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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 II 1965 N o. 3

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

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

D e p a r tm e n t o f A g r icu ltu ra l T echho logy, C ollege o j A g ricu ltu re , P oznań

To elucidate w hether the native corrinoids are bound to specific 
proteins, o r the protein-corrinoid binding is an artifact form ed during 
the isolation procedurę, d ifferent preparations from  Propionibacterium  
shermanii cells have been compared [17]. The isolated protein-bound 
corrinoids w hen subjected to d ifferen t purification procedures showed 
some yariations in the amino acid contents and electrophoretic mobility. 
The ratio  of the protein  to the corrinoid was as 1:1 and the absorption 
spectra of the complexes differed m arkedly from  th a t of the crystalline 
a-5,6-dim ethylbenzim idazolylcobam ide (vitam in B12). W hereas these 
studies w ere aimed at isolation of the corrinoid-protein complexes 
(B^-M )1, w ithout taking any precautions to avoid light-induced mole- 
cu lar changes, the present w ork is concerned prim arily  w ith  the 
photosensitive torm  of the  corrinoid-protein со тр іех  (B12-M-S). By 
studying the protein-binding capacity of the light-sensitive corrinoids 
from  P. shermanii it was hoped to  obtain some da ta  concerning the role 
of specific proteins in the biochemical functions of some yitam in B12 
coenzymes [22, 6].

Ali operations and procedures throughout th is w ork (except the 
amino acid determ ination and chrom atographic separation after exposure 
to daylight) w ere perform ed in dispersed red light or in a completely 
dark  room.

* T his s tu d y  w as p a r t ia l ly  su p p o r te d  by a  g ra n t (PL-480, FG -Po-137) from  
th e  U. S. D ep a rtm en t of A g ricu ltu re , A g ric u ltu ra l R esea rch  Serv ice.

1 T he followiing a b h re v ia tio n s  a re  u sed  th ro u g h o u t th is  te x t: B12, c ry s ta llin e  
o -5 ,6 -d im ethy lbenz im idazo ly lcobam ide ; B12-M , a -5 ,6 -d im e thy lbenz im idazo ly lcob - 
a m id e -p ro te in  с о т р іе х  [17]; B12-iM-S, lig h t-se n s itiv e  c o rr in o id -p ro te in  p re p a ra tio n ; 
B 12-M -S l , pho to ly sed  B i2-M-!S.

MATERIAŁ AND METHODS
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196 J.  JANICKI and OTHERS [2]

Growth and harvesting oj bacteria. As the source of the ligh t— 
-sensitive corrinoid-protein oomplexes (B12-M-S), Propionibacterium  
shermanii-1 cells w ere used. The stock cu ltu re  was m aintained on 
a yeast-glucose m edium  supplem ented w ith casein hydrolysate [23]. 
C ultures w ere incubated in 5 litres of liąuid m edium  composed of acid 
and enzymie hydrolysates of casein, added w ith m inerał salts, vitam ins 
and glucose [23]. The m edium  adjusted to pH 6.5 was sterilized for 
30 min. at 120°, and to each 4-litre portion 1000 ml. of inoculum w as 
added. The inoculum  was previously subjected to threefold  transfer a t 
two-day intervals. Then the bacteria w ere allowed to grow for 8 days 
at 30°. D uring the first 24 hr. the dropping pH was adjusted  еѵегу 
hour to 6.8-7.0 w ith concentrated ammonia. A t the  end of this period, 
20 ml. of 60% glucose solution was added per 1 litre  of the medium, 
and a fte r the first 48 hr. of ineubation, 16 mg. of 5,6^dimethylbenzimi- 
dazole per 1 litre  w as added. The cells w ere harvested by centrifugation, 
washed w ith distilled w ater and centrifuged agaiin. One litre  of the 
cu lture yielded approxim ately 56 g. of celi w et weight. Before fu rth e r 
trea tm en t the m ateria ł was stored a t -20°.

Isolation oj The procedurę of M ulli & Schm idt [20, 17] w as
followed exeept th a t the daylight was excluded. The combined phenol 
ex tracts w ere carefully  w ashed w ith distilled w ater and trea ted  w ith  
9 volumes of acetone. A fter several hours, the brick^orange precipitate 
was separated by centrifugation, washed w ith  ethanol and dried in 
ѵасио оѵег concentrated H2SO4.

Absorption spectrum. This was m easured in 0.01 м-phosphate buffer, 
pH 0.8, in a Unicam SP-700 auternatic reeording double-beam  spectro- 
photom eter.

Amino acid composition. The preparation was hydrolysed in 6 '.х-НС1 
(A. R.) for 22 hr. at 110° in a tube sealed under nitrogen. A 500:1 
w eight ratio  of the acid to the m ateria ł was applied. A fter hydrolysis 
the  acid was evaporated under reduced pressure, the residue was added 
w ith  distilled w ater (corresponding to 1/4 volum e of the acid used) and 
the solution was evaporated again. The residue was then  added w ith 
0.1 м-citra te  buffer, pH 2.2, to obtain a concentration corresponding to 
1 mg. protein  per 1 ml. and the insoluble m ateriał was rem oved by 
filtra tion ; in the elear solution, amino acids w ere analysed acoording to 
Spackman, Moore & Stein [26] using an autom atic amino acid analyser 
(Phoenix Precision Inst. Co., Model K-5000-A). The solution oorrespond- 
ing to 1 - 4 mg. of the starting  m ateriał, was loaded on an A m berlite 
IR-120 (150 X 0.9 cm.) column. A rap id  procedurę was also applied in 
which a sm aller colum n (55 X 0.9 cm.) packed w ith finer particles of 
A m berlite IR-120 [27] was used. This modificatiom allowed to achieve 
a oomplete resolution of the  acidic and n eu tra l amino acids w ith in  6 hr. 
instead of 17 hr.
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[3] CORRINOID-PROTEIN COMPLEXES 197

Paper chromatography. The hom ogeneity and chrom atographic 
m obilities of the  preparations studied, w ere tested on W hatm an no. 1 
paiper using the descending techniąue dn three solyent system s [8]: 
(A), butan-2-o l - ammonia (2 3 % )-w a te r (100:1:50, by vol.); (B), bu tan - 
-2-ol - am m onia (23°/o) - w ater - 5°/o solution of potassium  cyanide (100:1: 
:50:0.25, by vol.); and (C), butan-2-ol - acetic acid - w ater - 5% solution 
of KCN (100:1:50:0.25, by vol.). In  each caise the  tim e of developm ent 
was 20 hr. In  prelim inary  experim ents several solyent system s w ere 
exam ined, and the bu tan -2-ol containing solvents w ere found to give 
the best resolution.

Paper electrophoresis. This w as perform ed according to H oldsw orth 
[15] on  W hatm an no. 3 paper in five solyent systems: (I), 1 N-acetic 
acid, pH 2.7 [15]; (II), 1 N-acetic acid w ith  0.015% KCN, pH 2.7; 
(III), O.l M-KCN solution, pH 11 [1]; (IV), phosphate buffer, pH 6.5; and 
(V), phosphate buffer, pH 6.5, w ith  0.015% KCN; the  yoltage gradient 
being 9 v/cm. and time 10 hr.

Chroviatography on CM-Sephadex G-25. The capacity of CM -Sepha- 
dex G-25 (Pharm acia, Uppsala, Sweden) to adsorb haemoglobin w hen 
eąuilibrated  w ith  sodium phosphate buffer (ionic streng th  0.05, pH 6.5) 
was 0.7 g./g. Before use the exchamger w as trea ted  according to Flodin 
[10], than  packed into a tube 2 cm. in  diam eter to a height of 24 cm. 
and eąuilibrated  w ith 0.01 M~potassium-phosphate buffer, pH 6 .8. The 
elution was carried ou t w ith  110-120 ml. of 0.01 MHphosphate buffer, 
pH 6 .8, and subseąuently  w ith  0.05 м-phosphate buffer of the sam e pH. 
The flow ra te  w as 60 m l. per hour and fractions of 2 - 4  m l. w ere 
colleoted. The elution w as com pleted w ith in  about 5 hr. In  all fractions 
the extinctioin a t 260, 280 and 530 m u w as m easured in  a Unicam 
SP-500 spectrophotom eter.

Growth jactor activity. This was assayed on Escherichia coli 113-3 
both by plate [12, 16] and tube [9] procedur es, the la tte r being aipplied 
in the m odification of Hedbom [13]. The resu lts  w ere expressed as 
percentages of the actiy ity  of crystalline vitamdn B12.

Photolysis. The light-sensitive ooimplexes in 0.01 м-phosiphate solution, 
pH 6.8 , w ere exposed to  direct sun ligh t for 8 hr., unless o therw ise 
indicated.

RESULTS AND DISCUSSION

The yield of the B12-M -S prepara tion  was 30 - 40 mg. per 1 kg. of 
celi wet weight. The bright-orange colour of th is m ateriał differed 
m&rkedly from  th a t of the B12-M preparation  [17] and was typical for 
the B12-coenzymes [2, 22]. P aper chrom atography ru n  in da rk  cham bers 
showed the heterogeneity  of the  isolated preparations. In  alkaline 
sec.-butanol solyent (Fig. 1, A) the B12-M -S с о тр іе х  separated into four
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198 J. JANICKI and OTHERS [4]

fractions w hereas B12-M into five. Nonę of the spots obtained either 
from  B12-M-S or from  B12-M, was located iin the position correspoinding 
to  th a t of crystalline y itam in B12. It seems w orth  rnotimg th a t the brick- 
-orange colour, characteristic for the light-sensitive form s of corrinoids, 
rem ained unaltered  even a fte r a prolonged period of separation and 
exposure to light of the  eluate. The m ain p a rt of the Bi2-M -S prepa
ration  was located on the chrom atogram  in a position differemt from 
th a t of B12-M. The spots moying som ew hat faster th an  the m ain 
fraction of B12-M-S corresponded to the conyersion product of B12-M-S 
into B12-M. In the presence of CN~ ion (Fig. 1, B) the B12-M preparation  
m oved into a position which roughly coirresponds to th a t of v itam in Bi2, 
w hereas only a smali part of B12-M-S was conyerted into cyanocoba- 
lamin, the m ain part not being cleayed. It seems th a t the alkaline pH 
of the solyent, as w ell as the  presence of the  protein m oiety, protected 
the B12-M-S against degradation by cyanide. This view  appears to be 
supported  by the resu lts  obtained w ith  the  solvent system  C. The acidic 
m edium  accelerated greatly  the cyanide-induced conyersion of B12-M-S 
into the B12-M оотр іех  (Fig. 1, C).

By paper electrophoresis, a sm aller num ber of fractions from  Bi2-M-S 
w as obtained th an  by paper chrom atography; the form er, howeyer, 
allowed to obtain larger amo^unts of fractions thus facilitating  fu rth e r 
analysis. Electrophoresis of B12-M -S- in l^N-acetic acid at pH 2.7 in the 
absence of cyanide (Fig. 2, I) gave one sm ali electroneutral fraction (І) 
and two electropositiye fractions (2 aind 3). The w eight ratio  of fractions 
2 and 3 was 1:3. Fraction 2 w as located in  the  position of B12-M. Cry
stalline yitam in Bj2 under the same conditions retained  its e lectroneutral 
character. W hen the  B12-M-S prepara tion  w as exposed to daylight for 
a total of 48 hr. (B12-M -SL) and then  subjected to paper electrophoresis, 
a spot in the position of B12-M was obtained.

Addition of cyanide to the 1 [Nv-acetic acid solution (Fig. 2, II) resulted 
in  the conyersion of the m ain p a rt of the Bi2-M с о тр іе х  into 
cyanccobalam in. B12-M-S, howeyer, was only partially  cleayed; the 
cyanocobalam in spot was sm aller th an  the m ain  fraction, w hich retained 
the  characteristic orange colour even a fte r  prolonged exposure to 
daylight. The photolysed B12-M -S preparation, during electrophoresis in 
the  presence of KCN was alm ost com pletely converted into cyanoco
balam in.

The electrophoresis of Bi2-M-S, B12-M -SL and B12-M in KCN solution, 
pH 11 (Fig. 2, III) resulted  in  to ta l degradation of these complexes into 
cyanocobalam in. Howeyer, the  electrophoresis in phosphate buffer, 
pH 6.5 (w ithout cyanide, Fig. 2, IV), resu lted  in the conyersion of only 
a part of B12-M-S into y itam in B12, w hereas B12-M was alm ost completely 
cleayed. The m ain fraction of Bi2-M -S reta ined  the characteristic  orange 
colour. W hen cyanide was added to the phosphate buffer (Fig. 2, V),
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Fig. 1. P a p e r  ch ro m a to g rap h y  of B12-M -S  an d  v ita m in  B12 in (A) b u ta n -2 -o l - 23"'a 
am m o n ia  -  w a te r  (100:1:50, by vol.); (B), b u ta n -2 -o l - 23% am m o n ia  - w a te r  -  5%> 
K CN  so lu tio n  (100:1:50:0.25, by vol.); (C), b u ta n -2 -o l - acetic  acid  - w a te r  - 5% K C N

so lu tion  (100:1:50:0.25, by vol.).

Fig. 2. E lec tro p h o re tic  p a tte rn s  of v itam in  B12, Bi2-M , B12-M -S  an d  B12-M -S ^ . 
E lec tro p h o re s is  w as p e rfo rm e d  in : (I), 1 N -acetic  acid , pH  2.7; (II), 1 n - acetic  
a c i d -0 .015%  K CN  so lu tio n ; (III), 0.1 м-KCN so lu tion , pH  11; (IV), p h o sp h a te  

b u ffe r , pH  6.5; (V), p h o sp h a te  b u ffe r, pH  6.5, w ith  0.015% KCN so lu tion .

A C TA  B IO C H IM . PO LO N ., vol. VII, 1965 (facing p. 198)
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[5] CORRINOID-PROTEIN COMPLEXES 199

a complete conversion of B12-M-S and B12-M into cyanooobalamin took 
place.

From these studies it appears th a t the acidic m edium  had a protecting 
effect against cyanide-induced conversion of the  corrinoid-protein
ccmplexes.

The absorption spectra of the crude Bi2-M -S preparation  and its  
electrophoretic fractions 1 and 3 (cf. Fig. 2, I) are illustrated  im Fig. 3. 
The spectrum  of the smali fraction 1 w as found to be typical for vitam in 
Bi2. Presence of th is compound in the  crude B12-M -S preparation  was 
probably due to the  insufficient protection of the preparation  against 
daylight during its isolation and purification. The absorption spectrum  
of fraction 3 was found to be sim ilar to th a t of 5,6-dim ethylbenzim ida- 
zolylcobamide coenzyme [4,5], indicating the  presence of this com
pound in the B12-M-S со тр іех . The crude B12-M-S preparation  con- 
taining fraction 1, had the absorption spectrum  slightly  d ifferen t from

10

Fig. S. A b so rp tion  sp e c tra : (--------- ),
of the c ru d e  B12-M -S  p re p a ra tio n , 
and  of th e  e le c tro p h o re tic a lly  se p a -
ra te d  frac tio n s  (----- ), B 12-M -S  1 and

(-----------), B21-M -S  3.

that of the vitam in B12 coenzyme. This w as m ost apparen t in the region 
of 350 mu, It is w orth  to rem em ber th a t all pu rified  cobamide coenzymes 
are c.iaracterized by a prom inent peak at 260 mu and by absence of an 
absorption т а х і т и т  a t 350 -360 mu, the  absorbancy peaks of the 
coenzymes in  the visible region being a t low er w avelengths th an  those 
of the corresponding vitam ins.

