml. of 0.05M -Na-phosphate buffer, pH 7.0, 0.21 g,moles of riboflayin 
w as p resen t and appropriate  am ounts of apoprotein w ere added, by m eans of an 
Agla m icroburette . A bout 2 0 0  ml. of n itrogen was passed through the solution, tracę  
of silicone (Dow Corning Co., USA) was added as an antifoam  agent, and the 
solution was polarographed 5 min. afte r adding the apoprotein solution. A poprotein 

added: (1), 0; (2), 1.2 mg.; (3), 2.4 mg.; (4), 4.0 mg.

in neutral solution is directly proportional to the concentration of the 
substance reduced in the solution [21]. A typical set o f polarographic 
curves o f riboflayin after adding different amounts of apoprotein at 
pH 7.0 is illustrated in Fig. 10. In proportion to saturation of riboflayin  
w ith  increasing amounts of apoprotein in the polarographic celi, the 
height o f the polarographic w ave diminished, w hile the halfwaye po-
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tential remained unchanged (-0.47 V). After an equivalent amount o f  
apoprotein had been added, the riboflavin wave disappeared altogether. 
From the decrease of the diffusion current of riboflavin after adding 
appropriate amounts of apoprotein the amount of riboflavin-binding sites  
could be calculated. It was found that one mg. of apoprotein com bines 
with 10 м-g. o f riboflavin, which gives the molar ratio of protein to fla -  
vin as 1:1.

DISCUSSION

From the findings of Rhodes et al. [28] and from the presented resu lts  
it can be concluded that flayoproteins isolated from egg protein are 
specific compounds w ith riboflavin as a prosthetic group. Their physico- 
-chem ical properties, stability in Solutions of d ifferent pH, resistance to 
heating, and the dissociation constant of the со т р іе х  indicate a very  
strong linkage betw een protein and flavin. The aforem entioned authors 
also showed that riboflavin can replace FMN and FAD in com binations 
w ith apoprotein from egg white [28], which possesses properties very  
similar to those of the preparation herein described.

Like other flavoproteins, flavoprotein from egg yolk com pletely  
ąuenches fluorescence of riboflavin and causes a shift of the absorption  
bands o f riboflavin from 373 and 445 mu toward longer w avelengths. 
The bond with apoprotein also abolishes the reducing ability o f ribo- 
flavin on the dropping electrode. This property of flavoprotein is pro- 
bably due to the form ation o f several linkages betw een the isoalloxasine  
ring and the protein m olecule, as it was shown by several authors 
[20, 36, 35, 28].

The isolated flavoprotein appears to be a hom ogeneous glycoprotein  
with a m olecular w eight of about 36 000 - 37 000 and isoelectric point 
at acid pH. N ative flavoprotein is saturated w ith  riboflayin only to 
60 - 70%, as determined m icrobiologically, fluorom etrically and polaro- 
graphically. It should be m entioned that the state of saturation w ith  
riboflavin of the flavoprotein is not due to a loss of flavin  during puri­
fication, and that both forms, flavoprotein and apoprotein are present 
in eąuilibrium  under natural conditions in the livetin  fraction of yolk  
proteins. W hen all the binding sites are saturated w ith riboflavin, the 
т а х і т и т  content of flavin  is about 1%, which corresponds to a m olar 
ratio of flavin  to protein of 1 :1.

The biological role of riboflavin flavoproteins is unknown. T hey  
represent a system  sim ilar to the avidin-biotin с о т р іе х  in the egg  
white o f hen, and are probably a storage form of yitam in B2 for the  
deyeloping embryo.
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The authors wish to express their gratitude to Professor J. Supniew - 
ski and Dr. J. Vetulani for the use of the infrared spectrometer.

SUMMARY

From the w ater-soluble fraction of proteins of hen egg yolk a flavo-  
protein w ith  free riboflayin as a prosthetic group was isolated. The flayo­
protein was purified by ammonium sulphate fractionation, and repeated  
chrom atography on DEAE-cellulose. This protein appeared hom ogeneous 
in ultracentrifugal and electrophoretic analyses оѵег a pH rangę from  
4.0 to 8.5, and in determinations of N -  and C-term inal amino acids. The 
m olecular w eight o f 36 000 to 37 000 was obtained from sedim entation  
in sucrose-density gradient and calculated on the basis of the riboflayin  
content. The riboflayin content was about 1%. The m olar ratio of ribo­
flayin  to protein was 1:1. The flayoprotein does not fluoresce in UV  
and abolishes the reducing ability of riboflayin on the dropping electrode. 
The Chemical com position o f flayoprotein is: 13°/o N, 0.2°/o P and 8%  
hexoses. Protein  free of riboflayin can be obtained by filtration on  
dextran gel at pH 3.0.

R E F E R E N C E S

[1] Bayly R. J., Bourne E. J. & Stacey M. - Naturę  168, 510, 1951.
[2] Blout E. R. & Fields M. - J. Biol. Chem. 178, 335, 1949.
[3] B ritten  R. J. & Roberts R. B. - Science  131, 32, 1960.
[4] Biirgi W. & Schmid K. - J. Biol. Chem.  236, 1066, 1961.
15] C erletti P. & S iliprandi N. - Biochem. J. 61, 324, 1955.
[6 ] Cook E. S., K reke C. W., Barnes E. B. & Motzel W. - N aturę  174, 1144, 1954.
[7] C ram er R. & Svensson H. - Experientia  17, 49, 1961.
[8 ] Dubois М., Gilles K. A., H am ilton J. K., Rebers P. A. & S m ith  F. - Anal.

Chem.  28, 350, 1956.
[9] Fiske С. H. & Subbarow  Y. - J. Biol. Chem. 6 6 , 375, 1925.

110] F lodin Р., D extran  Gels and their Applications in Gel Fil tration,  p. 35, P h a r­
m acia, U ppsala (Sweden) 1962.

[11] Ford J. E. - Brit. J. Nutrition  7, 299, 1953.
[12] G ardell S. - A cta  Chem. Scand. 7, 207, 1953.
[13] Goulden J. D. S. - Naturę  177, 85, 1956.
[14] Hais I. M. & M acek К., Рарігоѵа Chromatografie,  p. 632, Ceskoslovenske A ka­

demie Ved, P raha  '1959.
[15] H u tner S. М., Bach М. K. & Ross G. I. M. - J. Protozool.  3, 104, 1966.
[16] K ilgour G. L., Feliton S. P. & H uennkens F. M. - J. A m . Chem . Soc. 79,

2254, 1957.
[17] K ing J. S., F ielden M. L. & Boyce W. H. - Arch. Biochem. Biophys. 95, 

424, 1961.
[18] K irk  P. L., Q uantita tive  Ultramicroanalysis,  p. 287, John W iley & Sons, New 

York, 1950.
[19] K olthoff I. M. & Lingane J. J. - Chem. Rev.  24, 1, 1939.
[20] K uhn R. & Rudy H. - Ber. 69B, 2557, 1936.

http://rcin.org.pl



[15] RIBOFLAYIN FLAYOPROTEIN FROM EGG YOLK 441

[21] L ingane J. J. & D avis O. L. -  J. Biol. Chem.  137, 567, 194,1.
[22] M artin R. G. & A m es B. N. - J. Biol. Chem. 236, 1372, 1961.
[23] O strow ski W. - Acta Microbiol. Polon. 3, 35, 1954.
[24] Ostrow ski W. & K raw czyk A. - A cta  Chem. Scand. 17, 241, 1963.
[25] Ostrow ski W., Skarżyński B. & Żak Z. - Acta  Biochim. Polon. 1, 13, 1954.
[26] Ostrow ski W., Skarżyński B. & Żak Z. - Biochim. Biophys. A c ta  59, 515, 1962.
[27] Partridge S. M. - N aturę  164, 443, 19*49.
[28] Rhodes М. B., B ennett N. & F eeney R. E. -  J. Biol. Chem. 234, 2054, 1959.
[29] Roberts E. G. & Snell E. E. - J. Biol. Chem. 163, 499, 1946.
[30] R osenkrantz H. in Methods of Biochemical A nalys is  (D. G lick, ed.) p. 407, 419, 

vol. 5, Interscience Publishers, N ew  York & London, 1957.
[31] Sanger F. & Thom pson E. O. P. - Biochem. J. 53, 353, 1963.
[32] Sm ithies O. - Biochem. J. 61, 629, 1955.
[33] Szybalski W. - E xperientia  16, 164, 1960.
[34] T heorell H. - A dvanc.  E nzym ol.  20, 31, 1958.
[35] T heorell H. & Nygaard A. P. - A cta Chem. Scand. 8, 1649, 1954.
[36] W eber G. - Biochem. J. 47, 1114, 1950.
[37] W egner М. I., K em m erer A. R. & Fraps G. S. - J. Biol. Chem.  146. 547, 1942.
[38] W hitby L. G. - Biochem. J. 54 , 437, 1953.
[39] Yagi K. - J. Biochem. (Tokyo)  38, 161, 1951.