Fcr separating the free  from  bound form s of corrinoids, dialysis 
[7,24' and u ltra filtra tion  [11] w ith  th e  use of radioactive vitam in BJ2 
are the m ost commonly applied m ethods. These techniąues, however, have 
some disadvantages such as dissociation of the  с о тр іе х  [25] and partial 
denaturation of the protein  during the  procedurę, as w ell as variability
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200 J. JANICKI and OTHERS [6]

of resu lts  depending on the techniąue used. Recently, gel filtra tion  and 
chrom atography on Sephadex columns have been introduced [10]. The 
m olecular w eight of proteins bound to corrinoids has consistently been 
found to be above 5 000 [29], therefore Sephadex G-25, which excludes 
m ateria ł whose m olecular w eight exceeds 3 500 - 4 000, is especially

EFFluent (ml.)

Fig. 4. C h ro m a to g rap h y  o f th e  B i2JM -S  p re p a ra tio n  on C M -S ep h ad ex  G-25 co lum n 
(24 X 2 cm.). T he co lum n w as lo ad ed  w ith  a  so lu tio n  co n ta in in g  9.8 mg. of B12-M -S  
and  e lu ted  w ith  0.01 м  an d  0.05 M -K -phospha te  b u ffe r, pH  6.8. In  th e  e ff lu e n t 
th e  ex tin c tio n  w as m e a su re d  a t  (----- ), 260 т ц ;  (— • —) 280 т ц  an d  (--------- ), 530 т ц .

EFFluent (m i)

Fig. 5. C h ro m ato g rap h y  of th e  p h o to ly sed  B12-M -S  p re p a ra tio n  on C M -S ep h ad ex  
G-25 co lum n (24 X 2 cm.). T he co lu m n  w as loaded  w ith  a so lu tio n  co n ta in in g  
9.2 m g. of B12-M -S l an d  e lu te d  w ith  0.01 M an d  0.05 M -K -phospha te  b u ffe r, pH  6.8.
In  th e  e ff lu e n t th e  ex tin c tio n  w as m e a su re d  a t  (----- ), 260 т ц  (— • —), 280 т ц ;

an d  (--------- ), 530 т ц .
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[7] CORRINOID-PROTEIN COMPLEXES 201

suitable for separating free from  bound corrinioids [19]. To obtain 
additional confirm ation of the heterogeneity  of the B12-M -S оошріех, 
the  preparation  was chrom atographed on a CM -Sephadex G-25 column. 
In  the absence of daylight, B12-M-S separated into two heterogeneous 
fractions (Fig. 4) and after photolysis into four ooloured fractions (Fig. 5, 
peaks 1,2, 4, 5,6  and 7) and one colourless peak. The photolysis changed 
also the chrom atographic distribution of the  ooloured m ateriał. W hereas 
p rio r to photolysis the m ain fraction w as elu ted  w ith  0.01 м-^phosphate 
buffer, a fter exposure to light the m ain ooloured fraction w as elu ted  
w ith  0.05 iM^phosphate buffer (Fig. 5, peaks 6 and 7). This seem s to be 
due to a shift of the electric charge in the corrinoid m oiety, induced by 
photolysis. The extinction determ inations a t 280 and 530 т ц  in the 
effluents of the photolysed Bi2-M-S со тр іех  seem to indicate a  ra th e r 
strong binding of the  protein  to the oorrinoid. The laek of a typical 
p rotein  fraction w ith  E max a t 280 т ц  in the  effluents suggests th a t 
light-induced degradation of B12-M-S does not cause the liberation of 
the native  protein.

Fig. 6. UV a b so rp tio n  sp e c tru m  of th e  
co lum n  ch ro m a to g rap h ic  fra c tio n  3 of th e  
pho to ly sed  B i2-M -S  p re p a ra tio n  (cf. Fig. 5).

To obtain  fu rth e r da ta  concem ing the  fractions of B12-M -SL, the 
UV absorption spectra of peaks 3, 5 and 7 w ere determ ined. The spe
ctrum  of the  m ateria ł from  peak 3 w as typical for adenine w ith 
a т а х і т и т  a t 263 іщ  a t neu tra l pH (Fig. 6). This indicates th a t the 
m echanism  of photolysis involves the  cleavage of the carbon-cobalt bond 
withiin the  m olecule of the  B12-M-S со тр іех , followed by an electron 
sh ift resulting  in the liberation of an adenosine-like oompound. I t seems 
th a t the 5-deoxyadenosyl m oiety in the  cobamide coenzym es affects the

Wave!ength (mfj)
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202 J. JANICKI and OTHERS [8]

co-ordinate band betw een the  nucleotide and the cobalt atom. One of 
the characteristic  properties of the  cobamide coenzymes is the ir 
in stab ility  in  ligh t [28]. Exposure of an  aąueous solutian of coenzyme 
B |2 to light causes a loss of coenzyme aotivity  and  a change in the 
absorption spectrum . Photolytic cleayage of coenzyme B12 in the p re- 
sence of a ir resu lts  in  th e  formatioin of aąuocobalam in and two 
colourless compounds th a t have absorption spectra sim ilar to ade- 
nosine [3].

Cyanide converts the cobalam in coenzyme into cyanocobalamin by 
sp litting  off adenine and ery thro-3 ,4-d ihydroxy-l-penten-5-al [18]. This 
reaction is not affected by atm ospheric oxygen [5]. Various corrinoid 
coenzym es are  cleayed by light and cyanide in  the same m anner as the  
cobalam in coenzyme but a t d ifferen t rates [21]. The isolated pro tein- 
containing light-sensitive corrinoid p reparation  seems to have sim ilar 
properties. Peak 3 of the  photolysis product, w hich had an absorption 
m axium  at 263 тц., m ay be identical w ith the  adenine-/?-D-nbo- 
-pentofuranosyldialdose (adenosine-S^aldehyde) dem onstrated as a pro
duct of photolytic cleayage of coenzym e Bi2 [12]. This assumption, 
howeyer, reąu ires  fu rth e r studies.

Peak  5, yellow ish-brow n in colour, showed absorption m axim a at 
215, 338 and  476 ггцл w hich differed m arked ly  from  those of the  
n a tu ra lly  occurring yitam in B12 analogues. The spectrum  of peak 7 was 
sim ilar to th a t of crystalline y itam in  B12, except in haying a broad 
m axim um  betw een 260 and 280 гщл, indicating the  presence of protein. 
This fraction  7 suggests the  occurrence of light-induced conversion of 
the  B12-M-S с о тр іе х  in to  a stable protein-bound 5,6-dim ethylbenzim i- 
dazolylcobamide.

The amino acid composition of protein-containing light-sensitiye 
corrinoid p reparations is giyen in  Table 1. The am ounts of individual 
amino acids are  expressed as g. p e r 100 g. of the  whole с о тр іе х  and 
as percentages of to tal am ino acids found. Both the crude B12-M-S and 
the p repara tion  purified  aocording to M ulli & Schm idt [20] w ere ana- 
lysed. The purified  B12-M-S during paper electrophoresis in 0.1 N-acetic 
acid separated, sim ilarly  as the crude preparation, into two fractions 
w hich w ere also subjected to amino acid analysis. The electrophoretic 
fraction  2, containing a rela tiye ly  high am ount of glutam ic acid, was 
called the g lu tam ate fraction, and fraction  3 rich in glycine, the glycine 
fraction. In  a ll p repara tions analysed, 16 am ino acids w ere presen t but 
no cysteinę and/or cystine was found. Proline and glutam ic acid w ere 
presen t in  ra th e r  high am ounts in all th e  preparations studied. Among 
the basie am ino acids, histidine w as the predom inant one. These resu lts  
are sim ilar to those found earlie r [17] for the Bi2-M о отр іех  isolated 
from  P. shermanii cells under eonditions in  which light-induced degra- 
datiom of the  Bi2 coenzym e-like compounds could take place.
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T a b l e  1

Am ino acid composition oj the Bi2-M-S сотріех and its electrophoretic
jractions

F ro m  th e  p u rif ie d  B12-M -S  p re p a ra tio n s , fra c tio n s  2 (g lu tam ate) a n d  3 (glycine) 
w e re  s e p a ra te d  by e lec tro p h o res is  (Fig. 2, I). T he am o u n t of th e  re sp e c tiv e  am ino  
ac id  is g iven  A, in  g. p e r  100 g. of th e  с о т р іе х  an d  B, as p e rc e n ta g e  of th e  to ta l  
am in o  ac id s; th is  la t te r  v a lu e , as w e ll as th e  w e ig h t ra tio , w e re  c a lc u la ted  

w ith o u t taiking in to  accouint th e  N H 3 con ten t.

Amino acid
B12-M-S

crude
B12-M-S
purified

Glutamate
fraction

I
Glycine
fraction

A B A В A В A B

Lysine 0.86 4.32 0.39 3.71 0.20 1.71 0.18 2.96
Histidine 1.10 5.53 0.67 6.38 0.81 6.94 0.28 4.61
N H 3 4.04 — 3.71 — 4.08 — 6.23
Arginine 0.34 1.72 0.17 1.62 0.12 1.03 0.06 0.98
Aspartic acid 0.48 2.41 0.32 3.05 0.36 3.09 0.20 3.29
Threonine 0.77 3.87 0.58 5.52 0.94 8.06 0.22 3.62
Serine 0.37 1.86 0.11 1.05 0.40 3.43 0.22 3.62
Glutamic acid 3.43 17.23 1.67 15.50 2.68 22.98 0.90 14.80
Proline 5.45 27.38 3.11 29.62 3.41 29.24 1.20 19.74
Glycine 1.07 5.38 1.10 10.47 0.48 4.12 1.49 24.51
Alaninę 0.26 1.31 0.15 1.43 0.23 1.97 0.12 1.99
Ѵаііпе
Methionine

1.28 6.43 0.38 3.62 0.28 2.40 0.22 3.62

+  M et-S02 0.37 1.86 0.19 1.81 0.20 1.71 0.17 2.80
Isoleucine 0.61 3.07 0.35 3.33 0.18 1.54 0.21 3.45
Leucine 1.59 8.00 0.85 8.09 0.98 8.40 0.30 4.93
Tyrosine 0.31 1.56 0.04 0.38 0.10 0.86 0.06 0.98
Phenylalanine 1.62 8.14 0.51 4.86 0.30 2.51 0.25 4.11

Total minus N H 3 19.91 100.1 10.51 100.44 11.66 100.05 6.08 100.01

Protein to corri
noid wt. ratio 1:4.0 1:8.5 1:7.6 1:15.4

The B12-M-S со тр іе х  differs greatly , however, from  the B12-M as 
regards the ratio  of the pro tein  to the  corrinoid. This value was found 
to be 1:1 for B12-M w hereas for the crude B12-M-S it w as 1:4 and for 
the glycine fraction еѵѳп 1:15. The low er am ount of p ro te in  in the 
B12-M-S со тр іех  seems to indicate th a t only p a rt of the p ro te in  p resent 
in B12-M combines w ith the  light-sensitive form  of corrinoids.

The am ount of glycine in the pro tein  of the crude Bi2-M -S prepa- 
ra ticn  w as found to be a t least tw ice as great as th a t in the  p ro te in  of 
the B12-M preparation  [17], and in  the  light-sensitive p reparations 
studied the  content of glycine w as g rea ter w hen the content of pro tein  
was sm aller. This seems to suggest th a t glycine, or its  polypeptide, has 
a specific functiom in the s tru c tu re  and biological activity  of the Bi2-M-S
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complexes. The am ounts of o ther amino acids present in B12-M-S and 
B12-M compounds w ere fa irly  similair w hich m ay indicate th a t a highly 
specific protein  is reąu ired  for the  form ation of these complexes.

The purificatiom of the crude Bi2-M -S preparation  resu lted  in  the
loss of half of the  pro tein  content, pm bably due to the  гето ѵ а і of
loosely bound protein; sim ultaneously an increase w as obseryed of
glycine, threomine, aspartic acid and histidine contents w hereas the 
am ounts of tyrosine, phenylalanine, yaline, serine and lysine became 
lower.

The two fractions 2 and 3 obtained by electrophoresis from  the 
purified  B12-M-S со тр іех  differed m arked ly  in their protein  contents. 
The glutam ate fraction contained 12°/o of protein  w hereas the  glycine 
one, only 6% . In  comparison w ith  the purified  B12-M-S со тр іех , the  
g lutam ate fraction had significantly h igher am ounts of serine, tyrosine, 
threonine, alaninę and glutam ic acid, the same am ounts of histidine, 
aspartic  acid, proline, leucine and m ethionine, and sm aller am ounts of 
the rem aining amino acids. On the  o ther hand, the glycine fraction  
contained m ore serine, tyrosine, glycine, m ethionine and alaninę, and 
less leucine, arginine, threonine, proline and histidine, than  the B12-M-S 
со тр іех . The amino acid composition of the glutam ate and  glycine 
fractions was sim ilar except for arginine, aspartic acid, serine, alaninę 
and tyrosine. The obtained resu lts  seem to indicate th a t the  B12-M-S 
p repara tion  contained a t least two complexes differing in the ir protein  
content and amino acid composition.

T a b l e  2

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

F ra c tio n s  2 an d  3 s e p a ra te d  by  e lec tro p h o re s is  of B 12-M -S  in  1 N -ace tic  acid  
pH  2.7 (Fig. 2, I), w e re  used . R esu lts  a re  m ean  v a lu es  from  th re e  p re p a ra tio n s .

Substance
Activity in relation to vitamin B i2 (%,)

Platę assay Tube assay

B12. crystalline 100 100
Crude B12-M-S 53 24
Electrophoretic fraction 2 50 28
Electrophoretic fraction 3 101 62

The crude B12-M -S preparation  and its  two fractions separated  by 
electrophoresis (Fig. 2, I) w ere tested  for grow th factor activ ity  on 
E. coli. The preparations containing less p ro te in  w ere found to have 
higher activ ity  w hereas the  preparations w ith  g rea ter protein  content 
w ere less active (Table 2); i t  seem s therefore th a t the grow th factor 
actiy ity  is a p roperty  of the  corrinoid m oiety.
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So far, no .naturally occurring light-sensitive protein-containing 
corrinoids have been isolated from Propionibacterium shermanii and 
characterized. I t  seems possible th a t the  B12-M-S complexes m ay act as 
enzymes in  the knoiwn reactions depending on B12.

The data presented  in th is paper m ay be oonsidered as an a ttem pt 
to elucidate the  problem  of the occurrence in n a tu rę  and biological 
funetions of varioaxs light-sensitive protein-containing corrinoids. It is 
now recognized th a t all the n a tu ra lly  occurring corrinoids apparently  
exist in the  coenzyme form. This form  presum ably arises soon a fte r the 
biosynthesis of the oorrin ring and the incorporation of the oobalt 
atom, perhaps a t the  stage of pentacarboxylic acid which, łike o ther 
related  polycarboxylic acids, can be oonverted enzymically into its 
coenzyme form  [6]. The stage at w hich protein  is bound to the corrin 
ring during the form ation of the B12-M -S-type compounds, rem ains still 
unknown.

SUMMARY

A light-sensitive ccrrinoid-protein  оощріех (B12-M-S) w as isolated 
from  P. shermanii-1 cells. The colour and absorption spectrum  of 
Bi2-M-S w ere both d ifferen t from  those of the  preparation  isolated on 
light (B12-M) and indicated the presence of coenzyme B12. B12-M-S on 
paper chrom atography, electrophoresis and CM -Sephadex G-25 colum n 
chrom atography appeared to be heterogeneous but was not degraded 
into v itam in B12. On photolysis it was converted to  B12-M, and w ith 
KCN gave cyanocobalamin.

The amino acid oomposition of B12-M-S differed from  th a t of B12-M. 
The ratio  of pro tein  to corrinoid in  B12-M was as 1:1 and in B12-M-S 
varied from  1:4 to 1:8, depending upon the grade of purity . The growth
factor activity of the B12-M -S preparations for E. coli w as inversely
proportional to the protein  contents.
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ŚW IA TŁO C ZU ŁE PO CH O D N E K O M PL E K SÓ W  K O R Y N O ID O W O -B IA Ł K O W Y C H  
Z K O M Ó R EK  P R O P IO N IB A C T E R 1U M  S H E R M A N II

S t re s zc ze ni e

Z kom órek  P. sh e rm a n ii- 1 w y izo low ano  św ia tłoczu ły  kom pleks k o ryno idow o- 
-b ia łk o w y  (B12̂ M-S). B arw a  i w idm o B12-M -S  w sk a z u ją  na obecność koenzym u 
B12 i ró żn ią  się  od k o m p lek su  izo low anego  p rzy  dostęp ie  św ia tła  (B12-M). E le k tro 
fo reza , ch ro m a to g ra fia  b ib u ło w a i rozdział n a  ko lu m n ie  C M -S ep h ad ex  G-25 w y 
kaza ły  n ie jed n o ro d n o ść  k o m p lek su  B12-M -S ; n ie  stw ie rd zo n o  je d n a k  ro zp ad u  do 
w itam in y  B12. Z id en ty fik o w an o  dw ie f ra k c je , z k tó ry ch  je d n a  zaw ie ra ła  dużo 
kw asu  g lu tam inow ego , d ru g a  zaś g licyny. F o to liza  B12-M -S  pow odow ała  p o w stan ie  
B12-M , a  w  obecności cy jan k ó w  p o w staw an ie  cy jan o k o b a lam in y .

S k ła d  am inokw asow y  B12-M -S  ró żn ił się  od p re p a ra tu  B12-M . S to su n ek  b ia łk a  
do k o ry n o id u  by ł w  B12-M  1:1, zaś w  B12-M -S  w ynosił od  1:4 do 1:8 w  zależności 
od s to p n ia  oczyszczenia. A k ty w n o ść  w zro sto w a p re p a ra tó w  B i2-M -S  w obec E sche-  
rich ia  co li b y ła  o d w ro tn ie  p ro p o rc jo n a ln a  do zaw arto śc i b ia łk a  w  kom pleksach .

R eceived  3 D ecem ber 1964.
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D e p a r tm e n t o f B io ch em is try , C ollege o f A g ricu ltu re , P oznań

A num ber of m icro-organism s are  know n to produce propan-l,3-diol 
during  glycerol ferm entation. A lready half a cen tury  ago Voisenet [14] 
postulated  th a t /?-hydroxypropionaldehyde m ay be an  in term ediate  in 
th is reactiom. However, it was only in 1960 th a t Abeles et al. [1] dem on- 
stra ted  the form ation of th is compound in a cu lture of Aerobacter aero- 
genes (ATCC 8724) using semicarbazide as the aldehyde-trapping agent. 
N evertheless, Abeles & Lee [2] w ere unable to dem onstrate the form ation 
of /?-hydroxypropionaldehyde by the cell-free ex tract obtained from  this 
strain , although this preparation  w as able to catalyse sim ilar reactions 
converting ethylene glycol into acetaldehyde and p ro p an -l,2-diol into 
propionaldehyde. Sm iley & So<bolov [12] w ere the first to dem onstrate in 
vitro  the enzymie synthesis of hydroxypropionaldehyde from  glycerol, 
using an ex tract of acetone-dried Lactobacillus 208-A cells.

In  1962 it has been observed in this laboratory th a t A. aerogenes 
cu ltu red  in anaerobic conditions on glycerol-containing medium, is a rich  
source of enzym es converting ethylene glycol into acetaldehyde [16], 
propan-l,2-diol into propionaldehyde [9], and glycerol into /?-hydroxypro
pionaldehyde. Ali these reactions are coenzyme Bi2-dependent and the 
conversion of glycerol has been used in th is laboratory as an assay system  
for testing the activity of coenzyme B12 analogues [15, 18, 19, 20].

The present w ork describes the generał properties of the enzyme 
system  isolated from  Aerobacter aerogenes (PZH, stra in  no. 572) w hich 
catalyses the conversion of glycerol into /?-hydroxypropionaldehyde.

MATERIALS AND METHODS

Coenzymes. Coenzyme B12 and the  coenzymic form  of cobinamide 
were isolated from  a cu ltu re  of Propionibacterium shermanii [17] and 
additionally purified  by paper electrophoresis and chrom atography as
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described by Pawełkiewicz et al. [8]. Coenzyme B42 obtained by Chemical 
synthesis [18] w as also used. Co-ethylcobalam in w as obtained from  
cyanocoba lam in by the m ethod described for th e  synthesis of Co-m ethyl- 
cobinam ide [15]. Co-5'-deoxyuridylcobalam in was synthesized according 
to Zagalak & Pawełkiewicz [18].

Reagents. S treptom ycin su lphate  w as a product of Tarchom ińskie Za
kłady Farm aceutyczne - Polfa (W arszawa-Tarchom in). DL-Tryptophan 
and DL,-serine w ere from  N utritional Biochemicals Co. (Cleveland, Ohio, 
U. S. A.); N -ethylm aleim ide and m ercaptoethanol from  T. Schuchardt 
(Munich, Germ any); p-chlorom ercuribenzoic acid from  L. Light Co. 
(Colnbrook, England). O ther reagen ts  w ere from  Fabryka Odczynników 
Chemicznych (Gliwice, Poland).

The enzymie hydrolysate of casein w as prepared according to Paw eł
kiewicz & Zodrow [10]. Yeast au to lysate w as prepared in  the  following 
w ay: 5 kg. of pressed baker’s yeast was suspended in 5 litres of tap w ater, 
added w ith  50 ml. of toluene and thoroughly m ixed. The m ixture  was 
left for 4 days a t 37°, the  pH being adjusted  tw ice daily w ith con- 
cen trated  ammonia to 7 - 8 .  Then the m ix tu re  was steam -heated in 
a Koch apparatus for 30 min., oooled and centrifuged. From  the elear 
supernatan t, the rem aining to luene w as rem oved a t 80° under reduced 
pressure, th en  the autolysate w as sterilized for 30 min. at 120°.

Growth oj the organism. Aerobacter aerogenes (strain  no. 572) was 
obtained from  the collection of the  S tate Institu te  of Hygiene, W arsza
wa. Stock cu ltures w ere kept on agar slopes and subcultured еѵегу 
7 - 1 0  days.

For experim ents, the bacteria w ere cu ltu red  at 29° in a m edium  
consisting of: 400 ml. of baker’s yeast autolysate, 150 ml. of trypsin  
hydro lysate of casein, 12 g. of KH 2P 0 4, 28 g. of K2H P 0 4, 0.8 g. of 
M gS04 • 7H20 , 10 mg. of CoS04 • 7H20 , 195 g. of 85% glycerol, and tap 
w ater to  a finał yolume of 8000 ml. The m edium  was adjusted to pH 7.0 
w ith  O.liN-NaOH. Then two conical flasks, 25- and 100-ml., w ere filled 
w ith  the m edium  and the rem ainder w as poured into a 10-litre  fla t- 
-bottom ed fiask provided w ith  a glass tube reaching to the bottom  of 
the vessel for flushing nitrogen. The m edia w ere sterilized for 30 min. 
a t  1 atm osphere pressure. The inoculum  w as prepared by transferring  
the bacteria w ith  a platinum  loop from  the agar to the 25-ml. fiask; 
a fte r 18 hr. the cu ltu re  w as poured into th e  100 ml. fiask and after 
fu rth e r  18 hr., to the 10-litre fiask. There the bacteria were allowed to 
grow for 18 hr., a stream  of n itrogen  from  a h igh-pressure tank  being 
flushed a t a ra te  of 100- 150 ml. per m inutę. The n itrogen  was freed of 
oxygen by passing through a solution of pyrogallol in potassium  hydrox- 
ide, and from  bacteria by passing through a bacterial filter.

Preparation oj celi extracts. A bout 50 ml. of bacteria, haryested by 
centrifugation for 40 min. a t 6000 g., w ere added w ith  70 m l. of w ater,
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cooled in an ice bath to 2 - 4°, and the pH adjusted  to 8.5 w ith 
1 n-KOH. The cells were d isintegrated for 20 min. in  the U ltrasonic 
MSE ”M ulard” apparatus (60 W, 20 kc), w ith sim ultaneous cooling on 
the ice bath. Then the suspension was added w ith  400 mg. of active 
charcoal (Carbopol H2, pH 7) and a fte r  20 min. on the ice bath, 
cen trifuged  for 15 min. at 60 000 g. The elear supernatan t was added 
w ith  5 ml. of 20% streptom ycin sulphate (calculated for frge base) and 
a fte r  fu rth e r  20 min. added again w ith  200 mg. of charcoal, left for 
15 m in. on the  ice bath and centrifuged as above. The elear supernatan t 
was dialysed against distilled waiter a t about 1° for 24 hr. The precipita- 
ted  globulins w ere centrifuged off (25 min. at 75 000 g) and the slightly  
opalescent ex trac t obtained, containing 1 0 -1 5  mg. of protein par 1 ml. 
and less than  0 .01%  of nucleic acids, was stored at - 10°. If a preparation  
still contained traces of coenzyme BJ2 giving a distinct reaction in the 
blank test, it was added again w ith 200 mg. of charcoal and treated  as 
described above.

Analytical assays. Corrin coenzymes w ere determ ined after KCN 
trea tm en t by m easuring the extinction at 580 т ц . For all corrinoid 
dicyanides tested, the m olar extinction coefficient 10.1 X 103 [3] was 
adopted.

P ro tem  w as estim ated spectrophotom etrically at 260 and 280 т ц  [6].
G lycerol was determ ined photocolorim etrically [5] after its oxidatiom 

w ith  periodide to  form aldehyde (two m oles of form aldehyde being 
form ed per one mole of glycerol) and assaying form aldehyde w ith  
chrom otropic acid. The standard  of form aldehyde was prepared by 
oxidizing DL-serine under the same conditions.

/?-Hydroxypropionaldehyde was determ ined according to Sm iley 
& Soboloy [12] as described previously [15], the extinction being 
m easured at 555 mi+ in 1 cm. wide cuyette.

For extinction determ inations, a Hilger H 700 spectrophotom eter and 
a Bausch-Lom b Spectronic 20 photocolorim eter were used.

Determination of enzymie activity. The ineubation m ixture  contained 
in  1 ml.: enzymie ex traet containing 0.5 - 1.5 mg. of protein, 50 ц-moles 
of glycerol, 40 i+moles of K -phosphate buffer, pH 8, and 0.05 nmmoles 
of coenzyme B]2. The addition of coenzyme B12 s ta rted  the reaction. In 
the blank sam ple coenzyme B12 was om itted. The ineubation was carried  
out for 10 min. a t 37°. The activ ity  was expressed in  extinction un its  of 
/?-hydroxypropionaldehyde form ed per sample. The addition of ooenzy- 
me B12 as well as the ineubation were carried  out in a darkened room. 
For serial determ inations, a m odification was in troduced consisting in 
cooling the sam ples on an ice bath to  about 5° before the addition of 
coenzyme B12, and thereafter starting  the reaction by transferring  the 
sam ples to a w ater bath of a tem pera tu rę  of 37°; a fte r ineubation the  
reaction was stopped by cooling on an ice bath.
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RESULTS AND DISCUSSION

Incubation of cell-free ex trac t from  Aerobacter aerogenes w ith  
potassium  phosphate buffer and glycerol in the  presence of coenzyme 
B12 resulted  in  form ation of /?-hydroxypropionaldehyde. This w as

4000 3000 2000 1500 Treąuency (cm. ) gQQ eoo 700

Fig. 1. Im frared ab so rp tio n  sp e c tru m  in  K B r cxf 2,4 -d in itro p h e n y lh y d ra z o n e  o f
ac ro le in e  fo rm ed  fro m  - h y d r o x y p ro pdonaldehyde  d u rin g  (incubation  o f g ly ce ro l
w ith  th e  c e ll-f re e  p re p a ra tio n  fro m  A. aerogenes. T h e  in cu b a tio n  m ix tu re  w as  
h e a te d  w ith  a so lu tio n  of d in itro p h e n y lh y d ra z in e  in  2 -n -H C I to  a tem p . o f 60° 
and  th e  h y d razo n e  fo rm ed  w as  e x tra c te d  fro m  ch lo ro fo rm  an d  c ry s ta llized .
A cro le in e  d in itro p h e n y lh y d rą ż o n e : ( -------- ), iso la ted  fro m  th e  in cu b a tio n  m ix tu re ;

( -), a u th e n tic  sam ple .

Time oF incubation (min.)

Fig. 2. T he e ffec t of tim e  o f in cu b a tio n  
on th e  fo rm a tio n  of /? -h y d ro x y p ro p io n a l- 
dehyde  fro m  g ly ce ro l by th e  ce ll-f re e  
p re p a ra tio n  fro m  A . aerogenes. F o r con- 
d itions see M ethods. In c u b a tio n : (O ), a t  
27° or ( • ) ,  a t 37°. T he p lo t o f l / t  ag a in s t 

l /u  is a lso  show n.
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[5] ENZYMIC CONYERSION OF GLYCEROL 211

dem onstrated by transform ing /?-hydroxypropionaldehyde to acroleine 
by heating w ith 2 N-HC1; the acroleine form ed was converted to 
2,4-dinitrophemylhydrazone which w as identified by m elting point de- 
term ination (m. p. 165°) and in frared  absorption spectrum  [11] (Fig. 1).