OCZYSZCZANIE I WŁASNOŚCI RYBOFLAWINOWEGO FLAW OPROTEIDU 
ROZPUSZCZALNEJ FRA K C JI ŻÓŁTKA JA JA

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

Z rozpuszczalnej frakcji białek  żółtka ja ja  kury  otrzym ano flaw oproteid  z w olną 
ryboflaw iną jako grupą prostetyczną. F law oproteid  oczyszczono przez frakcjonow a­
nie siarczanem  am onu oraz chrom atografię na DEAE-celulozie. P ro te id  je st jedno ­
rodny w u ltraw irów ce i podczas elektroforezy na żelu skorbiow ym  w zakresie 
pH  od 4.0 do 8.5; jednorodność p rep a ra tu  potw ierdzono również przez oznaczenie 
am inokw asów  końcowych. Ciężar cząsteczkowy oznaczony na podstaw ie sedym en­
tacji w  gradiencie sacharozy oraz zaw artości ryboflaw iny wynosi 36 000 do 37 000. 
Zaw artość ryboflaw iny wynosi ok. 1%. M olarny stosunek ryboflaw iny do b ia łka  jest 
jak  1:1. F law oproteid  nie fluoryzuje w św ietle pozafiołkowym  i pow oduje u tra tę  
zdolności redukcji ryboflaw iny na elektrodzie kroplow ej; zaw iera on 13% N, 0.2% P 
i 8% heksoz. A poproteid w olny od ryboflaw iny można otrzym ać przez filtrac ję  
na żelu dekstranow ym  przy pH 3.

Receiyed 1 Ju n e  1963.
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In the previous com m unication [4] w e reported that a compound w ith  
strong basie properties was found as one of the products of hydrolysis  
of basie peptides which were obtained by hydrazinolysis of conglutin  /?. 
This compound in neutral or w eakly alkaline Solutions was decom posed  
into ornithine and its lactam, /d-aminopiperidon, the latter compound  
being identified by direct comparison w ith  the ornithine lactam obtained  
by the method of Fischer & Zem plen [2]. This method, to our know ledge  
the only one reported in the literaturę, does not give a high yield  o f the 
product and offers no inform ation concerning the transition products; 
/?-aminopiperidon is characterized on ly  as its hydrochloride and chloro- 
platinate. No data w ere found on the behaviour of /?-aminopiperidon in  
aąueous Solutions, or on the eąuilibrium  betw een ornithine and its lac­
tam, which m ay be of biological importance. Recently van der Horst [3] 
reported the presence of /З-am inopiperidon in the liąuid from the rum en  
of cattle, and found that this compound was formed also w hen ornithine  
was heated w ith water, ammonia, or O .lN-sodium  hydroxide.

As the method of Fischer & Zem plen is not entirely satisfactory, 
a more convenient m ethod of synthesis of /З-aminopiperidon was sought. 
The finał procedurę consists in neutralization of salts of ornithine m ethyl 
ester by sodium m ethoxide, and gives a quantitative yield  of /?-amino- 
piperidon. The details o f the procedurę are given under Synthetic pro- 
cedures. Еѵегу step of the synthesis was checked by high-voltage paper 
electrophoresis and IR spectra. We found that during the saturation of 
ornithine in m ethanol w ith dry hydrogen chloride the dichloride of orni­
thine m ethyl ester w as formed. It w as an amorphous compound, m.p. 
192 - 194° (decomp.). It exhibited greater electrophoretic m obility than

[443]
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ornithine and /?-aminopiperidon (Fig. 1), resembling one of the produets 
obtained by hydrolysis of peptides from hydrazinolysis of conglutin /? [4].

The infrared spectrum  of dihydrochloride of ornithine m ethyl ester 
(Fig. 2) shows the m axim um  absorption of the ester group at 1765 cm.-1

- f  Start __

Fig. 1. P aper electrophoresis in pyridine buffer, pH 5.9; 80 v/cm.; 1 hr. (A), 1, 
O rnith ine; 2, /?-am inopiperidon; 3, ornithine m ethyl ester. (B), S tandard  m ix tu re  
of am ino acids: a, aspartic  acid; b, glutam ic acid; c, histidine; d, arg in ine; e, lysine;

f, ornithine.

Fig. 2. IR  spectrum  of dihydrochloride of ornithine m ethyl ester in KBr disc.

and со т р іе х  bands of r +NH3 X in the region of 3200 - 2600 cm.-1 , and
a band at about 2000 cm.-1  which according to Cabana & Sandorfy [1] 
is a с о т р іе х  band derived from <5+NH3 (wagging).

As it could be anticipated, ornithine m ethyl ester can ex ist only as 
a dihydrochloride. In w eakly alkaline aąueous solution it is in part im - 
m ediately condensed to /З-aminopiperidon and in part hydrolysed to 
ornithine.

i[2]
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To transfer the dihydrochloride of ornithine m ethyl ester ąuantita -  
tively  into /?-aminopiperidon a stoichiom etric amount o f sodium m eth o- 
xide for 2 m oles o f HC1 w as added. The reaction was carried out in dry 
methanol. /?-Aminopiperidon appeared to be a crystalline compound 
(m.p. 42°), very hygroscopic, and turning yellow  on storage. It can be  
kept w ithout decom position in vacuum in a sealed tube. /?-Aminopiperi- 
don could be purified by yacuum  distillation (b.p. 185 - 190° at 0.1 mm. 
Hg pressure).

IR spectrum of the free /?-aminopiperidon (Fig. 3) shows the presence 
of associated NH 2 group (2 bands in the region of 3200 cm.-1 ) and the  
carbonyl o f lactam group (band at 1650 cm.-1 ).

Fig. 3. IR spectrum  of /?-aminopiperidon (film). The P erk in-E lm er infracord w as  
used and the positions of som e bands w ere additionally  checked on TJR-10 Zeiss

spectrophotom eter.

/?-Aminopiperidon w as also obtained by thermal dehydration o f orn i­
thine at 185° at the pressure o f 0.1 mm. Hg, w ith  the y ield  of about 40% .

/?-Aminopiperidon saturated in m ethanol w ith  dry hydrogen chloride 
was transferred quantitatively and very easily into dihydrochloride o f  
ornithine m ethyl ester.

The above-m entioned reactions are summarized in the schem e 1. 
It indicates that the most favourable grouping leading to the formation  
of N (5) — C =  0  bond is ó-amino group and esterified сагЬохуІіс group. 
Alcoholic oondensation of ornithine ester in anhydrous medium leads to 
formation o f pure /?-aminopiperidon, w hile in w ater solution a large part 
of ornithine appears sim ultaneously. Free carboxyl group also shows 
a tendency to condensation w ith  /?-amino group but higher tem peraturę  
is then required. The very fast alcohololysis of /?-aminopiperidon in the 
presence o f dry hydrogen chloride indicates the attenuation of the lactam  
bond after protonization o f tw o nitrogen atoms.
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The obtained data suggested that in the aąueous Solutions o f (5-am ino- 
piperidon an eąuilibrium  between /?-aminopiperidon and ornithine should  
<exist. This eąuilibrium  and the rate of its formation should depend on pH 
of the solution. To provide some experim ental basis for these theoretical 
considerations w e made several prelim inary electrophoretical obseryations 
on the aąueous Solutions of ornithine and /?-aminopiperidon.