The am ount of hydroxypropionaldehyde form ed imereased w ith the 
time of incubation but no t at a linear ra te  (Fig. 2). The curve obtained 
in experim ents perform ed at 27° had the same character suggesting 
that there  was no therm al inactivation of the enzyme during  incubation. 
It should be noted, however, tha t the plot of 1/E against l / t  gave 
a stra igh t linę. This point will be discussed later in connection w ith the 
kinetics of glycerol conversion.

F ig . 3 Fig. 4

Fig. 3. T he e ffec t o f p ro te in  co n cen tra tio n  on  th e  r a te  o f /? -h y d ro x y p ro p io n a l- 
dehyde fo rm a tio n  f ro m  g ly ce ro l by  th e  c e ll-f re e  p re p a ra tio n  fro m  A . aerogenes.

F o r comditions see M ethods.

Fig. 4. C hanges in th e  enzym ie  ac tiv ity  o f th e  ce ll-f re e  p re p a ra tio n  fro m  A. aero
genes  d u rin g  s to rag e  a t  -10°. A fte r  th aw in g , sam p les  co n ta in in g  1.5 mg. p ro te in  

w e re  ta k e n  an d  th e  a c tiv ity  w as d e te rm in e d  as desc rib ed  u n d e r  M ethods.

W ith constant coenzyme B12 am ount, the reaction w as proportional 
to the concentration of protein  reaching  its m axim um  w hen the 
coenzyme became sa tu ra ted  w ith  the apoenzyme. F u rth e r  addition of 
protein did not enhance the reaction and an excess had even an inhibitory 
effect (Fig. 3). Therefore the am ount of the p ro te in  per sam ple was 
chosen so as to obtain  the optim um  reaction  ra te  in the presence of 
0.05 т м т о іе  of ooenizyme Bi2, this being 0 .5 -1 .5  mg. depending on the 
ex trac t preparation. The activity  of preparations stored at -10° inereased 
a t first, reaching a т а х і т и т  betw een the 5th and 8th  day, and then  
s lo w ly  decreased (Fig. 4).

A pH optim um  was found a t pH 8, the activity a t pH 6 being omly 
10%  of the т а х і т и т  (Fig. 5). These data differ from  those obtained by
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Sm iley & Sobolew [12] for the enzyme extracted  from Lactobacillus cells 
which had the pH optim um  at pH  5.9 and was inactive at pH values 
exceeding 7.5.

The effect of tem pera tu rę  on the  conversion of glycerol is shown 
in Fig. 6. For 10 min. ineubation, the optim um  was found to be at 37° 
and the reaction ra te  deereased rapidly  both above and below this value.

F ig . 5. T he e ffec t of pH  on th e  fo rm a tio n  o f /? -h y d ro x y p ro p io n a ld eh y d e  from  
g ly ce ro l by th e  c e ll-free  e x tra c t f ro m  A. aerogenes. T he sam p les  co n ta ined  
40 м -p o tass iu m  p h o sp h a te  b u ffe r  of th e  in d ic a te d  pH  values. F o r d e ta ils  see

M ethods.

F ig . 6. T he e ffec t o f te m p e ra tu rę  on  th e  fo rm a tio n  of /? -h y d ro x y p ro p io n a ld eh y d e  
fro m  g lycero l by  th e  ce ll-free  e x tr a c t  from  A . aerogenes. F o r co nd itions see

M ethods.

The am ount of the buffer affects the reaction rate, the optim um  
being found at a concentration of potassium  phosphate exceeding 30 т д  
(Fig. 7). In  tris  buffer w ithou t the addition of K + ion the reaction did 
not occur. Addition of K + ion activated the enzyme which, however, 
even at a concentration of 100 тм -К С І, did not a tta in  an activity  eąual

K-phosphate or KCI concn. (mu)

Fig. 7. T he effeo t of co n cen tra tio n  of
(O ), p o ta ss iu m  p h o sp h a te  b u ffe r 
a n d  (A ), K CI co n cen tra tio n  in  tr is  
b u ffe r, on th e  fo rm a tio n  of /5-hydro- 
x y p ro p io n a ld eh y d e  fro m  g lycero l by 
th e  ce ll-f re e  e x tra c t from  A. aerogenes. 

pH  8.0, fo r d e ta ils  see  M ethods.
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T a b l e  1

The ef fect  of unwalent cations on the enzymie conversion of 
glycerol into fi-hydroxypropionaldehyde

S ta n d a rd  in eu b a tio n  m ix tu re , in  w h ich  40 fm ioles of К -p h o sp h a te  b u ffe r  w ere  
rep laced  by 10 ц т о іе к  of tr is  b u ffe r, p H  8.0, w as in eu b a ted  w ith  th e  ad d itio n  
of 20 um oles of ch lo ride  o f th e  in d ica ted  ca tion . F o r d e ta ils  see tex t. A c tiv ity  is 

exp ressed  in  relatiom  to th e  a c tiv ity  w ith  K + , ta k e n  as 100.

Cation Activity (%)

K+ 100
Li+ 184
N a+ 0
Rb+ 95
n h 4+ 151

to th a t in potassium  phosphate. K + ion could be replaced by L i+, R b+ 
and NH4+; the L i+ and NH4+ ions being even m ore effective w hereas 
N a+ had no effect (Table 1). The effect of K + and o ther univalent 
cations on the enzymie system  from  Lactobacillus has been reported  
by Smiley & Soboloy [12]. It seems possible th a t in the conyersion of 
glycerol the univalent cations actiyate one of the constituent enzymes, 
sim ilarly as it has been found for the  conyersion of ethylene glycol into 
acetaldehyde [16]; in this reaetion acetaldol, the interm ediate m etabolite 
form ed from  glycol, is cleaved to acetaldehyde by an aldolase which 
reąuires K + ion and is inhibited by N a+.

T a b l e  2

The effect  of  SH-group reagents on the enzymie conversion of 
glycerol into  /1-hydroxypropionaldehyde

T he S H -g roup  re a g e n t in d ica ted  w as ad d ed  to  th e  s ta n d a rd  in eu b a tio n  m ix tu re  
befo re  th e  a d d itio n  of coenzym e B12. F o r d e ta ils  see  tex t.

Inhibitor Concentration
(тм )

Inhibition
(%)

| A-Ethylmaleimide 0.01 22
0.05 35
1.0 99
5.0 100

/;-Chloromercuribenzoate 0.01 20
1.0 100

The reaetion was inhibited by SH -group reagents, such as N -ethyl- 
m aleim ide and p-chlorom ercuribenzoate (Table 2) which at 1 т м  
concentratiom caused a total inhibition. In  these experim ents, the  
SH -group reagents were added to the  ineubation m ix ture  after the

[7]

http://rcin.org.pl
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addition of coenzyme B12. If this o rder was reyersed, the inhibition 
w as m uch less manked; th is seems to  indicate th a t the  SH groups of the 
apoenzym e are d irectly  or indirectly  imvolved in the coenzyme binding. 
The same conclusion has been reached by Smiley & Soboloy [12,13].

The conyersion of glycerol is dependent on coenzyme B12, which could 
be replaced by o ther corrinoid coenzymes. I t w as found previously [18] 
th a t the natu rally  occurring derivative of pseudovitam in B12 (Co-5'- 
-deoxyadenosyladenyloobam ide) w as actiye, w hereas no activ ity  was 
obseryed w ith derivatives of coirinoids no t possessing the nucleotide 
group (so-called incom plete analogues), such as the  derivatives of 
oobinamide and cobyrinic acid. This seems to indicate a certain  specifi- 
city of the enzyme(s) involved. A sim ilar specificity, shown тогеоѵег 
tow ards the cyanide forms, has been obseryed in the microbiological 
assays w ith  Euglena gracilis [7].

The effect of coenzyme B12 concentration on the reaction yelocity 
can be represen ted  by the L inew eaver-B urk plotting m ethod as 
a stra igh t line w hen l/u  is plo tted  against 1/[S]2 (Fig. 8), v  being the 
yelocity of the reaction in extinctiom units and S concentration of the 
coenzyme. This relationship m ay be deduced from the eąuation:

k + \ k+2
E +  2S^=±ES2 >E -f P

k-1

and thus, assum ing a steady-state

^ ~  Vm ' Vm ' [SP 0 )
w here

k — i “b k+ 2
Km “  7 , Vm = k + 2 Eq,

K+l
and E0 total concentration of the  enzyme. It has been dem onstrated that 
eąuation  (1) holds too for the data obtained during a 4 min. incubation 
period of the samples. From  Fig. 8 it w as found graphically  th a t K m 
is 1.3 X 10- 15m2. These data suggest tha t one m olecule of the  apoenzy
me binds w ith  two m olecules of coenzyme B12 which m eans th a t the 
enzyme has two actiyity  centres.

Inhibition of glycerol conyersion by some analogues of coenzyme 
B12 seems to  confirm  the bim olecular reaction betw een the  coenzyme 
and ajpoenzyme. As it has been shown preyiously [15, 18], th is reaction 
is strongly inhibited by a num ber of Co-isubstituted analogues of 
coenzyme B12 in which the 5'^deoxyadenosyl group is replaced by another 
deoxynucleoside o r an alkyl group. The reaction inhibited by Co-5'-deo- 
xyuridylcobalam in is shown in Fig. 9 plotted according to D ixon [4]. In 
this case, also a stra igh t line was obtained proyided th a t the concentra-
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tion  of the  inhibitor was expressed as [I]2. From  Fig. 9 i t  appears th a t 
the  uridy l analogue of coenzyme B12 is a oom petitive inhibitor and from  
the  in tercep t on the abscissa the inhibition constant for th is analogue 
w as found to be K-, 7.3 X 10“14to2. O ther analogues of coenzyme B12 also 
inhibited the reaction, Co-ethylcobalam in being one of the most potent 
inh ib itors (К,-3.5 X 10- 16M2).

3 -

Fig . 8. T h e  effeo t of coenzym e B12 co n cen tra tio n  
on  th e  fo rm a tio n  o f /? -h y d ro x y p ro p io n a ld eh y d e  
fro m  g ly cero l by th e  c e ll- f re e  p re p a ra tio n  from

A . aerogenes. F o r cond itions see M ethods.

F ig . 9 Fig. 10

F ig . 9. C o m p e titiv e  in h ib itio n  of conversion  of g lycero l in to  /? -h y d ro x y p ro p io n a l- 
deh y d e  by Co-5/-d eo x y u rid y lc o b a lam in , p lo tted  acco rd ing  to D ixon [4]. C oncn. o f 
coenzym e B12 p e r  1 m l. of th e  in cu b a tio n  m ix tu re : (O ), 0.0125 m um oles ; ( • ) ,

0.0250 m um oles. F o r d e ta ils  see M ethods.

F ig . 10. T he effeo t of g ly ce ro l co n cen tra tio n  on  /? -h y d ro x y p ro p io n a ld eh y d e  fo r 
m a tio n  by th e  ce ll-f re e  p re p a ra tio n  fro m  A. aerogenes. F o r d e ta ils  see M ethods.
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The presence of two activity  centres in the enzyme seems to be 
supported by the experim ents on the effect of glycerol concentration 
on the ra te  of hydroxypropionaldehyde form ation (Fig. 10). Also in th is 
case the L inew eaver-B urk plot of l/u  against 1/[S]2 gave a stra igh t line 
and the value of K m 3.6 X 10-6 M2 was found graphically. The data 
concerning the effect of the time of reaction on the am ount of hydro- 
xypropionaldehyde form ed (cf. Fig. 2) also seem to confirm  the second- 
-o rder reaction. If it is assumed th a t the velocity of glycerol conyersion 
follows the eąuation

dx
—  = k ( a ~ x ) 2 (2)

w here a is the initial concentration of glycerol and x  the  concentration 
of hydroxypropionaldehyde form ed during tim e t, then  after in tegration 
the following is obtained

a 1 1 1 1
kt =  —    that is — =  — - • — -ł  (3)

a (a — x )  x  ka2 t a  7

From  eąuation (3) it appears th a t the plot of \ / x  against l / t  should give 
a straight line, which is in agreem ent w ith  the experim ental data (Fig. 2). 
From  this plot it is possible to determ ine the velocity constants к for 
the reactions taking place a t two d ifferen t tem peratures, and the  
activation energy of the reactions therefrom . This was calculated to be 
12.5 Kcal/mole.

The data presented should be in terp re ted  w ith  caution sińce the  
experim ents were perform ed using a crude enzymie preparation  and 
w ere aimed a t determ ining only its generał properties. F u rth e r  purifica- 
tion of the  enzyme(s) involved is reąu ired  before m orę reliable data 
can be obtained.

The same enzyme system  is know n to catalyse sim ilar reactions 
conyerting ethylene glycol into acetaldehyde and p ro p an -l,2-diol into 
propionaldehyde. Ali th ree  reactions are dependent on coenzyme Bi2, are 
inhibited by same of its analogues, reąu ire  the presence of K + ion, and 
have the same tem pera tu rę  and pH optim a. There is also a m arked 
sim ilarity  in the Chemical s truc tu re  of the substrates and produets. The 
reactions differ, howeyer, in the ir kinetic properties, the conyersions 
of diols being reactions of f irs t o rder [18] w hereas the  conyersion of 
glycerol is a reaction of second order.

The sim ilarities in the  enzymie conyersion of diols and glycerol 
perm it to assume that the ir m echanism s as well m ay be very sim ilar 
o r identical. I t  has been preyiously dem onstrated [16] th a t the conyersion 
of ethylene glycol is a с о тр іе х  reaction catalysed by two enzymes, w ith 
acetaldol being form ed as the in term ediate product. It seems probable
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th a t the  conyersion of glycerol m ay follow the same pattern ; thus the  
enzym ie system  studied would catalyse the following reactions

R R R R
ApoE (Coenzyme B ,,)2 I I Aldolase I

2 CH—OH , ____ — x CH2—CH—CH—C H O ------------- > 2 CH2
I I (K + ) I

С Н ,—OH OH CHO

w here R, is CH2OH, H, o r CH3. In the firs t reaction two m olecules o f 
the  substra te  would be conyerted into one m olecule of a corresponding 
aldol. In  the second reaction the aldol would be cleayed by aldolase into 
two m olecules of aldehyde (hydroxypropionaldehyde, acetaldehyde or 
propionaldehyde). The order of the оѵегаіі reaction is determ ined by the 
slow er reaction. In the  conversion of glycerol, this m ay be the second- 
-order reaction of glycerol conversion in to  th e  aldol of hydroxypropion
aldehyde, w hereas in  the  conyersion of diols, the reaction catalysed by 
aldolase. In  agreem ent w ith the experim ental data it seem s also possible 
to adyance a suggestion concerning the s truc tu re  of the coenzyme 
B12-dependent enzyme. It seems possible th a t th is enzyme possesses two 
active centres w ith  two coenzyme B12 m olecules and th a t these centres 
are in close vicinity. At eaeh of them  the substrate  could be oonverted 
into the corresponding aldehyde and the two adjacent m olecules would 
im m ediately undergo aldolization, form ing the in term ediate product o f 
the reaction. This suggestion reąu ires confirm ation, and fu rth e r expe- 
rim ents are in progress.

The authors w ish to thanik Prof. Dr. M. W iewiórowski from  the  
D epartm ent of O rganie Chem istry of the U niversity in Poznań, for 
perform ing the in frared  spectral analyses.

SUMMARY

A cell-free ex tract catalysing the coenzyme B12-dependent conversion 
of glycerol into /?-hydroxypropionaldehyde was obtained from  Aerobacter 
aerogenes cells grown on a glycerol-containing medium. The optim um  
pH for the reaction was 8.0, the optim um  tem peratu rę  37°. The reaction 
reąu ired  K + iom which could be replaced by L i+, Rb+ or N H +4 ions but 
not w ith N a+. The reaction was inhibited by SH -group reagents and 
inhibited com petitively by some synthetic analogues of coenzyme B12. 
K inetic studies indicated th a t the conyersion of glycerol is a reaction of 
second order, the K m yalue being 3.6Х10 ' 6 іМ2. It has been dem onstrated 
tha t one molecule of the apoenzym e binds two m olecules of coenzyme 
B12. The K m value for coenzyme Bi2 was found to be 1 .3X 10 15m2. 
It seems th a t the enzyme has two active centres and th a t the conyersion 
of glycerol m ay take place in two steps catalysed by two enzymes.
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ENZY M A TY CZN E P R Z E K SZ T A Ł C E N IE  G L IC E R O L U  W A LD EH Y D  
/?-H Y D R O K SY PRO PIO N O W Y  W BEZK O M Ó R K O W Y M  U K Ł A D Z IE  

Z A E R O B A C T E R  A E R O G E N E S

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

Z k om órek  A. aerogenes  hodow anych  n a  pożyw ce z g licero lem  izo low ano 
i op isano  u k ład  en zym atyczny  k a ta liz u ją c y  zależną od koenzym u  B12 re a k c ję  
p rz e k sz ta łc e n ia  g licero lu  w  a ld eh y d  /? -hyd roksyprop ionow y. O p ty m aln e  pH  re a k c ji 
w ynosi 8.0, te m p e ra tu ry  37°. R eak c ja  w y m ag a  obecności jo n u  potasow ego, k tó ry  
m ożna  zastąp ić  jonem  L i+ , R b+  lu b  N H + 4, lecz n ie  jonem  sodow ym . R eak c ja  je s t 
h a m o w an a  p rzez  od czy n n ik i re ag u jące  z g ru p am i su lfh y d ry lo w y m i, ja k  ró w n ież  
k o m p e ty cy jn ie  p rzez  n iek tó re  sy n te ty czn e  ana log i koenzym u  B12. B ad an ia  k in e 
tyczne  w y k aza ły , że p rzem ian a  g lice ro lu  je s t re a k c ją  d ru g ieg o  stopn ia . W artość  
K m d la  g lice ro lu  w ynosi 3.6 X 10_,iM2. C ząsteczka ap o en zy m u  łączy  się z d w iem a 
c zą s teczk am i koenzym u B12 i K m w ynosi 1.3 Х 10-15 м2. iPostaw iono h ipo tezę , że 
en zy m  zaw iera  dw a m ie jsca  ak ty w n e  i że re a k c ja  p rzem ian y  g licero lu  p rzeb ieg a  
w  dw u  e tap ach , k a ta lizo w an y ch  p rzez  dw a różne  enzym y.

R eceived  14 D ecem ber 1964.

N ote added  in  proof. R ecen t o b se rv a tio n s  have  show n th a t  th e  enzym e sy stem  
tra n s fo rm in g  g lycero l in to  /? -h y d ro x y p ro p io n a ld eh y d e  consists  of one enzym e only 
w h ic h  itse lf  is com posed of tw o d if fe re n t p ro te in s. T hese  p ro te in s  a p p e a re d  to be 
in a c tiv e  sep a ra te ly .
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SYNTHESIS AND PROPERTIES OF Co-ADENINE NUCLEOSIDE 
ANALOGUES OF COENZYME B12*

D ep a rtm en t o f B io ch em is try , C ollege o f A g ricu ltu re , P oznań

The Co-substituted analogues of coenzyme B12 may perm it to study 
the rela tion  betw een the Chemical s tru c tu re  and aetiyity of coenzyme 
B12. As the analogues which instead of the 5'-deoxyadenosyl group of 
coenzym e Bi2 possess the alkyl, acyl o r o ther 5/-deoxynucleoside groups, 
have been found to be inactive in the enzyme system s tested and even 
to inhibit the coenzyme B12-dependent reaction (see ref. [11]), it was 
concluded that the in tact struc tu re  of the adenine nucleoside is essential 
for the  coenzymic activity . Howeyer, it seemed possible tha t by some 
m odifications in the adenosyl group active analogues m ay be obtained 
perm itting  to study m ore closely which struc tu ra l elem ents of the 
deoxyadenosyl group are essential for the coenzymic aetiyity.

Previously [12] the  1-methyladeno'Sine and N6-m ethyladenosine ana
logues w ere tested. In the present work, the 2/-deoxyadenosine, 3'-deo- 
xyadenosine and isoadenosine (3-N -^-D-ribofuranosyladenine)1 analogues 
w ere synthesized and their properties examined.

MATERIALS AND METHODS

Coenzyme Bi2 v/as synthesized from  cyanocobalam in as previously 
described [11] or by a procedurę described in th is paper. Cyanocobalamin 
w as isolated from Propionibacterium shermanii cu ltures and crystallized 
from  aąueous acetone [10]. 2/-Deoxyadenosine was a Schuchardt (Mu- 
nich, Germ any) product. 3,-Deoxyadenosine was a gift from Dr. H. K le-

* T his w o rk  w as su p p o r te d  by a g ra n t fro m  th e  C om m ittee  of B iochem istry  
a n d  B iophysics of the  B olish A cadem y o f Sciences.

1 A b b rev ia tio n s  used : C o-5/-d(2/-dA d o )-co b a lam in , 2 '-d eo x y ad en o sin e  ana logue  
o f coenzym e B12: Co-5/-deoxy(2 / -d eo x y ad en o sy l)-a -(5 ,6 -d im e th y lb en z im id azo ly l)-co - 
b am id e ; C o-5/-d(3/ -dA do)-cobalam in , 3 '-d eo x y ad en o sin e  ana logue  o f coenzym e B12; 
C o-5/-d (iA do)-coba lam in , isoadenosine  an a lo g u e  of coenzym e B12.
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now (The Fibiger Laboratory, Kobenhaven, Denm ark), and isoadenosine 
from  Dr. N. J. Leonard (University of Illinois, Illinois, Urbana, U.S.A.). 
P-Cellulose w as prepared according to Peterson & Sober [8]. O ther 
reagents w ere from  Fabryka Odczynników Chemicznych, Gliwice, 
Poland. For purification and identificatiom of the synthesized corrinoids, 
paper chrom atography and paper electrophoresis in a darkened room 
w ere applied. The details are given in Table 1.

The am ount of the corrin  coenzymes was assayed in the cobalam in 
dicyanide form  by spectrophotom etry at 580 mii. The m olar extinction 
coefficient 10.1 Х 103 according to B arker [1] was adopted for calculations. 
The absorption spectra and extinction determ inations w ere m ade in 
a H ilger H 700 spectrophotom eter in 10 mm. wide cuvettes. A fter 
chrom atography or electrophoresis, the corrinoids to be subm itted to 
densitom etric m easurem ents were exposed on paper to d irect sunlight, 
and a fte r  photolytic degradation of the coenzymic form kept under 
a glass соѵег containing hydrogen cyanide, to conyert hydroxycobalam in 
into cyanocobalam in. Densitom etric analyses w ere perform ed in the 
Locardt Co. (London, England) apparatus, and the approxim ate per- 
centage content of the indiyidual corrinoids was determ ined planim e- 
trically .

The enzymie ex tract from  Aerobacter aerogenes (PZH, W arszawa, 
s tra in  no. 572) w as prepared according to the  m ethod recently  described 
[7]. The enzym e assays w ere perform ed in  a darkened room. In the 
conyersion of glycerol, /?-hydroxypropionaldehyde was assayed accord
ing to Sm iley & Soboloy [9] and in the conyersion of propan-l,2-diol 
propionaldehyde was assayed by the m ethod of Bóhme & W inkler [2].

RESULTS AND DISCUSSION

Synthesis and properties oj the analogues

The synthesis of the nucleoside analogues of coenzyme Bi2 is based 
on the a lkylation  of reduced cyanoeobalam in w ith  5'-tosyl derivative of 
the  nucleoside. To obtain the S^tosylnucleoside, the hydroxyl groups on 
C'2 and С'з are  blocked. A fter binding of the nucleoside to the cobalt 
atom  of the  corrin, the blocking groups are rem oyed. Johnson et al. [5] 
reported , howeyer, th a t the adenosine, uridine and inosine analogues 
m ay be synthesized w ithout prior blocking of the 2 ',3 '-hydroxyl groups 
but the details of the  procedurę w ere not given and the yield was 
ra th e r  Iow. N eyertheless in this way they w ere able to obtain the 
2'-deoxyadenosyl analogue and they described its chrom atographic and 
electrophoretic  properties. In our experim ents it was found that hydro- 
lytic гето ѵ а і of the  blocking propylidene group from  the isoadenosyl 
analogue of coenzyme B12 resulted in the decompositiom of th is c o m ^ u n d .
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Therefore, taking into account the experim ents of Johnson et al., 
a m ethod was elaborated which perm itted  to obtain from cyanocobalam in 
w ith  good yield the coenzyme B12 and its analogues.

Several experim ents were perform ed to synthesize coenzyme B12 by 
tosylating directly adenosine in a pyridine solution and trea ting  the 
obtained product w ith reduced cyanocobalamin. Satisfactory resu lts  w ere 
obtained by the following procedurę, w hich was then  applied for the 
synthesis of analogues of coenzyme B42.

Finely  ground adenosine was dried for 10 hr. a t  105° at 0.1 mm. 
Hg over P20 5 and 40 mg. (0.15 m-mole) was dissolyed in 1 ml. of 
anhydrous pyridine (distilled оѵег KOH). The m ix ture  was gently  
w arm ed to accelerate the dissolution of adenosine, then  cooled in 
a salt-ice bath to about -10° and 28 mg. (0.15 m-mole) of p-to luenesul- 
phonyl chloride was added. A fter 10 min. in the cold, the vessel w as 
p u t into a desiccator over KOH to avo.id m oisture and left for 16 hr. 
a t room tem peraturę. Then the solution was filtered, pyridine was 
evaporated at room  tem peraturę  under reduced pressure and the sirupy 
residue was dissolyed in 2 ml. of m ethanol. Sim ultaneously 10 mg. 
(7 м-moles) of cyanocobalam in was dissolyed in 0.5 ml. of 10% ammomium 
chloride solution and reduced w ith Zn and Mg powder as described by 
Zagalak & Pawełkiewicz [11]. The cobalamin hydride obtained was 
added twice at a 10 min. in terval w ith  0.2 ml. (30 Mmoles) of the 
m ethanolic solution of S^tosyladenosine. Five m inutes after the second 
addition, the m ix ture  was added w ith  w ater, filtered, and the solution 
adjusted to pH 5. The corrinoids w ere extracted  w ith a m ix ture  of 
phenol and trichloroethylene (1 :1, v/v), then  re-ex tracted  to w ater by 
adding 10 yolum es of an ethyl e ther - acetone m ix ture  (2:5, v/v) to the 
phenolic solution. The organie solvents w ere rem oyed from the w ater 
solution under reduced pressure, the solution eyaporated to a smali 
yolume and the corrinoids w ere separated  by electrophoresis and paper 
chrom atography [11]. From  densitom etric m easurem ents it was found 
tha t 40 - 50% of the p resen t corrinoids rep resen t a compound w ith  
physico-chemical and enzymie properties of the na tu ra l coenzyme B12.

The same procedurę has been applied for the synthesis of coenzyme 
B12 analogues. 2'-Deoxyadenosine w as dried for 14 hr. a t 80° оѵег Р 2Оз 
at 0.1 mm. Hg, cobalam in hydride prepared  from  50 mg. of cyanocoba
lam in being used for the synthesis. In  rela tion  to cyanocobalamin, the 
yield of Co-5/-d(2/-dAdo)-cobalam in was 30%. Co-5'-d(3'-dAdo)-coba- 
lam in was obtained in a sim ilar way and w ith  the same yield. For the 
synthesis of the isoadenosyl analogue, isoadenosine dried for 16 hr. at 
65° over P2C>5 a t 0.1 mm. Hg was used; the yield was only 15%.

The presented m ethod for the  synthesis of coenzyme B12 analogues 
gave sm aller yields than  the m ethods using tosylnucleosides w ith
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blocked hydroxyl groups, but the sim plicity of th is procedurę perm its 
to obtain  relatively  ąuickly various analogues of coenzyme B12 and m ay 
be very  useful for investigating corrin  coenzymes. It should be m en- 
tioned tha t recently  Hogenkam p & Oikawa [3] reported  the synthesis 
of Co-5/-d(2'-dAdo)-cobalamin w ith  a 65% yield but using a r a th e r  
tedious and laborious procedurę.

The chrom atographic and electrophoretic properties of the  
synthesized analogues of coenzyme B12 are presented in Table 1. As it 
could be anticipated, the 2'- and 3,-deoxyadenosine analogues w ere 
m ore hydrofobie than  coenzyme B12 and in the neu tra l solvent В m i- 
g rated  somewhat faster. In  the acidic solyent A  the isoadenosine 
analogue m igrated m ost slowly indicating th a t this compound has 
a m ore basie character than  coenzyme B12 and the two o ther adenosine 
analogues. The electrophoretic resu lts  point to the same conclusion, as 
Co-5'-d(iAdo)-cobalamin m igrated som ew hat faster than  the other com- 
pounds tested.

T a b l e  1

Paper chromatography and paper electrophoresis oj coenzyme  B12
and its analogues

T he ch ro m ato g ram s w e re  developed  on W h atm an  no. 3 p ap e r by th e  d escend ing  
te c h n ią u e , using  tw o so lv en t sy s tem s : (A), n ^ b u tan o l - p rp p an -2 -o l - w a te r - a ce tic  
ac id  (100:70:99:1, by vol.), and  (B), n -b u ta n o l - propam -2-o l - w a te r  (10:7:10, by  vol.). 
T he e lec tro p h o resis  w as ca rr ied  o u t on  W h a tm an  ino. 3 p ap e r in 1 м -ace tic  ac id  
a t 6 - 8 V/cm. R B is th e  ra te  of m o v em en t o f th e  com pound  in  re la tio n  to th a t  of 

cob inam ide. T he e le c tro n e u tra l cy anocoba lam in  d efin ed  th e  s ta r t in g  po in t.