/?-Aminopiperidon, 10 mg., was dissolved in 1 ml. of the follow ing sol- 
yents: 0.1 n-HCI; 0.02 n-HCI; water; 0.1 N-NaOH; 0.02 N-NaOH; 2 N-NaOH. 
Ornithine, 10 mg., was dissolved in 1 ml. of the following solvents: water +  
2 eq. of HC1; water +  1 eq. of HC1; water; 0.1 n-NrOH. These samples 
w ere kept for 7 days at 20°, then heated to 50° for 20 hr. and to 60° for 
20 hr. The electrophorograms in pyridine buffer, pH 5.9, 80 v/cm ., were 
made еѵегу 10 hr. It was found that: (1), /S-aminopiperidon is hydrolysed  
y irtu a lly  com pletely in alkaline solution (2 N-NaOH) as w ell as in acidic 
solution which is more acidic than the water solution of dihydrochloride 
of /?-aminopiperidon; (2), the eąuilibrium  ornithine /?-aminopiperidon 
is formed over the rangę of pH from about 3 to about 13; the greater is 
the pH, the more the eąuilibrium is shifted toward ornithine; (3), the 
rate of hydrolysis is greater than the rate of lactamization, and both 
processes are catalysed by hydroxyl ions. This is the reason w hy /?-amino- 
piperidon is formed more easily in the solution of ornithine in 0.1 N-NaOH 
than in the w ater solution or w ith the addition of 1 eq. of HC1. In the 
latter case the formation of /?-aminopiperidon is especially slow  but it 
seem s that the eąuilibrium  is shifted toward /?-aminopiperidon.

The above mentioned results prompted us to perform kinetic studies 
o f  the reaction ornithine /?-aminopiperidon, which w ill be presented  
in the next report.
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Synthetic  procedures

Dihydrochloride of ornithine m eth yl  ester. Ornithine dihydrochloride, 
2 g., was dissolyed in 25 ml. o f dry m ethanol and the solution w as satu­
rated w ith dry hydrogen chloride. The solvent was evaporated and the 
dry residue w as kept for 30 min. at 50° and 0.1 mm. Hg pressure. Then  
25 ml. o f anhydrous m ethanol was added and the saturation w ith dry 
HC1 was repeated. A fter evaporation of the solvent in vacuum a white  
amorphous hygroscopic substance was obtained in theoretical yield, m.p. 
192 - 194°. Calculated for C6H16N20 2C12: N, 12.78; Cl, 32.42; found: N, 
12.87; Cl, 31.92%.

Dihydrochloride of ornithine m eth y l  ester from  fi-aminopiperidon. 
/?-Aminopiperidon, 20 mg., was dissolyed in anhydrous m ethanol and 
the solution was saturated w ith dry hydrogen chloride. Then the solvent 
was eyaporated in vacuum  and the w hite residue was identified as dihy­
drochloride o f ornithine m ethyl ester by IR spectrum and electrophoresis.

fi-Aminopiperidon from  dihydrochloride of ornithine m e th y l  ester. 
Dihydrochloride of ornithine m ethyl ester, 200 mg., was dissolyed in 16 ml. 
of anhydrous m ethanol and 42 mg. of sodium dissolyed in m ethanol was 
added dropwise w ith yigorous stirring. The solyent was eyaporated in 
yacuum and the residue extracted w ith chloroform. The extract was 
eyaporated and /?-aminopiperidon was obtained in almost theoretical 
yield . It w as purified by distillation at 185 - 190° and at 0.1 mm. Hg 
pressure. The m elting point determined in a sealed capillary w as 42°.

fi-Aminopiperidon from  ornithine. Ornithine dihydrochloride, 205 mg., 
was dissolyed in 10 ml. of methanol, and 5 ml. m ethanolic solution of 
sodium (43 mg.) was added. The solyent was eyaporated in yacuum  and 
the residue extracted w ith chloroform. The chloroform was eya­
porated and the residue was distilled at 185° at 0.1 mm. Hg pressure, 
yield ing about 40% of /^-aminopiperidon which w as identified by IR 
spectrum  and electrophoresis.

SUMMARY

1. A new, very effectiye method of lactam ization of ornithine is 
described.

2 . The physical properties o f free /^-aminopiperidon w ere determined.

3. P relim in ary  ob seryation s w ere m ade on  th e  conditions and the rate  
of form ation  of the eąu ilib riu m  b etw een  orn ith in e  and /^-am inopiperidon  
in aąueous Solutions.
9
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O RÓWNOWADZE CHEMICZNEJ MIĘDZY ORNITYNĄ I JEJ LAKTAM EM

I . S Y N T E Z A  0-A M IN O P IP E R ID O N U  I  W S T Ę P N E  D A N E  O JE G O  Z A C H O W A N IU  S IĘ  
W  W O D N Y C H  R O ZTW O R A C H

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

1. Opracowano b. w ydajną m etodę laktam izacji ornityny.
2. Określono w łasności fizyczne w olnego /?-aminopiperydonu.
3. D okonano w stęp nych  obserw acji nad w arunkam i i przebiegiem  ustalania  

się  rów now agi: orn ityna- ^ -am inop ip erydon  w  w odnych roztw orach tych  zw iązków .

R eceiyed 17 June 1963.
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The presence o f a pectinolytic inhibitor in the juice o f pears w as 
reported by W eurman [5] in 1953. A sim ilar inhibitor w as described  
in 1958 by Bell et dl. [1] and Etchells et dl. [3] in the leaves of the grapę, 
which are occasionally em ployed by some producers of salted cucum bers 
as an anti-softening agent in the process of ferm entation. The softening  
of cucumbers during ferm entation is caused by m aceration of the tissue, 
which in turn is catalysed by the pectinolytic enzym e со т р іех , com - 
m only named pectinase (polygalacturonases and pectinesterases).

In this paper w e report the presence of the pectinase inhibitor in 
the leaves of the red currant as w e ll as in the leaves of other plants. 
An extrem ely active inhibitor has been found in some red currant 
varieties and the process o f its isolation and partial purification is 
described.

MATERIAŁ AND METHODS

Pectinase. A  commercial liąuid pectinase (Pectinex A. G. Basel, 
Switzerland), 0.3 ml., w as diluted w ith  distilled  w ater to 50 m l. The 
diluted enzym e solution should be prepared freshly for each series of 
determ inations.

Buffer solution. Citric acid, 3.53 g., and sodium hydroxide, 1.333 g., 
w ere dissolved in 1000 ml. o f distilled  water. The pH of the solution  
w as 5.0.

Sodium  polypectate .  Sodium polypectate (Sunkist Growers, Ontario, 
USA), 1.2 g., were dissolved in 100 ml. of the buffer solution previously  
warmed to 50°, and m ixed for 2 min. in a waring blendor. This solution  
m ay be kept in the refrigerator for several days.

Determination of enzym e actiuity and of inhibition. The viscosim etric  
method of B ell and Etchells [2, 4] w as em ployed w ith  the tim e of incuba- 
tion shortened from 2 hr. to 1 hr. Each assay consisted o f the follow ing  
3 determinations: (I), 1 ml. of the enzym e solution, 3 ml. w ater and 20 ml.

[449]
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of the polypectate solution; (II), 1 ml. of the enzym e solution, appro- 
priate amount o f the inhibitor, 20 ml. of the polypectate solution and 
w ater to 24 ml.; (III), 1 ml. of the heat-inactivated enzym e (15 min. at 
100°), 3 ml. o f water and 20 ml. of the polypectate.

The sam ples w ere w ell mixed and kept for 1 hr. at 30°. Viscosity  
was then measured in 10 ml. aliąuots and expressed in seconds reąuired  
for the flow  through the viscosimetric capillary pipette. From the loss 
in v iscosity  the pectinolytic units were read (Table 1) and the percent 
o f enzym e activity inhibition calculated.

Inhibition (%) =  ^ ———  = X  100 
A,

(Ai, pectinolytic units in the proper sample I; A2, pectinolytic units in 
the sam ple w ith  the inhibitor added, II).

Е хат ріе:  V iscosity  after 1 hr. incubation for the sam ple I w as 38 sec., for the 
sam ple II (w ith the inhibitor) 62 sec., for the sam ple III (with inactivated  enzyme), 
72 sec., and the y iscosity  of distilled w ater was 7 sec.

72 — 38
Ai = -------------- X 100 =  52.3°/o =  110 units

72 — 7

72 — 62
A 2 = -------------- X 100 =  15.4% =  19 units

72 — 7

110 — 19
Inhibition (%) =   X 100 =  82.7%

110

T a b l e  1

Conversion of losses in viscosity into pectinolytic units according to
Bell et al. [2]

Visc.
loss

(%)

Units Visc.
loss

(%)

Units Visc.
loss

(%)

Units Visc.
loss

(%)

Units Visc.
loss

(%)

Units

1 1 12 15 23 31 34 52 45 82
2 2 13 16 24 32 35 55 46 86
3 3 14 17 25 34 36 57 47 90
4 4 15 18 26 36 37 60 48 93
5 6 16 20 27 38 38 63 49 96
6 7 17 22 28 40 39 65 50 100
7 8 18 23 29 42 40 68 55 122
8 9 19 25 30 44 41 71 60 146
9 10 20 26 31 46 42 74 65 182

10 12 21 28 32 48 43 77 70 225
11 13 22 29 33 51 44 80 75 280
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RESULTS AND DISCUSSION

The follow ing extracts from fresh leaves were inyestigated for the 
presence of the pectinase inhibitor: 12 varieties of grapes, 17 varieties  
of currants (black, w hite and red) from the Plantation in Warka, 
4 varieties of raspberries from the Institute of Horticulture in Skiernie­
wice, as w ell as leaves from w ild growing plants such as horse radish, 
oak, mapie tree, piane tree, sorb tree, m ulberry, w illow  and horse 
chestnut. On the basis of results obtained, the variety “H eros” of the 
red currant was selected for further work. The “Houghton C astle” red 
currant and the “Seed ling” variety of the raspberry have also shown  
high inhibitor actiyity in their leaves.