Compound

Paper chromatography 

Solvent А 1 Solvent В
Paper

electro
phoresis

R b“ coenzyme Bn

Cyanocobalamin 0.00
Aquocobinamide cyanide 1.00
Coenzyme В12 (Co-S^dAdo-cobalamin) 1.00 1.00 1.18
Co-5'-d(2'-dAdo)-cobalamin 1.13 1.22 1.18
Co-5 '-d(3 '-d Ado)-cobalamin 0.92 1.11 1.18
Co-5 '-d(i Ado)-cobalamin 0.38 0.88 1.22

The absorption spectra of the  analogues (Fig. 1) did not d iffer 
m arkedly from  the spectrum  of coenzyme B12, only the maiin absorption 
m axim um  in the region of 260 mu was shifted tow ards 266.5 mp. in the 
spectrum  of Co-5'-d(iAdo)-cobalamiin. It should be m entioned tha t free 
isoadenosine in aąueous solution has the m axim um  at 277 mu [6].
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The analogues studied, sim ilarly as coenzyme B12, are light-sensitive 
and undergo degradation w hen exposed to light. The colourless deg ra- 
dation products of 2'- and 3'-deoxyadenosyl analogues were isolated on 
P-cellulose colum ns as described previously [12]. From  the products o f  
each analogue, th ree colourless fractions were eluted w ith O.bN-HCl, 
one of the fractions being alw ays predom inant. The spectra of these

Fig. 1. A b so rp tio n  sp e c tra  o f co
en zy m e  B12 an a lo g u e s  in aąu eo u s
so lu tion . (------), C o-5/ -d(2/ -dA do)-co-
b a lam in , concn. 2.67 X 10~5 M; (----- ),
Co-5/ -d(3/-d A d o )-co b a lam in , concn.
2.30 X 10~5 M; C o-5 '-d (iA do)-

-coba lam in , concn . 1.95 X 10-5 м.

two m ain fractions w ere sim ilar to those of Ng-substituted adenine' 
derivatives, w ith  absorption m axim a a t 258 - 260 т ц  in 0.1 >n-HC1, and 
at 262 т ц  in 0.1 к -NaOH. This indicates th a t the photolytic degradation 
of the analogues Koecurred in the sam e w ay as for coenzyme Bi2.

The obtained th re e  analogues w ere degraded also by KCN; In th e  
degradation p roducts  of each of them  a compound was found whose 
spectrum  was identical w ith th a t of free adenine, which was isolated 
as described preyiously [12]. From  these experim ents it follows that. 
also the reaction w ith  potassium  cyanide occurs in the same way as for 
coenzyme B12.

The am ount of the m ateriał w as insufficient for fu rth e r de term ina- 
tions to be m ade. Nevertheless, the  two degradation reactions of the  
coenzyme Bi2 analogues, together w ith  the m ethod of their synthesis,. 
dem onstrate ind irectly  their Chemical s tructu re .

The coenzyme  B12 activity of the analogues

The enzymie conversion of glycerol into hydroxypropionaldehyde and 
of propandiol into propionaldehyde by A. aerogenes cell-free ex tracts is 
coenzyme B12-dependent. Both these reactions have been used in our

Wavelength (mg)
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laboratory for studying corrin  coenzymes [11, 12]. U nlike the synthetic 
analogues obtained previously, e.g. containing uridyl, cytidyl or alkyl 
groups, the analogues studied in  the presen t w ork w ere active in both 
these reactions.

The effect of concentration of coenzyme B12 and of the th ree analo
gues studied, on the  conyersion ra te  of p ro p an -l,2-diol is shown in 
Fig. 2. The m olar concentrations of corrinoid coenzymes at which,

Fig. 2. T he e ffec t of co n cen tra tio n  of coenzym e B12 an d  its  an a lo g u es on the  ra te  
o f  conyersion  of p ro p a n - l,2 -d io l in to  p ro p io n a ld eh y d e . C o n d itions: 50 pm oles of 
p ro p an d io l, 40 pm oles o f p o ta s s iu m -p h o sp h a te  b u ffe r, pH  8.0, 1.5 m g. of enzym ie 
p ro te in  and  coenzym e B12 o r its  an a lo g u e  in  y a rio u s  am o u n ts , w ere  in eu b a ted  in  
a f in a ł vo lum e of 1 ml. fo r  5 m in . a t 37°. T hen  th e  reac tio n  m ix tu re  w as cooled 
in  an  ice b a th  an d  ad d ed  w ith  1 m l. of m e th an o lic  so lu tio n  of 2 ,4 -d in itro p h en y l- 
h y d raz in e  (50 m g. of d in itro p h e n y lh y d ra z in e  in 50 m l. o f m e th a n o l and  0.4 ml. of 
conc. HjCl). A f te r  30 m in., w ere  su ccessive ly  ad d ed : 5 ml. of a  m ix tu re  o f p y rid in e  
a n d  w a te r  (4:1, v/v) an d  1 m l. of m e th an o lic  so lu tio n  of K O H  (10 g. K O H  w as 
d isso lved  in 20 m l. o f w a te r  an d  ad d ed  w ith  m e th a n o l to 100 ml.). T he sam p le  w as 
m ix ed , le f t fo r 15 m in ., th en  ad d ed  w ith  w a te r  to 10 m l. an d  im m ed ia te ly  th e  
e x tin c tio n  a t  520 m p w as d e te rm in ed . ( • ) ,  C oenzym e B12; (A), C o -5 '-d (3 '-dA do)-co - 

b a lam in ; (Д ), Co-5/-d (2 '-d A d o )-co b a lam in ; (O ), C o-5 '-d (iA do)-cobalam in .

Fig. 3. T he e ffec t of co n cen tra tio n  of coenzym e B12 an d  i ts  an a logues on  th e  ra te  
o f  conyersion  of g ly cero l in to  /? -h y d ro x y p ro p io n a ld eh y d e . C ond itions: 50 pm oles 
o f  g lycerol, 40 pm oles of p o ta s s iu m -p h o sp h a te  b u ffe r, pH  8.0, 1.5 mg. of enzym ie 
p ro te in  and  coenzym e B12 or its  ana lo g u e  a t th e  co n cen tra tio n  in d ica ted , w ere  
in eu b a ted  in  a f in a ł yo lum e of 1 m l., fo r  10 m in . a t 37°. T hen  0.5 ml. o f try p to p h a n  
•solution (300 mg. d l - t ry p to p h a n  in  100 m l. of 0.1 n -Н С І) an d  3 m l. of conc. HC1 
w ere  ad d ed  and  th e  sam p le  w as h e a te d  o n  th e  w a te r  b a th  a t  60° fo r 5 m in. A fte r 
coo ling , th e  e x tin c tio n  w as d e te rm in e d  a t  555 m p. ( • ) ,  C oenzym e B i2; (A), C o-5 '- 
-d (3 '-d A d o )-co b a lam in ; (A ) , C o -5 '-d (2 '-d A d o )-co b a lam in ; (O ), C o -5 '-d (iA do)-coba-

lamin.

Г6]
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under the  same experim ental conditioins, the same am ounts of propional- 
dehyde w ere formed, were graphically determ ined. The same am ount of 
product (E, 0.6) was form ed w hen the coneentrations of coenzyme B12 
and of the  isoadenosyl, 2'-deoxyadenosyl and 3'-deoxyadenosyl analogues 
w ere, respectively, 6.3, 13.2, 18.7, and 25.0 m p .  These data served to 
calcu late  the  m olar activ ity  of the analogues in rela tion  to coenzyme Bi2 
(Table 2). The effect of concentration of coenzyme B12 analogues on the 
conyersion of glycerol into hydroxypropionaldehyde, is shown in Fig. 3, 
and the  m olar activ ity  in relation to coenzyme B12, in Table 2. The 
analogues w ere found to d iffer in their effect on the two reactions 
studied. In  the conyersion of propandiol, Co-5'-d(iAdo)-cobalamin w as 
the  m ost active, and Co-5'-d(3/-dAdo)-cobalamin the least actiye com- 
pound, w hile in glycerol comversion the reyerse w as true. A lthough 
th e  m echanism  of the two reactions is sim ilar, they  differ in  the ir 
a ffin ity  tow ard corrin  coenzymes. This is in agreem ent w ith  the preyious 
observations concerning the natu ra l coenzymes [11] as w ell as the 
coenzym e B12 analogues m ethylated in the adenosyl group [12].

T a b l e  2

Kinetic properties oj coenzyme Bi2 and its analogues in the conversion  
of propan-1,2-diol into propionaldehyde and glycerol into  /l -hydroxy -

propionaldehyde
V alu es o f V m a re  e x p re sse d  in extm ctiom  u n its  p e r  re a c tio n  tim e, 15 m in . fo r 

p ro p an d io l an d  10 m in . fo r g lycero l.

Conversion of
propandiol glycerol

Coenzyme Relative
molar

activity

(%)

Km 
(M  X 107)

Vm

Relative
molar

activity

(%)

Km 
(м2 X 1015)

Vm

Coenzyme B12
(Co-S^dAdo-cobalamin) 100 1.4 14.3 100 1.3 15.4

Co-S^dCZ^dAdol-cobalamin 34 1.1 2.5 18 1.7 0.44
Co-S^dCS^dAdol-cobalamin 25 1.1 1.7 29 1.9 0.71
Co-5 '-d(i Ado)-cobalamin 48 0.6 3.3 10 2.8 0.33

The relationship  betw een the concentration of corrin  coenzymes and 
the  reaction ra te  p lo tted  in  the double-reciprocal m anner (L inew eaver- 
Burk) is p resented  in Figs. 4 - 5 .  For the form ation of propionaldehyde, 
a  stra igh t line is obtained w hen l/u  is plotted against 1/[S] w hereas for 
the form ation of /?-hydroxypropionaldehyde the line is stra igh t w hen 
l /u  is p lo tted  against 1/[S]2, in agreem ent w ith  the suggestion th a t th is 
is a second-order reaction. The K m and V m yalues determ ined graphically
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are presented in Table 2. In  both reactions, the  K m values w ere p rac ti- 
cally identical for all the corrin  coenzymes studied. On the o ther hand, 
the m axim um  velocities (V m) differed m arkedly. This seems to indicate 
th a t the analogues studied are able to form  complexes w ith the apoenzy- 
me as efficiently as the n a tu ra l coenzyme B12, w hereas the eataly tic  
activ ity  of their complexes is m uch lower. The analogues of coenzyme 
Bi2 m ethylated  in the adenosyl group w ere found to have sim ilar pro
perties [12].

The differences in the coenzymic activ ity  of the analogues containing 
the 2'-  or 3 '-deoxyadenosine residues, in rela tion  to the activ ity  of 
coenzyme B12 m ay have two explanations: (1), 2'- and 3 '-hydroxyl 
groups of adenosine m ay be directly  involved; (2), the substitution of

Fig. 4 Fig. 5

F ig . 4. T he L in e w e a v e r-B u rk  p lo t fo r th e  convers ion  of p ro p an d io l as a fu n c tio n  
of coenzym e co n cen tra tio n . C ond itions as fo r Fig. 2.

F ig . 5. T he L in e w e a v e r-B u rk  p lo t fo r  th e  conversion  of g lycero l as a fu n c tio n  of 
coenzym e co n cen tra tio n . C ond itions as fo r Fig. 3.

the  2'- and 3 '-hydroxyl groups by hydrogen atom s m ay induce a change 
in the conform ation of the  ribofuranose ring which m ay affect indirectly  
the  polarization of the Co—С bond, probably essential for the coenzyme 
function. The la tte r  suggestion seems to be the  m ore probable one, all 
the m ore th a t the data of Jardetzky  [4] concerning the conform ation of 
riboside and deoxyriboside indicate the possibility of such changes 
occurring in  coenzyme Bj2. If th is assum ption is correct then  it could 
be anticipated th a t o ther changes in  the m olecule of coenzyme Bi2 
which indirectly  affect the  Co— С bond, would affect the  coenzymic 
activity. In  corrinoids, trans-effects have been observed in two co- 
-ordinate sites perpendicular to the  piane of the corrin  ring. For instance,
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the  exchange of substituents in the  bemzimidazole could change in this 
w ay the activ ity  of coenzyme B l2. P relim inary , unpublished resu lts  from  
our laboratory seem to support th is suggestion.

The observation th a t the isoadenosyl analogue, in which the  imino* 
form  of nitrogen N6 preyails over the amino form, possessed the 
coenzymic actiyity is in agreem ent w ith  the preyious experim ents [121 
which indicated tha t the amino group of adenosine m ay be substitu ted  
by a re la ted  group w ithout im pairing the coenzyme B12 actiyity. Thus 
the amino group of adenine could be substitu ted  by the imino group. 
On the o ther hand, the same imino form  seems to ргеѵаіі in the  
coenzyme B42 analogue m ethylated  in the  position N4 of the purine ring 
(Co-5/-deoxy(l-m ethyladenosyl)-cobalam in) and th is analogue was found 
to be inactive as coenzyme [12]. This m ay suggest th a t nitrogen Nj p lays 
an essential role in the catalytic function of this compound. This con- 
clusion, adyanced already in preyious studies [12], is supported  by the 
resu lts  presented in  this work.

The au thors wish to thank  Dr. H. Klenow for a gift of the sample of 
3/-deoxyadenosine, and Dr. N. J. Leonard for the sam ples of isoadenosine 
and its isopropylidene derivative.

SUMMARY

An im proved m ethod for the synthesis of coenzyme B12 and its 
analogues is described. It consists in d irect tosylation of adenosine 
nucleoside and coupling w ith  reduced cyanoeobalamin. The yield of 
coenzyme B12 was 50%, of 2'-  and 3'-deoxyadenosine analogues of 
coenzyme B12 30%, and of isoadenosine analogue 15%. Ali the analogues 
w ere actiye as coenzymes in  a  system  isolated from  Aerobacter aerogenes 
conyerting p ropan-1,2-d.iol into propionaldehyde and glycerol into 
/?-hydroxypropionaldehyde. In both reactions, the analogues d iffered in 
the ir actiyity  but w ere consistently less active than  coenzyme B12. The 
relation betw een Chemical s truc tu re  and coenzymic function of coenzyme 
B12 is discussed.
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SY N T E ZA  I W ŁA SN O ŚC I C o-A D E N IN O -N U K LE O ZY D O W Y C H  A N A LO G Ó W
K O EN ZY M U  B12

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

W  p ra c y  op isano  uproszczoną m etodę ch em icznej sy n tezy  koenzym u B12 i jego 
analogów . M etoda po lega  n a  bezp o śred n ie j to zy lac ji nu k leo zy d ó w  ad en in y  lub  
pochodnej ad en in y  i sp rzęg an iu  p ro d u k tu  re a k c ji ze z red u k o w an ą  c y jan o k o b a la - 
m iną . K oenzym  B i2 o trzy m an o  z w y d a jn o śc ią  50%. A nalog i z aw ie ra jące  re sz ty  
2'- i 3 '~dezoksyadenozyny  o trzy m an o  z w y d a jn o śc ią  30%, a re sz tę  izoadenozyny  
z w y d a jn o śc ią  15%. W szystk ie  an a lo g i okaza ły  się czynne jak o  koenzym y w  u k ła 
dzie izo low anym  z A ero b a c te r  aerogenes  p rz e k sz ta łc a ją c y m  p ro p a n - l,2 -d io l w  a l
d ehyd  p rop ionow y  i g lice ro l w  a ld eh y d  /? -hyd roksyp rop ionow y . A ktyw nośc i a n a lo 
gów  są niższe od ak ty w n o śc i koenzym u B12 i z różn icow ane  w zg lędem  sieb ie , w  obu 
p rzem ian ach . W p racy  p rzed y sk u to w an o  za leżność m iędzy  ak ty w n o śc ią  ko en zy 
m u  Bt2 a jego s t ru k tu rą  chem iczną.