Preparation and purification of extracts containing the inhibitor. 
Fresh leaves harvested in August, 40 g., w ere washed w ith tap water, 
air dried, cut into sm ali strips and hom ogenized w ith 533 m l. of 
anhydrous ethanol for 3 min. The hom ogenate was filtered through  
a double layer of gauze and centrifuged for 10 min. at 3000 r.p.m. The 
supernatant w as then concentrated under reduced pressure in a dessi- 
cator immersed in a hot water bath. The w eight o f the dry preparation, 
contaminated w ith fats, w axes and chlorophyll w as eąual to 4 g., 
amounting to 27.7°/o of the total dry w eight o f the leayes. One g. o f this

Fig. 1 Fig. 2 F ig. 3

Fig. 1. E ffect o f red currant leaves preparation A  on pectinase actiy ity .
Fig. 2. E ffect o f (O ), alcohol pre-treated  ex tract and (# ) ,  direct w ater  extract 

from m aturę red currant leaves on pectinase actiy ity .
Fig. 3. E ffect of (O ), alcohol pre-treated  extract and ( • ) ,  direct w ater extract 

from young red currant leaves on pectinase actiy ity .

preparation (A ) was then suspended in 133 ml. of distilled  water and 0.1, 
0.3, 0.5 and 1 ml. o f the solution w ere assayed for pectinase inhibition. 
The results (Fig. 1) demonstrate the effect o f the inhibitor in yarious 
concentrations upon pectinase actiyity. It is eyident that the inhibitor 
is easily soluble in ethanol and in w ater and that preparation A  show s 
considerable inhibiting actiyity. Ethanol extracts from leayes are more
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active than extracts prepared directly with distilled water (Fig. 2). This 
was demonstrated on very young leaves harvested in May. Fresh leaves, 
20 g., were cut lengthw ise into eąual halves; 10 g. w ere extracted  
directly w ith  133 ml. of distilled water and the other 10 g. w ere treated  
w ith 133 ml. o f anhydrous ethanol as above and the dry m atter then

Fig. 4 Fig. 5

Fig. 4. E ffect on pectinase activity of preparations from red currant leaves at
concn. 2 - 2 0  ng./ml.

Fig. 5. E ffect on pectinase activity of preparations from red currant leaves at
concn. 0.04 - 2 itg./ml.

extracted w ith  133 ml. of distilled water. The inhibition curves are 
shown in Fig. 3. Therefore, in all further work alcohol extraction has 
been em ployed.

iPreparation A  has been used for further purification. The materiał, 
1.5 g., was extracted in the Soxhlett apparatus for about 4 hr. w ith  
chloroform and a preparation free of fats, w axes and chlorophyll has 
been obtained (B). The dry w eight of preparation В was eąual to 1.145 g.; 
1 g. of В was then suspended in 100 ml. of distilled water, centrifuged  
for 10 min. at 3000 r.p.m., the supernatant evaporated under reduced  
pressure as above and 0.82 g. of a water-soluble preparation С has been  
obtained. The dry weight proportions of preparations A:B:C  w ere  
100:76:62, and w hen the above proportions (25:19:15 mg., respectively, 
per 40 ml. o f water) were applied for the assays no significant 
differences of pectinase actiyity inhibition could be detected.

A very useful obseryation was then made, nam ely that the inhibitor 
could be precipitated w ith neutral lead acetate. Therefore, 1.6 g. o f the 
preparation С was dissolyed in 100 ml. of water and precipitated w ith  
50 ml. of a 1% solution of lead acetate. The precipitate w as collected  
by centrifugation (10 min. at 3000 r.p.m.), washed w ith  10 ml. of a 0 .1%  
solution of lead acetate and centrifuged again. The precipitate w as then  
treated w ith 25 ml. of 0.1 N-H9SO4 and adjusted to pH 7.0 w ith  a 2% 
solution of barium hydroxide. Barium sulphate w as centrifuged o ff and 
the supernatant concentrated under reduced pressure as aboye and
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0.50 g. of powder w as obtained (preparation Pb), amounting to 31% of 
dry w eight o f the preparation C. W hen the tw o preparations were 
assayed in the above m entioned proportions there w ere no significant 
differences in pectinase inhibition, thus show ing that the lead acetate 
treatm ent caused a further threefold purification o f the inhibitor pre­
paration.

T a b l e  2

Inhibition of pectinase ac t iv i ty  on fractional precipitation w ith  neutral
lead acetate

Preparation C, 5 g .( d issolved  in 300 ml. of w ater w as subm itted to lead  acetate  
fractionation. For inhib ition  assays, the incubation m ixture contained 10.4 p,g./ml.

of the preparation.

Fraction
no.

Dry weight 
(mg.)

Inhibition
(%)

1 635 68
2 375 65
3 180 51
4 193 39
5 95 18

Fractional precipitation w ith  lead acetate was tried next. Prepara­
tion C, 5 g., was dissolyed in 300 ml. o f w ater and the inhibitor precipi- 
tated w ith  50 ml. o f a 1% solution of lead acetate (1/3 of the amount 
reąuired to precipitate all lead acetate-insoluble substances). The preci- 
pitate w as treated as described previously and 0.635 g. of 
dry powder was obtained (preparation Pb-1). The supernatant from  
Pb-1  w as again precipitated w ith  25 ml. o f the lead acetate solution  
and on further treatm ent as above 0.373 g. of Pb-2  w as obtained. Frac­
tional precipitation w as continued from the respective supernatants 
three more tim es and 0.180 g. of Pb-3, 0.193 g. of Pb-4  and 0.095 g. of 
Pb-5 w ere obtained. The five fractions were then assayed for pectinase  
inhibition, 10 mg. o f powder from each fraction having been dissolved  
in 40 ml. o f distilled  water and inhibition determ ined in incubates 
containing 1 ml. o f the inhibitor. As can be seen from Table 2, the 
preparation Pb-1  w as showing the highest inhibitory actiyity. The results 
presented in Figs. 4 and 5 show  the relative inhibitions of the prepara­
tions A, C, P b  and Pb-1; 20 mg. per 40 ml. (Fig. 4) and 2 mg. per 40 ml. 
(Fig. 5), respectively, w ere assayed for pectinase inhibition, using 0.02, 
0.1, 0.3, 0.5 and 1.0 ml. o f the Solutions in each assay w ith  a total volum e  
o f 24 ml. Thus the concentration of the inhibitor applied yaried from
0.04 to 20Mg./ml. of incubation m ixture.
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It is evident that considerable purification of the inhibitor has been  
achieved and that P b - l ,  thus far the purest preparation shows an inhibi- 
tion of about 38% at a concentration of 0.04 gig./ml. According to B ell 
& Etchells [1] the acetone powder preparations from grapę leaves inhibit 
pectinolytic activity by 57% in a concentration of l l lg ig ./m l. In com - 
parison, therefore, our P b -l  preparation is over 100 tim es more active.

Howeyer, the evidence obtained on preliminary purification by m eans 
of ultrafiltration through a Sephadex-G-25 column, as w ell as indirect 
evidence on dry weights, suggest that even P b - l  is still contam inated  
with inactive materiał. From 100 g. of dry red currant leaves as much  
as 740 mg. of P b - l  were obtained, which is several tim es more than  
should be expected.

Further work on the purification of the inhibitor, on its identifica- 
tion, its kinetic properties, as w ell as on its effect on the softening  
activity of cucumber saltstock during fermentation is in progress.

SUMMARY

1. Red currant leaves contain a very active inhibitor of pectinase  
actiyity.

2. A method of partial purification of the inhibitor has been  
described.

3. The partially purified inhibitor shows considerable actiyity even  
at a dilution of 0.04M-g./ml.
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INHIBITOR PEKTYNAZY Z LIŚCI CZERWONEJ PORZECZKI

S t r e s z c z e n i e
1. L iście czerw onej porzeczki odmiany „Heros" zaw ierają bardzo czynny inhi­

bitor aktyw ności pektynazy.
2. Opisano m etodę częściowego oczyszczenia inhibitora.
3. C zęściow o oczyszczony inhibitor hamuje aktyw ność pektynazy jeszcze w  stę­

żeniu 0.04 gig./ml.
R eceived 25 June 1963.
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The role o f cytidine nucleotides in phospholipid biosynthesis was d is- 
covered by K ennedy & W eiss in 1955 [11], and a number of observations 
w ere reported for the occurrence of various reactions of the formation  
of natural phospholipids in which the cytidine nucleotides were found  
to be precursors [9]. In the transfer of the phosphorylated cholinę onto 
the D-a,/?-diglyceride, the specificity of CMP-iPC 1 was proved; AMP-PC,. 
GMP-PC, and UM P-PC were inactive [12]. It w as further shown that 
the incorporation o f PC into lecithin  by the enzym e preparation from  
chicken Ііѵег was not lower w hen CMP-PC was replaced by dCMP-PC  
[10]. However, the results obtained w ith rat tissue homogenates [1] in 
different experim ental conditions showed that dCMP-PC was about 
three tim es less effective than CMP-PC.

In the present paper the incorporation of PC into phospholipids w as  
studied on varied biological materiał and the rates of the incorporation  
w ere compared using AM P-PC, CMP-PC, dCMP-PC and the unnatural 
analogue of CMP-PC, 6-N-m onom ethylcytidine diphosphate cholinę  
(MeCMP-PC). By the use of the last compound w e expected to obtain  
som e information concerning the basis of the specificity of cytidine 
nucleotide in the formation of lecithin.

MATERIAŁ AND METHODS

Animals and tissues. For the experim ents rats 6 w eeks old, chickens 
about 3 m onths old, frogs (Rana temporaria ) and snails (Неііх pomatia) 
w ere used. A dult locusts (Locusta migratoria) and silkworm  (ВотЪух  
mori) caterpillars of the last instar w ere bred in our laboratory. The

1 A bbreviations used: PC, phosphorylcholine; A M P-PC , adenosine diphosphate  
cholinę; CM P-PC, cytidine diphosphate cholinę; CM P-PE, cytid ine diphosphate e th a -  
nolam ine; dCM P-PC, deoxycytid ine diphosphate cholinę; GM P-PC, guanosine d i­
phosphate cholinę; MeCMP, 6-lV -m onom ethylcytidine-5'-phosphate; M eCM P-PC, 
6-lY -m onom ethylcytidine diphosphate cholinę; UM P-PC, uridine diphosphate cholinę.
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neoplastic tissue w as the Crocker M ouse Sarcoma 180 grown on m ice  
{this was obtained from the Institube of Antibiotics, Warszawa). The 
reaction of PC incorporation was studied in tissue hom ogenates as 
previously described [3]. Some experim ents w ere performed on the m ito- 
chondrial fraction obtained from the chicken Ііѵег [12].

Special reagents. AMP and CMP w ere Sigma, USA, products; dCMP, 
Light, England; dicyclohexylcarbodiim ide, BDH, London; 6-lV-monome- 
thylcytidine-5'^phosphate has been synthesised and kindly given by 
Prof. Dr. D. Shugar and Dr. W. S zer from our Institute (the data on  
this synthesis w ill be published separ;ately). The 32P-labelled orthophos- 
phoric acid w as o f French origin.

The radioactiye nucleotides: A M P -32PC, CMP-32PC, dCMP-32PC and 
M eCM P-32PC w ere prepared from 32PC  [14] and the respectiye nucleo- 
side-S^m onophosphates by the m etbod of Kennedy [8] as preyiously  
described [3]. The efficiency of the coupling was about 30 - 40%. The 
m olar ratio o f the nucleotide base ito phosphorus in the synthesised  
radioactive compounds was: CMP-PC, 1:1.84; dCMP-PC, 1:2.08; MeCMP- 
-PC , 1:1.90 (calc. 1:2). The paper ch.romatograms of these compounds 
.and o f the products o f their acid hydrolysis are shown in Fig. 1. On acid

F ig . 1. A utoradiogram  of paper chrom atogram  of (A), CMP-32PC; (B), dCM P-32PC; 
and (С), M eCM P-32PC; (1), before and (2), a fter  hydrolysis in 1 n -HC1, 1 hr., 100°. 
The ascending techniąue w as used w ith  th e  m ixture: propan-2-ol, 75 ml.; w ater, 

25 ml.; trichloroacetic acid , 5 g.; conc. ammonia (d2o =  0.895), 0.3 ml. [4].

h ydrolysis (1 hr., 100°, 1 n-HCI) th ey  were cleaved w ith the formation  
of 32PC and the unlabelled nucleoside-5'-phosphate. The AM P-32PC had 
also sim ilar R F values in this so lven t system  and on acid hydrolysis 
gave rise to the form ation of 32PC.
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Estimation of nucleoside bases. This w as made spectrophotom etrically  
in acid m edium and calculated from the m ilim olar extinction values: 
CMP, £281, 13.6; dCMP, £280, 13.8; MeCMP, e281.5, 15.7.

Phosphorus and 32P determination.  The content of phosphorus in nu- 
cleotides, in 32PC and in phospholipids w as estim ated according to Strick- 
land et al. [16] after digestion of the sam ples w ith  perchloric acid. The 
amount of 32P w as assayed w ith  a VA-Z 410 ѴЕВ Vacutronic liąuid  
counter. In each lipid sample the specific activity o f phospholipids 
(counts/min./M-g. P ) was determined.

The molar proportion of the new ly synthesised 33P-labelled phospho­
lipids per 1000 m olecules of phospholipids (considered as monophospho- 
lipids) in the incubate w as calculated by m ultiplying by 1000 the ratio of 
specific activity o f total phospholipids to that of 3̂ PC present in CMP-PC.

RESULTS

The data on 32PC incorporation into phospholipids from the four 
nucleotide derivatives are presented in Table 1. They are expressed as 
percentages o f 32P incorporated from 0.05 м то іе  o f the precursor added 
and as the molar proportion of the n ew ly  synthesised 32P-labelled  phos­
pholipids per 1000 phospholipid m olecules of the incubate.

As it can be seen from Table 1 the reaction of PC transfer from  
CMP-PC occurs in tissues of all the species studied; the highest rate 
was found in Ііѵег tissue o f the rat, frog and chicken and in the brain 
cortex of the rat. There was also a high incorporation in the Crocker

Fig. 2. Incorporation of 32P into phospholipids 
from (O ), CMP[32P]phosphorylcholine; and  
(# ) ,  dCMP[32P ]phosphorylcholine in chicken  
Ііѵег m itochondrial fraction. Com position of 
the ineubation m ixture as in Table 1, excep t 
that instead of the tissue hom ogenate it 
contained the dialysed m itochondrial fraction  
corresponding to  about 50 ng. of lipid P. 
To each sam ple 50 m^m oles (4600 counts/m in.) 

of substrates w as added.

Mouse Sarcoma 180 neoplastic tissue. Lower incorporation was found  
in tissues of Locusta migratoria  and Вот Ьух mori. In the hepatopanereas 
of Неііх pomatia  the incorporation was about 50 tim es less than in rat, 
chicken or frog.
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T a b l e  1

CMP-PC, dCMP-PC, MeCMP-PC, and AM P-PC as precursors of phos-  
pholipids in homogenates of tissues of uarious species

Each incubation sam ple contained 100 mg. of hom ogenized tissue in a m edium  
containing: 0.0316 M-KCl; 0.0095 M-NaF; 0.02 M-MgCl2; 0.004 M-Na2H P 0 4; 0.0266 м- 
- t r is -H C l buffer, pH 7.4. 0.05 gm ole of CM P-32PC, dCM P-32PC, M eCM P-32PC or 
A M P-32PC w ere added as indicated. The fina ł volum e w as 1.5 ml. Incubation  
period 1 hr. at 37°. The phospholipids w ere extracted according to Folch  et al. [5] 
and the radioactivity measured as described in M ethods. R elative activ ity  X  1000 
(Rei. act. X 1000) is the molar proportion of the new ly synthetized  32P -lab elled  
phospholipids per 1000 phospholipid m olecules in the incubate, calculated from  
the ratio:

counts/min./|dg. P in total phospholipids
---------------------------------------------------------------  X 1000

counts/min./pig. P in 32PC

Tissue

CMP-32PC dCMP-32PC MeCMP-32pc AMP-32PC

32P in- 
corpo- 
rated 
(%)

Rei. 
act. 

x 1000

32p in- 
corpo- 
rated 
(%)

Rei.
act.