R eceived  14 D ecem ber 1964.
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ISOLATION AND PROPERTIES OF D-LACTATE DEHYDROGENASE 
FROM YEAST GROWN ANAEROBICALLY

D e p a r tm e n t o f B io ch em is try , F a cu lty  o f P h a rm a cy , M ed ica l School, W arszaw a

T hree flavin-containing lactate dehydrogenases have been isolated 
from  yeast: two from  cells grown aerobically, L (+)lactate dehydrogenase 
[6, 4] and D(-)lactate dehydrogenase [27, 17], and one from  cells grown 
anaerobically, d ( - ) lactate dehydrogenase [23, 33, 21]. It has been sug- 
gested [33, 26] th a t during oxygen adaptation of anaerobic yeast, D(-)lac- 
tate  dehydrogenase is converted into dehydrogenases present in  yeast 
grown aerobically. Unlike ainimal L-lactate dehydrogenase [30, 34], the 
yeast lactate  dehydrogenases are not N A D -dependent and aerobic L-lac
ta te  dehydrogenase is hem -dependent.

The com parison of the th ree yeast dehydrogenases reąu ires  the  use 
of pure  enzymes. Howeyer, only L-lactate dehydrogenase has been 
obtained in crystalline form  [3, 31] w hereas the tw o D-lactate dehydro
genases have not yet been sufficiently purified  [7, 28].

In  th is paper, a m ethod of isolation of D-lactate dehydrogenase from  
yeast grow n anaerobically is described and some kinetic data of the 
obtained p repara tion  are presented.

MATERIALS AND METHODS

Organism. Yeast Foam (strain no. 251 - 253 from  our collection) was 
the same as used previously [33]. The cells w ere cu ltured  on a sterile  
medium oomposed of: glucose 5%, peptone 2°/o, KH2P 0 4 0.1%, (NH4)2S 0 4 
0 .12%, yeast ex tract 0.1%, calcium -pantothenate 0.2 m g% , niootinic acid 
0.05 m g% , biotin 0.0025 mg%, Tween 80, and ergosterol (25 mg. of ergoste- 
rol and 2.5 ml. of Tween 80 w ere added w ith  96%  ethanol to a finał vo- 
lume of 10 ml., and added to 10 litres of the medium). To obtain  anaerobic 
conditions, C 0 2 from  a  tank  was flushed through the culture, the fiask 
being closed w ith  a U-shaped tube containing m ercury. The yeast was 
grown for 48 hr. a t 28°, then  centrifuged in the eold. The harvested  
cells w ere w ashed three tim es w ith  cold w ater and air-dried  a t room 
tem peraturę .
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Reagents. FAD, FMN, and BAL w ere from  Fluka (Switzerland); cal
cium D(-)lactate w as from  M ann Research Lab. (New York, U.S.A.), the 
contents of d -  and l -  form s in the p repara tion  have not been assayed; 
NAD w as from Boerhinger (M annheim, Germ any); Z n S 0 4, spectrally 
pure, from  the Polytechnic School in  Gliwice. O ther reagents were of 
analytical grade and w ere obtained from  F abryka Odczynników Chemicz
nych in Gliwice, Poland. Calcium lactates w ere oonverted to sodium 
salts using trisodium  phosphate. The organie aeids used w ere adjusted 
to pH 7 w ith sodium hydroxide. Cytochrom e с in a concentration of 
54 umoles per 1 ml., w as isolated from  horse heart muscle [29]. The 
p reparation  of calcium phosphate gel [9] contained 54 mg. dry weight 
per 1 ml. Phosphate, tris  and borate buffers w ere prepared  by standard 
m ethods [15], pH of the Solutions being checked on an LBS I pH -m eter 
(Eureka, Poland). łonie streng th  w as adjusted  by adding calculated 
am ounts of NaCl in substantia. Q uartz sand was purified by treatm ent 
w ith concentrated hydrochloric acid, w ashed w ith  w ater, dried at 100°, 
and the fraction passing through a 0.5 mm. mesh sieve was collected.

Protein determination. This was done by the b iuret [22] or tu rb i- 
dim etric [22] m ethod.

Enzymie activity determination. The reaction m ix tu re  (3 ml.) 
contained: 66 тгм-phosphate buffer, pH 7.9; 16.6 m u-sodium  DL-lactate
or 8.3 m>M<-sodium D-lactate, an appropriate  electron acceptor and 
varying am ounts of enzyme. In  most of the experim ents, 0.66 т м -potas- 
sium ferrieyanide was used as electron acceptor, and its reduction was 
determ ined by m easuring the change of extinction at 420 т ц .  The 
reduction of o ther acceptors was m easured, respectively: of cytochrome с 
at 550 т ц , of NAD at 340 т ц ,  of 2,6-dichlorophenol indophenol at 
620 т ц .  The extinction was read in an SF-5 spectrophotom eter (U.S.S.R.). 
As a unit of enzyme activity  was taken  th a t am ount of enzyme which 
caused oxidatk>n of 1 ц т о іе  of lactate per 1 min. per 1 mg. protein.

Michaelis oonstants (K m) and т а х і т и т  yelocities (V-) w ere calculated 
by the m ethod of least sąuares from  the double reciprocal form after 
L inew eaver & Burk [24]

1 _  Km 1 , 1
~V ~  ~ V '  S У

Inhibitor oonstants (K;) w ere calculated according to Dixon [12] for 
com petitive inhibitors by the form uła:

,  =  w ____
' ( К р / К ш )  - 1

and for non-com petitive inhibitors by

K _ m
’  ( V / V p )  -  1
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K p and Vp, the apparen t Michaelis constant and m axim um  yelocity in 
the presence of inhibitor, were calculated by the m ethod of least sąuares.

The negative logarithm ic form of ionization constants pK4 and pK2 
w ere  obtained from  the plot of \pKm (i.e. -log Km) and log V against 
PH [11].

RESULTS 

Purification of the enzym e

D uring all procedures involved in the isolation of the enzyme, the 
prepara tion  was k ep t on ice. Sedim ents w ere obtained by centrifugation 
at 17 500 g in a Seryall SS-1 centrifuge placed in a refrigerator.

E x trac ts of a ir-d ried  yeast cells w ere prepared  w ith  66 mM^phosphate 
buffer, pH 7.4, by one of the four following procedures. (1), Autolysis: 
the  suspension of yeast, containing 3.5 ml. of buffer per 1 g. of cells, 
was incubated for 2.5 hr. at 37° on a w ater bath w ith continuous 
stirring. (2), Freezing and thawing: a suspension containing 7 ml. of the 
buffer per 1 g. of cells, was frozen w ith solid C 02 and thaw ed w ith  tap  
w ater. (3), E xtraction  of acetone-dried cells: a ir-dried  yeast was added 
w ith  a double yolum e of acetone at -6°, the  precipitate dried in a stream  
of cold air, and 7 ml. of phosphate buffer was added per 1 g. of the 
powder. (4), D isruption of cells by grinding w ith  ąuartz  sand: yeast was 
ground w ith  sand, 7.0 ml. of phosphate buffer being added per 1 g. of 
cells. The activ ity  and  the yield of the ex tracts are  presented in Table 1. 
T he grea test yields w ere obtained by freezing and thaw ing and by 
ex traction  of acetone-dried cells; the  la tte r  extracts, however, w ere 
unstable and during purification became inactiyated. Therefore in 
fu rth e r experim ents only the freezing and thaw ing procedurę was used.

T a b l e  1

Extraction of d -lactate dehydrogenase from  anaerobic yeast 
with  phosphate buf fer,  pH 7.4

D etails of th e  p ro c e d u rę  as described  in  th e  sec tio n  P u r if ic a tio n  o f th e  enzym e.

M ethod of extraction
Protein

(mg./ml.)

Activity 
([j.mole lactate 
oxid./min./mg. 

protein)

Yield 
((u.mole lactate 
oxid./min./g. 

dry yeast)

Autolysis 33 0.17 15
Freezing and thawing 45 0.22 54
Extraction from acetone-dried yeast 22 0.40 53
Grinding with quartz sand 21 0.08 7
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The yeast ex tract was added w ith  trypsin  to 1% finał concentration 
and incubated for 30 min. a t 37°. The digestion of protein and the 
increase in specific activity  during incubation w ith  and w ithout trypsin  
are shown iin Fig. 1. A fter trypsin  digestion, calcium  phosphate gel was 
added in the proportion of 0.5 mg. of dry w eight per 1 mg. of the original 
am ount of protein  in the extract, and left for 15 min. a t room tem pera
turę. A fter centrifuging, the  supem atan t was trea ted  w ith  solid amm o- 
nium  sulphate. The fraetion precipitated a t 0.35 - 0.75 sa tu ra tion  w as 
centrifuged and the  sedim ent dissolved in 66 mM*-phosphate buffer, 
pH 7.4. The solution was added w ith  sodium DL-lactate and Z nS 0 4 to  
a finał concentration of 50 т м  and 0.01 m'M, respectively, heated on 
a w ater bath for 3 min. a t 53°, cooled rap id ly  and centrifuged. T he

Fig . 1. T he e ffe c t of try p s in  (a), o n  th e  am o u n t of p ro te in  in  y e a s t a u to ly sa te  
an d  (b), on D -lac ta te  dehy d ro g en ase  ac tiv ity . ( • ) ,  W ith  no try p s in  ad d ed  (co n tro l)t 

(O ), a f te r  a d d itio n  of tr y p s in  to  1%  f in a ł co n cen tra tio n .

supem atan t was frozen at -18°, then, a fter thaw ing, trypsin  w as added 
again to a finał concentration of 0.2%  and the m ix ture  incubated succes- 
sively for 15 m in. at 37°, for 5 min. a t 42° and for 5 min. a t 47°. A fte r 
cooling, calcium phosphate gel was added as above, the m ix tu re  centri
fuged, and the supem atan t fractionated w ith solid amm onium  sulphate. 
Usually the fraetion precipitating a t 0.50 - 0.55 satu ration  contained the  
bulk of the enzyme and was used for fu rth e r purification. Since, 
however, slight deyiations were sometimes obseryed, the enzymie a c tiv - 
ity  w as determ ined also in the neighbouring fractions. The active f ra c -  
tion was collected by centrifugation, dissolved in phosphate buffer as 
described aboye, and a fte r addition of sodium DL-lactate to a finał 
concentration of 50 т м , w as heated for 3 min. a t 53°, cooled and centri
fuged. The su pem atan t w as divided into smali sam ples which w ere 
frozen and stored a t -18° un til used for experim ents. The course of. 
isolation of the enzyme is show n in  Table 2.
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T a b l e  2 

Purification of d-lactate dehydrogenase

Ten g ram s of a ir -d r ie d  y e a s t cells w ere  e x tra c te d  an d  tre a te d  as desc rib ed  in the- 
sec tio n  P u rific a tio n  of th e  enzym e.

Stage
Vo-
lume
(ml.)

Total
activity

Protein
(mg./ml.)

Activity 
(pmoles lactate 
oxid./min./mg. 

protein)

Purifi-
cation

Yield
(%)

Extraction with phos- 
phate buffer 50 300 30 0.2 1 100

Digestion with trypsin 
and gel adsorption 55 275 10 0.5 2 91

Ppt. at 0.35 - 0.75 
(NH4)2S04  sat. 15 315 21 1.0 5 105

Heating at 53°, 3 min. 12 240 4 5.0 25 80
Second digestion with 

trypsin and gel ad
sorption 14 224 2 8.0 40 74

Ppt. at 0.50-0.55 
(N H 4)2S 0 4 sat. 3 140 3 15.5 77 46

Second heating at 53° 
3 min. 3 93 1 31.0 155 31

Properties of the purified enzyme

Substrate specificity. The purified dehydrogenase preparation in the 
presence of potassium ferricyanide as electron aoceptor oxidized D-lactater 
the K m value being 0.9 m'i, When DL-lactate was used as substrate, the 
calculated K m for D-lactate was also 0.9 т ч . Among the other substrates 
tested, D-malate (Km 0.7 т.чі) and DL-hydroxybutyrate (Km 3.5 ш )  were 
oxidized whereas meso-tartrate, 3-phosphoglycerate, ethanol and acetal- 
dehyde were not oxidized. In the oxidatiom of D-lactate, ferricyanide 
could be replaced by dichlorophenol indophenol but not by cytochrome с 
or NAD. Могеоѵег, NADH2 was not oxidized in the presence of pyruvate.

The K m yalues at 8.3 шч-D-lactate and 16.6 т м -DL-lactate concen- 
trations, were found to be 5 for ferricyanide and 2 m-m for dichloro
phenol indophenol.

The enzymie oxidation of D-lactate in  the presence of 0.66 т.чнЕеггі- 
cyanide is a zero-order reaction (Fig. 2) as the K m yalue of ferricyanide 
is m uch lower than  the  concentration used. The oxidation of D-lactate 
by the dehydrogenase under the  conditions of the experim ents corres- 
ponded to the reaction:
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k +1 k+2
E +  S ;= ±  ES  » E +  P

k - i

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

The effect  of  pH. Using D-lactate as substra te , it w as found th a t the 
optim um  for the enzyme activity  w as at pH  8.6 -  8.9 (Fig. 3) and tha t 
the  enzyme was m ore stable in alkaline m edium. The effect of lactate 
concentration was tested at d ifferen t pH values, and the Michaelis con- 
s tan ts  and m axim um  velocities w ere calculated. From  the plot of log V

Fig. 2 Fig. 3

F ig . 2. E nzym ie oxidatio.n o f d  - lao ta te  in  th e  p resen ce  o f fe r r ie y a n id e  as e lec tro n  
accep to r. In  a sam p le  <3 ml.), 10 pi. of enzym ie p re p a ra tio n  w as p re sen t. D eta ils  

o f th e  p ro ced u rę  as described  in  th e  sec tion  M a te ria ls  and  M ethods.

F ig . 3 T he e ffec t of pH  oin th e  a c th ń ty  and  s ta b il ity  of D -lac ta te  d eh y d ro g en ase  
fro m  anaerob ic  yeast. ( • ) ,  A c tiv ity  d ep en d in g  on th e  pH  v a lu e  of th e  m ed iu m ;
(O ), a c tiv ity  of the  enzym e a t pH  7.9 a f te r  30 m in. in cu b a tio n  a t th e  in d ic a te d  pH.

and  pK m against pH (Fig. 4) the pK  values of the enzyme w ere calculated 
[U] to be pKi 7, and pK 2 10.6. These values w ere confirm ed by the 
values obtained w hen the reoiprocal of M ichaelis pH function was 
plotted  against pH [13] as shown in Fig. 5.