ХІ000

32P in- 
corpo- 
rated 
(%)

Rei. 
act. 

x 1000

32p in- 
corpo- 
rated
(%)

Rei.
act.

ХІС00

Rat
Ііѵег 46.6 7.7 _ 0.4 0.1 — —

40.1 7.0 _ — 0.7 0.2 — —
58.4 7.5 22.4 2.8 — — 1.2

01 !
brain cortex 29.2 2.6 — 0.9 0.1 — —

33.2 3.0 — — 0.4 0.1 — —
46.2 5.0 17.7 2.2 — — 0 0

Chicken Ііѵег 48.0 7.6 30.7 5.8 0.4 0.1 0.2 0.1

Frog Ііѵег 42.6 12.4 14.0 4.0 0.6 0.2 — —
67.5 20.9 14.5 4.9 — — 0 0

Crocker Mouse Sar-
coma 180 36.4 17.6 7.8 3.7 0.9 0.4 —■ —

47.7 21.7 7.8 3.7 0.9 0.4 — —

Locusta migrctoria
fat-body 5.0 1.0 1.0 0.2 — — 0.1 0.1

11.6 2.3 4.8 0.9 0.5 0.1 — —

brain 18.9 5.3 10.4 3.0 2.4 0.7 — —

ВотЬух mori,
fat-body 17.5 10.8 6.5 3.9 — — 0.5 0.3

brain 3.0 2.3 1.1 0.8 — — 0.1 0.1

Неііх pomatia
hepatopancreas 1.2 0.5 0.1 0.1 — — 0.1 0.1
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When AM P-PC or MeCMP-PC were added to the homogenate instead  
of cytidine diphosphate cholinę the incorporation of PC into phospho­
lipids w as very Iow. H owever, in brain tissue of Locusta migratoria  
the differences in the incorporation from CMP-PC and MeCMP-PC were 
not so distinct. In all tissues tested the incorporation from deoxycytidine  
nucleotide was sm aller than from cytidine compound, but the difference 
varied from one tissue to another. In the chicken Ііѵег homogenate 
dCMP-PC w as only slightly  less effective, w hile in other tissues 1 hr. 
incubation w ith dCMP-PC led to considerably sm aller labelling. When 
the time curves of PC incorporation were made using cytidine and 
deoxycytidine derivatives and chicken Ііѵег mitochondrial fraction (Fig. 2) 
it w as found that after longer periods of tim e on ly  slightly less PC was 
incorporated from deoxy compound (43%) than from cytidine precursor 
(68%). A fter shorter incubation (15 min., 30 min.) the incorporation  
w as 3 - 4  times sm aller from deoxy compound than from CMP-PC.

DISCUSSION

A good labelling of phospholipids was obtained in this study by using 
relatively smali amounts of the nucleotide precursor (0.05 (umole of 
CM P-32PC per 100 mg. o f fresh tissue). In the preyious studies of 
A nsell & Chojnacki [2] four tim es larger amount of the precursor was 
used but the labelling o f phospholipids was only sligh tly  better. This 
could probably be due to the lim ited amount of the diglyceride acceptor 
present in tissue homogenate.

The presented experim ents indicate that the biosynthesis of phospho­
lipids via  cytidine interm ediate may be fairly common in naturę as it 
can also be' inferred from the fact of the w ide occurrence of choline- 
phosphate cytidylyltransferase [12]. Even in Неііх pomatia  where only  
smali incorporation of PC from cytidine precursor w as noted, the ratę 
of labelling was higher than when adenosine and deoxycytid ine deriva- 
tives w ere used.

The possible role of dCMP-PC and dCMP-PE in lecithin and cephalin  
biosynthesis was suggested by the fact that compounds of this type are 
also present in organisms besides the CMPJPC and CMP-PE [17, 13], and 
especially in neoplastic tissues they were found in greater amounts [15]. 
It was shown by K ennedy et al. [10] that in the chicken Ііѵег dCMP-PE  
was a less effectiye precursor of cephalin, w hile dCMP-PC was not 
a worse precursor o f lecithin, than CMP-PC. A nsell & Chojnacki [1] 
found that in rat tissues dCMP-PC is less effectiye and these data were 
confirm ed presently on larger animal materiał. The identical rates of 
lecithin formation from cytidine and deoxycytidine precursors in the 
experim ents o f K ennedy et al. [10] m ight have been due to the ехрегі- 
m ental conditions in w hich  large amounts of diglyceride and long incu-
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bation period w ere used. When studying the rates of 32PC incorporation  
after shorter tim e intervals a distinct difference betw een the labelling  
of phospholipids from dCMP-32PC and CMP-32PC was observed.

The sm aller effectiveness of the deoxy compound may not be related  
only to the difference in the sugar m oiety o f the nucleotide, but it m ay  
result from the difference in cytosine. A s it was shown by nuclear  
m agnetic resonance studies [6], deoxycytid ine and cytidine differ in res-  
pect to the pyrim idine as w ell, cytidine having a true amino group at 
C(6), w h ile an imino group at this position is present in deoxycytid ine. 
If the same is true for nucleoside phosphates the sm aller effic iency  o f  
deoxycytidine compounds as phospholipid precursors m ay be due also  
to this difference. This suggests that the С(б) amino, but not C(e) im ino, 
group plays a role in the enzym ie transfer of phosphorylcholine. The 
ineffectiveness o f UMP-PC supports the above supposition [12]. The ob -  
servation that also MeCMP-PC is ineffectiye indicates that the reaction  
can occur on ly  w hen the С(б) amino group of cytosine is not substituted.

It should be emphasized that different 6-N-acylated cytosine deriva- 
tives are found among substances endowed with antibiotic properties 
(amicetin, bamicetiin and plicacetin [7]).

We are indebted to Prof. Dr. D. Shugar and Dr. W. Szer from the  
Institute of Biochem istry and Biophysics, Warszawa, for the gift of 
a sam ple o f e -N -m eth ylcytid in e^ -p h osp h ate  and to Dr. A. U kleja-B ort- 
kiew icz from the Institute of A ntibiotics for supplying the neoplastic  
tissue o f the Crocker Mouse Sarcoma 180.

SUMMARY

The incorporation of 3̂ P-labelled phosphorylcholine (PC) from its  
nucleotide derivatives was studied in tissue homogenates o f different 
species. In all tissues tested the CMP-PC was found to be the most 
effective precursor of phospholipids; dCMP-ZPC was less effective. N either  
AM P-PC nor 6-N -m ethylcytidine diphosphate cholinę served as precur­
sors in this process.

R E F E R E N C E S

[1] A n sell G. B. & Chojnacki T. - Biochem. J. 85, 31P, 1962.
f2] A n sell G. B. &  Chojnacki T. - Naturę  196, 545, 1(962.
[3] Chojnacki T. & Korzybski T. - A cta  Biochim. Polon. 10, 238, 1963.
'[4] Ebel J. P. - Buli. Soc. Chim. Biol. 34, 321, 1952.
i[5J Folch J., Lees M. & S loane-S tan ley  G. H. - J. Biol. Chem.  226, 497, 1957.
[6] G atlin L. & D avis J. C. Jr. -  J. A m. Chem. Soc. 84, 4464, 1962.

http://rcin.org.pl



[7] SPECIFICITY OF CYTIDINE COENZYME

[7] H askell Т. H. -  J. Am. Chem. Soc. 80, 747, 1958.
18} K ennedy E. Р., - J. Biol. Chem.  222, 185, 1956.
[9] K ennedy E. Р., Vth International Congress of B iochem istry ,  Moscow, 1961,

S y m p o s iu m  No. VII,  Preprint no. 166.
[10] K ennedy E. Р., Borkenhagen L. F. & W agner-Sm ith S. - J. Biol. Chem.  234,

1998, 1959.
[11] K ennedy E. P. & W eiss S. B. - J. Am. Chem. Soc. 77, 250, 1955.
[12] K ennedy E. P. & W eiss S. B. - J. Biol. Chem.  222, 193, 1956.
[13] P otter R. L. & B uettner-Janusch V. - J. Biol. Chem.  233, 462, 1958.
[14] R iley R. F. -  J. Am. Chem. Soc. 66, 512, 1944.
[15] Schneider W. C. & Rotherham  J. - J. Biol. Chem. 233 , 948, 1058.
[16] Strickland К. Р., Thom pson R. H. S. & W ebster G. R. - J. Neurol. Neurosurg,

Psychiat.  19, 12, 1956.
[17] Sugino Y. - J. A m . Chem. Soc. 79, 5074, 1957.

o s p e c y f i c z n o ś c i  k o e n z y m u  c y t y d y n o w e g o  d l a  r e a k c j i
W BUDOW YW ANIA FOSFOCHOLINY W FOSFOLIPIDY W HOM OGENATACH  

TKANEK U RÓŻNYCH GATUNKÓW

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

Badano w b udow yw anie fosfocholiny (PC) znakow anej 32P z jej nukleotydow ych  
pochodnych w  fosfo lip id y  w  hom ogenatach tkanek u różnych gatunków . We w szy st­
k ich badanych tkankach CM P-PC była najlepszym  prekursorem  fosfolip idów . Mniej, 
efek tyw ną była dCM P-PC. A M P-PC  ani 6 -N -m etylocytydynodw ufosfocholina n ie  
spełn iały  roli prekursorów  w  tym  procesie.

R eceived 28 June 1963.
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RECENZJE KSIĄŻEK

E n g e l b e r g  H.: HEPARIN, METABOLISM, PHYSIOLOGY AND CLINICAL  
APPLIC ATIO N. С. С Thomas Publ. Springfield  (111.), 1963; str. 218, cena $  8.50.

K rótka m onografia Engelberga o przem ianie, fizjologii i k lin icznych zastoso­
w aniach heparyny składa się z dwóch części. P ierw sza została pośw ięcona w ynikom  
podstaw ow ych badań nad heparyną, druga om aw ia k liniczne jej zastosow ania. 
Opis chem icznej budow y heparyny opracow ał K. D. Brown w  osobnym  rozdziale, 
w  którym  uw zględniono literaturę przedm iotu do końca 1961 roku. W yniki om ów iono  
krytycznie zw racając uw agę na te, które są dobrze dośw iadczalnie uzasadnione, 
jak i na te, co do których istnieją rozbieżności. Mimo że n iem al pół w ieku  upłynęło  
od odkrycia heparyny, istn ieje jeszcze dość dużo niejasności co do jej budow y che­
m icznej. W ynika to w  znacznej mierze z faktu niejednorodności preparatów , z k tó­
rym i różni autorzy m ieli do czynienia. Dr Engelberg jest lekarzem  szpitala w  Los 
A ngeles. L ekarskie w ykształcen ie autora nadaje książce lekarsko-fizjologiczny cha­
rakter. R ozdział „M etabolism  of H eparin“ można by raczej zatytu łow ać „Fizjologia  
heparyny". W rozdziale tym  om ów iono centralną rolę kom órek tucznych w  pro­
dukcji heparyny, w p ływ  horm onów, naprom ieniow ania, zaw artość heparyny w e  
krw i i w reszcie jej w ydalanie. W rozdziale o działaniach heparyny zgrom adzono  
dużą ilość danych opartych na 263 pozycjach literatury obejm ującej okres do 
1960 roku. P odstaw ow em u działaniu heparyny, działaniu na układ krzepnienia, po­
św ięcono zaledw ie pięć stron. Chociaż autor podaje, że dyskusja nad krzepnieniem  
krw i w ykracza poza ramy m onografii, to jednak w ydaje się, że pośw ięcono tem u  
zagadnieniu zbyt mało m iejsca. Mimo, że podano szczegółow e dane o tych  fazach  
procesu krzepnienia, w  których heparyna interferuje, to jednak przedstaw ienie  
jednego schem atu krzepnienia (wg M onkgouse’a, Am. J. Clin. Nutr.  8, 1, 1960) 
bez w yjaśn ien ia  użytych skrótów  (AHF, PTC itd.) i bez podania nom enklatury  
(num eracji) M iędzynarodow ego K om itetu C zynników  K rzepliw ości K rw i nie w y ­
daje się dostateczne. Stosunkow o dużo m iejsca pośw ięcono w p ływ ow i heparyny  
na usuw anie trójglicerydów  z krw i, co tłum aczy się  osobistym  dorobkiem  autora  
w  dośw iadczalnych pracach w  tej dziedzinie. W w ykazie b ibliograficznym  tego 
rozdziału, obejm ującym  239 pozycji, w ym ieniono 13 publikacji autora, a w  tekście  
um ieszczono także jego n iepublikow ane w yniki eksperym entalne. Rozdział ten napi­
sano krytyczn ie i zreferow ano zagadnienie w szechstronnie.

W drugiej, k linicznej części pracy najw ięcej m iejsca pośw ięcono terapii hepa­
rynow ej przy zakrzepach. O m ówiono w ynik i stosow ania heparyny przy ostrym  
zaw ale sercow ym , zakrzepach żylnych, przypadkach chirurgicznych zabiegów  na 
naczyniach i sercu, podano także daw kow anie. N astępny rozdział zaw iera dane 
o zastosow aniu heparyny w  zapobieganiu i leczeniu m iażdżycy, a także w  w ielu  
innych jednostkach chorobow ych, jak przy stanach zapalnych, oparzeniach itd. 
W końcow ym  rozdziale om ów iono reakcje uboczne po podaniu heparyny.

K siążkę zaopatrzono w  indeks autorów  i indeks przedm iotow y. P ierw szy odsyła  
czyteln ika zarówno do tych m iejsc tekstu, w  których nazw isko zostało w ym ien ione, 
jak rów nież do tych, gdzie zam ieszczono tylko kolejny numer pozycji b ib liogra­
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ficznej, co w obec niealfabetycznego układu literatury spraw ia czyteln ikow i pew ną  
trudność. Drugą usterką redakcyjną jest to, że tzw. żyw a pagina w  całej książce  
jest jednakow a i jest identyczna z tytu łem  książki, a nie inform uje o treści poszcze­
gólnych rozdziałów.

K siążka E ngelberga stanow i dobre źródło inform acji o heparynie w e w szystk ich  
aspektach, może być z pożytkiem  użyta i przez badacza dośw iadczalnego i przez 
klinicystę.

T adeusz K o rzyb sk i

ALLERGOLOGY. Proceedings of the IVth International Congress of A llergology  
(E. A. Brown, ed.). Pergam on Press, Oxford - London - N ew  York - Paris, 1962;
str. 455, cena £  5.05.

Om awiana książka stanow i spraw ozdanie z IV M iędzynarodow ego K ongresu  
A lergologii, który odbył się w  N ow ym  Jorku w  październiku 1961 r. Zawiera ona
przem ów ienia w stępne i referaty w ygłoszone na siedm iu sesjach Kongresu.

W części w stępnej m.in. Pasteur V allery-R adot przedstaw ił naukow ą biografię  
pioniera badań nad alergią, R. А. Сооке’а, zm arłego w  1960 r. W łaściw a treść  
książki podzielona jest na siedem  części, odpow iadających sekcjom  K ongresu. 
Biochem ika zainteresują przede w szystk im  referaty I sekcji, obradującej pod prze­
w odnictw em  Pasteura V allery-R adot, a w ięc w yk łady M. H eidelbergera o jedno­
rodności i różności antyciał, S. Cohena i R. R. Postera o strukturze i m etabolizm ie  
antyciał, J. H. H um phrey’a o biochem icznych pośrednikach reakcji m iędzy a n ty ­
genem  a antyciałem .

Sekcje od II do V zajm ow ały s ię  przew ażnie praktyczną stroną zagadnienia, 
tj. profilaktyką i leczeniem  alergii. Poszczególne referaty, zw łaszcza referaty zaga­
jające obrady danej sekcji, dają szerszą biologiczną podbudowę i są interesujące  
także d la niespecjalisty . Sekcja VI zajm ow ała się m etodyką badań, zaś sekcja VII — 
astm ą u dzieci.

Jak w ynika z przeglądu treści, książka om aw ia poszczególne strony zagadnienia  
alergii, stanow i w ięc cenne źródło inform acji w  tej dziedzinie, w  której n iew iele  
jeszcze m am y system atycznych i źródłow ych opracowań. W każdym  razie naw et 
pobieżne zapoznanie się z treścią poszczególnych w ykładów  pozostaw ia w rażenie, 
że alergologia jest dziedziną, której ciężar gatunkow y rośnie szybko z roku na rok 
i będzie nadal w zrastał w  m iarę postępów  lecznictw a i elim inow ania innych źródeł 
zachorzeń. K siążka nie ma jednak charakteru podręcznika ani m onografii, a brak 
skorow idza rzeczow ego nie u łatw ia znalezienia określonej inform acji.

Józef Heller

L a p i n V. A. and J а к о v  1 e v  a L. A., COMPARATIVE PATHOLOGY IN MON- 
KEYS (tłum aczenie z rosyjskiego). С. C. Thomas Publ., Springfield  (111.) 1963; 
str. 272, rys. 114, cena $  10.00.

Książka stanow i przegląd głów nych objaw ów  anatom opatologicznych i h isto ­
patologicznych najczęstszych schorzeń w ystępujących  u małp. M ateriał stanow iło  
1000 m ałp z najw iększego na św iecie  ośrodka badań nad m ałpam i w  Suchum i
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w  ZSRR. A utorzy podkreślają krytycznie, że schorzenia i opisyw ane objaw y dotyczą 
zw ierząt przebyw ających w  n iew oli. Objawy anatom opatologiczne są bardzo zbli­
żone do obrazów  znanych z patologii człow ieka, choć w ykazują pew ną sw oistość. 
C zęstość w ystęp ow an ia  schorzeń in fekcyjnych jest przez autorów  szczególnie pod­
kreślana; praw dopodobnie w ynika ona z kontaktów  z ludźm i. Poza tym  opisane 
są i inne schorzenia w raz ze schorzeniam i now otw orow ym i i w adam i w rodzonym i 
w ystępującym i u m ałp. Książka zaw iera szereg czytelnych m akro- i m ikrofotografii.

K a zim ierz  O s tro w sk i

ѵоп К  a u l i  a K.: CHEMISTRY OF THROMBOLYSIS, HUM AN FIBRINOLYTIC  
ENZYMES. C harles C. Thom as, Publ., Springfield  (111.) 1963; str. 333; cena $  12.75.

Fibrynoliza czyli proteolityczne traw ienie fibrynogenu i fibryny należy do 
podstaw ow ych zjaw isk  fizjologicznych w  ustroju ludzkim . Zaburzenia fibrynolizy  
leżą u podstaw  takich  procesów  patologicznych, jak skazy krw otoczne i spraw y  
zakrzepowe. Istn ieją  rów nież pow iązania m iędzy fibrynolizą a zapaleniem , m iaż­
dżycą, zm ianam i łącznotkankow ym i typu zw yrodnienia w łóknikow atego.

Z punktu w idzen ia  biochem icznego złożony układ fibrynolityczny, składający  
się z prekursorów  enzym ów , aktyw atorów  różnego typu i inhibitorów  przedstaw ia  
instruktyw ny przykład reakcji łańcuchow ej pozw alający na stud iow anie pow iązań  
m iędzy poszczególnym i członam i tego łańcucha. W zajem ne zależności pom iędzy  
układem  fibrynolitycznym  i układem  krzepnięcia są pięknym  przykładem  istnienia  
m echanizm ów  sam oregulujących na poziom ie m olekularnym  w  żyw ym  ustroju. 
W iększość reakcji zachodzących w  tych układach jest natury proteolitycznej. Jeden  
ciąg reakcji — proces krzepnięcia — prowadzi do utw orzenia sieci fibryny, drugi —  
fibrynoliza — do jej rozpuszczenia. Istn ieje dobrze kontrolowana dynam iczna  
rów now aga m iędzy obydw om a układam i, w arunkująca utrzym anie krw i w  stanie  
płynnym  oraz p raw id łow ą hem ostazę.

Pod nazw ą trom bolizy rozum ie się rozpuszczenie już pow stałych  skrzepów. 
Może ona zachodzić w  ustroju, jeżeli nasila się potencjał enzym atycznych m echa­
nizm ów  fibrynolitycznych  i uzyskuje przew agę nad potencjałem  układu krzepnię­
cia, który poprzednio był przyczyną zakrzepu. Tromboliza może być rów nież  
sztucznie w yw ołan a  jako zabieg leczniczy, bądź bezpośrednio drogą podania enzy­
m ów  proteolitycznych lub ich aktyw atorów , bądź pośrednio przez m obilizację  
endogennego układu fibrynolitycznego drogą oddziaływ ania farm akologicznego na 
ustrój ludzki.

O w szystk ich  tych  spraw ach pisze znany am erykański uczony Kurt von K aulla  
w książce pt. „C hem istry of throm bolysis, hum an fibrynolytic enzym es“.

V. K aulla od przeszło 20 lat pracuje eksperym entaln ie w  tej dziedzinie, a ostat­
nie lata p ośw ięcił g łów nie sprawom  trom bolizy. Książka jest pierw szą próbą tak  
obszernego, m onograficznego przedstaw ienia tej zaw iłej dziedziny w iedzy.

Ocena książki pow inna być przeprowadzona z punktu w idzenia poszczególnych  
jej użytkow ników . Dla kogo może być ona przeznaczona? Istn ieje liczna rzesza pra­
cow ników  nauki, zajm ujących się zagadnieniem  fibrynolizy i trom bolizy. N ajliczniej 
reprezentow ani są lekarze i analitycy lekarscy, dla których nieraz codziennym  
obow iązkiem  m oże być badanie układu fibrynolitycznego u chorych krw aw iących  
lub u chorych z zakrzepam i. W tych okolicznościach ocena aktualnego stanu układu  
fib rynolitycznego i układu krzepnięcia może być decydującym  czynnikiem  pozw ala­
jącym  na u sta len ie rozpoznania i w łaściw ego leczenia. A le mogą to być rów nież
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biochem icy lub patolodzy eksperym entaln i prowadzący badania podstaw ow e nad 
jak im kolw iek  aspektem  fibrynolizy lub też terapeuci stosujący leczenie trom bo- 
lityczn e będące w ciąż jeszcze m etodą eksperym entalnej ty lk o  terapii jednej z n aj­
bardziej rozpow szechnionych chorób, jaką jest choroba zakrzepowa.

Jako jeden z czyteln ików  tego kręgu, mogę zapew nić, że książka spełnia sw oje  
zadania. Znajduje się w  niej krótki i rzeczow y opis faktów , sposób przedstaw ienia  
ich jest ob iektyw ny, rów nież gdy nie są one zgodne z osobistym i poglądam i autora. 
A autor posiada osobiste poglądy, które dzielą nie w szyscy  „koagulacjoniści"  
i fibrynolitycy. Do takich n a leży  pogląd uznający istn ienie w zajem nej dynam icznej 
rów now agi m iędzy układem  krzepnięcia i fibrynolizy. Sub iek tyw n y jest sposób  
ujęcia ak tyw acji układu fibrynolitycznego, a rów nież pogląd o szczególnej roli 
antyplazm iny w  układzie fibrynolitycznym . Również stanow isko autora w  spornych  
zagadnieniach trom bolizy m usi z konieczności być sub iektyw ne. Trudno jest mi 
polem izow ać z tym i poglądam i autora, gdyż zgadzają się one w  dużej mierze 
z m oim i w łasnym i. W ażne jest to, że rów nież inne poglądy są uw zględnione, przy 
czym  autor zachow uje obiektyw ność. Spis autorów  i literatury obejm uje w ieleset  
pozycji, pom iędzy nim i pocieszająco dużo pozycji polskich. Pod tym  w zględem  
książka jest praw dziw ą kopalnią w iedzy i inform acji

Te zalety m onografii v. K aulli uspraw iedliw iają  jej ocenę ze strony sp ecja li­
stów  w  dziedzinie fibrynolizy. Lecz rów nież dla mniej obeznanych z przedm iotem  
i niezaangażow anych bezpośrednio w  te zagadnienia książka m oże być pożyteczna. 
W ykład jest przejrzysty, język jasny i prosty, a układ rozdziałów  logiczny. F ibry- 
noliza należy do tych dziedzin m edycyny, w  których chem ia, patologia i klinika  
krzyżują się i zazębiają jak rzadko w  innej. Jakie jest pow iązanie pom iędzy ak ty­
w acją  układu fibrynolitycznego i krw aw ieniem , m iędzy leczen iem  choroby zakrze­
pow ej i zaw ałów  a biochem ią rozpuszczania fibryny? N iew ie le  jest dziedzin k li­
nicznej m edycyny, w  których zagadnienia codziennej praktyki lekarskiej tak ściśle  
się w iążą z badaniam i podstaw ow ym i, gdzie codzienne postępow anie przy łóżku  
chorego w ym aga zrozum ienia zjaw isk chem icznych leżących u podstaw  klinicznych  
spostrzeżeń.

Z tego też w zględu należałoby życzyć książce przekładu na język polski i licz ­
nej rzeszy czytelników .

E d w ard  K ow alsk i
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