W hen the phosphate buffer was replaced by borate buffer at the 
same concentration, the activity of the  enzyme w as about 8%  lower 
and in  tris buffer 68% . The effect of ionic s treng th  is shown in Fig. 6, 
the optim um  being at I 0.165.

The effect  of  temperaturę. To determ ine the amino acids that 
norrespond to the pK values found, the effect of tem pera tu rę  on the
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Fig . 4 Fig. 5

F ig . 4. T he effec t o f pH  on p K m an d  log V of D -lac ta te  d eh y d ro g en ase  fro m
ainaerobic yeast.

F ig. 5. V aria tio n  o f th e  rec ip ro ca łs  of th e  M ichaelis pH  fu n c tio n s  w ith  pH . 
D -L ac ta te  deh y d ro g en ase  (д), in  non -io n ized  fo rm ; (O ), w ith  one ion izing  g roup  

d issoc ia ted ; (A ), w ith  tw o  ion izing  g ro u p s d issocia ted .

F ig . 6. T he e ffec t o f ion ic  s t re n g th  
on  th e  ac tiv ity  of D -lac ta te  d e h y 
d ro g en ase  fro m  an ae ro b ic  y east.

ш ахіш иш  yelocity and Michaelis eonstant was studied. The ionization 
energy (Fig. 7) corresponding to the amino acid situated  a t the active 
site of the enzyme was calculated by the form uła [16]

dp К
АН = 2 .3  R

d(l/T) .

For PK1; Ali  was about 6000 cal. and for pK 2 about 5600 cal.
The actiyation energy of the enzyme studied, calculated from the 

A rrhenius plot shown in Fig. 8 , was 21 700 cal. per mole.
Inhibitors. One-carboxylic acids and охаііс acid appeared to be com- 

petitiye inhibitors (Fig. 9) and among them  охаііс acid was found to
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Fig. 7. T he e ffec t of te m p e ra tu rę  on VK m, an d  log V, a t  d if fe re n t pH  v a lu e s . 
T he te m p e ra tu rę  of th e  re a c tio n  m ix tu re  w as o b ta in ed  by p lac in g  th e  sp e c tro -  
p h o to m etric  cells in  a d o u b le -w a lled  C ontainer co nnec ted  w ith  a H o ep le r th e rm o s ta t.

Fig. 8. T he effec t o f te m p e ra tu rę  on th e  a c tiv ity  of D -lac ta te  d eh y d ro g en ase  fro m  
anae ro b ic  y east. (O ), A rrh e n iu s  p lo t, log V o f D -lac ta te  conyers ion  as a fu n c tio n  

of re c ip ro c a l of te m p e ra tu rę  (К еіѵ іп  scalę).

have the lowest K ; value (Table 3). The inhibitory  activity  of the acids 
was not abolished by the presence of an  a-keto group; pyruvate , 
oxaloacetate and a-ketoglu tarate  also acted as com petitive inhibitors 
(Fig. 10). From  these a-keto acids, oxaloacetate had the greatest affin ity  
tow ards the enzyme, its K; being 0.7 т м . The hydroxyacids, DL-hydro- 
xybutyrate, DL-malate, and m eso-tartra te  had no effect on the reaction. 
Similarly, alaninę, leucine, tyrosine, glycerol and ethanol, as well as 
acetaldehyde, proved to be inactive.

T a b l e  3

In h ib ito ry  e jje c t of saturated fatty acids and ketoacids on D-lactate 
dehydrogenase fro m  anaerobic yeast

К  of D -lac ta te  w as 0.9 т м .  T he acids w ere  ad d ed  as sod ium  sa lts .m

Addition
Concn. of 

compound added 
(тм )

Kp
(тм )

Ki
(тм )

r

Acetate 12 10 1 1.2
Butyrate 3 4 0.8 1.0
Octanoate 0.15 3.5 0.16 0.9
Tetradecylate 0.1 2.1 0.1 1.2
Oxalate 3.5 50 0.056 1.1
Pyruvate 30 21 19 1.0
a-Ketoglutarate 30 6 4.6 0.9
Oxaloacetate 2 3.4 0.7 1.1
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the enzyme (E +  r l ^ E I r )  m ay be calculated from  the eąuation
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[5,14]. The calculated value of r  varied from  0.9 to 1.2 indicating a 1:1 
m olar proportion (Table 3). The chelating oompounds studied, EDTA, 
c-phenanthroline and haem atoporphyrin, inhibited the activ ity  by 50%

Fig. 9 Fig. 10

F ig . 9. T he e ffec t of s a tu ra te d  fa t ty  acids on th e  a c tiv ity  o f D -lac ta te  d e h y d ro 
genase  fro m  anaerob ic  y east. ( • ) ,  C ontro l, no in h ib ito r  ad d ed ; w ith  th e  a d d itio n  
o f  sod ium  sa lts  of: (□ ), 0.1 т м -te tra d e c y la te ; (A), 0.15 т м -o c tan o a te ; (О ), З т л ^ -Ь и -  

ty r a te ;  (A ), 12 m ^ -a c e ta te ;  or (■ ), 2 m h i-oxala te .

Fig. 10. T he e ffec t of a -k e to ac id s  on th e  ac tiv ity  of D -lao ta te  d eh y d ro g en ase  fro m  
anaerob ic  yeast. ( • ) ,  C ontro l, no in h ib ito r  ad d ed ; w ith  the  a d d itio n  o f sod ium  

s a l ts  of: (□ ), 2 m .M -oxaloacetate; (Д ), 30 m y i-o -k e to g lu ta ra te  o r (O ), 30 rm M -pyruvate.

a t coneentrations of 2.5, 3.4, and 0.11 іш , respectively. The effect of 
EDTA had a com petitiye character, К,- being 18 мм, and r  1; PCMB had 
a  sim ilar com petitiye effect, the  calculated K ; being 7 ц>м, and r  1. U nder 
th e  conditions used, the inhibitory activ ity  of EDTA and PCMB did 
not increase w ith the ineubation tim e during the actiy ity  determ inations.

Activators. The following compounds w ere tested: О.Зт'м-FAD,
0.3 т м -FMN, 3 т м -NAD; GSH, GSSG, BAL, cysteinę, and lipoic acid 
at 65 т м  concentration; and Z n S 0 4, FeCl2 and M gS04 a t 0.17 т м  con- 
•centration. No effect of these compounds on the actiyity  was obseryed
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when an actlve enzyme preparation  w as used. On the o ther hand, 
when the preparation  was partially  inactivated, some of these compounds 
had an activating effect.

Dialysis of the purified  enzyme p reparation  for 36 hr. against w ater 
resulted in an 80% decrease of activity, and the addition of FMN or FAD 
caused 38 and 34% reactivation, respectively. A p reparation  obtained 
from the fraetion  precip ita ted  at 0 - 0.7 am m onium  sulphate saturation 
which w as 80% inactiyated by w arm ing on a w ater bath  a t 55° for 
10 min., w as reaetivated  by FAD and FMN to 48 and 32% of initial 
activity, respectively.

DISCUSSION

A m ethod has been elaborated for the isolation of D-lactate dehydro- 
ger.ase from  yeast grown anaerobically. The p repara tion  obtained w as 
purified 150-fold w ith  a 30% yield. The activ ity  of the p repara tion  
corresponded to the oxidation of 31 ц-moles of D-lactate per 1 min. per 
1 mg. protein, w hereas the  m ethod em ployed preyiously [33] gave 
a preparation w ith  10-fold low er activity. The im provem ent seems to 
be due to the  em ploym ent of twofold digestion w ith trypsin  which 
does not destroy the enzymie actiyity . A ttem pts at fu rth e r purification 
of the p repara tion  resu lted  in  inactiyation of the enzyme. It should be 
noted th a t in cases w hen the specific actiy ity  during the first stages 
of purification w as high, in fu rth e r step>s a lower degree of purification 
was achieved.

The obtained preparation  of D-lactate dehydrogenase had a specificity 
similar to th a t of the preparation  of Boeri, Crem ona & Singer [7]. The 
high activation energy found (21 700 cal. per 1 mole) and high M ichaelis 
constant (0.9 т м )  m ay indicate th a t lactate is not a na tu ra l substrate 
for this enzyme.

Assum ing as the т а х і т и т  specific actiyity  of the enzyme the yalue 
of 100 um oles calculated by Iwatsubo [18], it follows th a t in our prepa
ration the enzyme is purified  by 30%. The m olecular w eight of the 
preparation as determ ined kindly by Dr. Iwatsubo by the Sephadex 
method of Iwatsubo & Curdel [19] was found to be 100 000, and the 
preparation was not hydrolysed by trypsin  into sm aller subunits.

From  the data obtained, using the B riggs-H aldane eąuation  [8]:

k ~ i +  k+2 
Km — :

k+ i
it is possible to determ ine the yelocity constants of the enzymie reaction 
us:ng the calculation m ethod of S later [32]. The th ree  yelocity constants 
were: k -[  ^  0; k +2 = 1.6 X Ю3; k +l ^  1.7 X Ю6. These yalues are sim ilar 
to those obtained for o ther oxidoreductases [32].
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S atura ted  fa tty  acids (Fig. 9) and ketoacids (Fig. 10) proved to be 
com petitive imhibitors. W hen the carboxyl group was replaced by a 
hydroxyl or aldehyde group, the inhibitory activity of the  compound 
was abolished. These data  suggest the  participation of the carboxyl 
group of the substra te  in the reaction w ith  the enzyme. At the active 
site of the enzyme, the imidazole group of histidine m ay participate in 
th is reaction, as indicated by the value of pK A 7 (Fig. 4, 5) and the 
ionization energy of about 6000 cal. Sim ilarly as the сагЬохуІіс acids, 
PCMB appeared to be a competitive inhibitor; this m ay indicate the  
participation of thiol group dn the substrate-enzym e reaction. On the 
assum ption th a t ferricyanide reacts w ith  the SH groups of the

Fig. 11. P ro p o sed  m echan ism  of D -lac ta te  o x id a tio n  by la c ta te  d eh y d ro g en ase  from  
y e a s t grow n an ae ro b ica lly , in th e  presem ce of fe r r ic y a n id e  as e lec tro n  acceptor..
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resp iratory  enzymes [20] it seems possible to suggest the oxidation of SH 
groups to S— S during the enzymie reaction. Oxidized S— S groups m ay 
undergo reversible reduction by hydrogens of a-carbon of D-lactate." 
In experim ents in vitro, the m echanism  of enzyme aetivity  consists in 
a reyersible reduction of S— S group to SH, w ith ferrieyanide serying 
as electron acceptor. The proposed schem e of the reaction is shown in 
Fig. 11. The reduction of ferrieyanide by SH groups m ay be inhibited by 
EDTA in a non-chelating m anner [20]. So far, howeyer, neither the role 
of anaerobic yeast D-lactate dehydrogenase nor the electron acceptors 
participating in the reaction, are known.

T h e  a u t h o r s  w i s h  to  t h a n k  D r .  M . I w a t s u b o  f r o m  t h e  I n s t i t u t  d e  
B io lo g ie  P h y s i c o - c h i m i ą u e ,  P a r i s ,  f o r  p e r f o r m i n g  t h e  d e t e r m i n a t i o n s  o f  
t h e  m o l e c u l a r  w e i g h t  o f  o u r  p r e p a r a t i o n  o f  D - la c ta te  d e h y d r o g e n a s e .

SUMMARY

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

2. Kinetic properties of the enzyme were studied, and a mechanism  
is suggested for the oxidation of D-a-hydroxyacids.
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IZ O LO W A N IE  I W Ł A SN O ŚC I D EH Y D R O G EN A ZY  D (-)M LECZA N O W EJ 
D RO ŻD ŻY  H O D O W A N Y C H  B EZTLEN O W O

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

1. O pracow ano  n o w ą  m eto d ę  oczyszczan ia  d eh y d ro g en azy  D (-)m leczanow ej 
drożdży  hodow anych  bez tlenow o  z użyc iem  try p sy n y .

2. Z badano  k in e ty czn e  w łasn o śc i teg o  enizymu, n a  p o d staw ie  k tó ry ch  zap ro p o 
no w an o  sch em a t u tle n ia n ia  D-a-hydroksykwasów p rzez  dehyd rogenazę .

R eceived  29 D ecem ber 1964.
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A C T A  B I O C H I M I C A  P O L O N I C A  

V ol. X I I  1995 NO. 3

K. KLECZKOWSKI

L GLUTAMINĘ AS DONOR OF CARBAMOYL GROUP NITROGEN 
FOR THE ENZYMIC SYNTHESIS OF CITRULLINE 

IN GREEN PEA SEEDLINGS

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

Three d ifferen t pathw ays are known for the enzymie synthesis of 
carbam oyl phosphate (CP). In  the first one, found in m icro-organism s in 
1955 by Jones et al. [2], CP form ation from  carbam ate and 1 mole of 
ATP in the presence of Mg2+ is catalysed by carbam ate kinase (ATP: 
carbam ate phosphotransferase, ЕС 2.7.2.2). The second one, found b y  
M etzenberg et al. [6] in 1958 in ureotelic animals, is catalysed by carba
moyl phosphate synthase (ATP : carbam ate phosphotransferase (dephos- 
phorylating) ЕС 2.7.2.5) in the presence of amm onium  bicarbonate, 
2 moles of ATP, N -acetylglutam ate and Mg2+. F inally  the th ird  one, 
found in 1962 by Leyenberg [4] in the common mushroom, Agaricus 
bisporus, is also a carbam oyl phosphate synthase [3] but is m ediated by 
L-glutamine in the presence of bicarbonate, ATP and Mg2+.

P relim inary  experim ents for the p resent work, done in 1962 in the 
laboratory of Prof. Dr. Р. P. Cohen, U niversity  of Wisconsin, Madison, 
U.S.A., have indicated th a t in green pea seedlings L-glutamine could 
serve as a nitrogen donor for the synthesis of carbam oyl group of 
citrulline. O ther p lants w ere also tested, such as seedlings of the łupin, 
w heat, barley, cucum ber and bean, but have shown only negligible 
activity.

In  th is  p a p e r  an  L -g lu ta m in e-m e d ia te d  s y n th e s is  o f  c itr u llin e  b y  p ea  
se e d lin g s , h a s  b e e n  d escr ib ed .

MATERIALS AND METHODS

Reagents. ATP-Na2 (Reanal, H ungary and Schuchardt, Germany); 
L-ornithine-HCl and 3-phosphoglycerate Ba salt (Calbiochem., U.S.A.); 
for experim ents the Ba salt was transferred  to К  salt; N - a c e t y l - D L - g l u -
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tam ie acid and L-glutamic acid (Sigma Chem. Corp., St. Louis, U.S.A.); 
tr is  (Carl Roth, K arlsruhe, Germany). Ali other reagen ts  w ere  of Polish 
origin, d istribu ted  by Biuro O brotu Odczynnikam i, Gliwice.

E nzym e extracts. G reen pea seeds, varie ty  P erła  Szlachetna, were 
soaked overnight in w ater and germ inated on sm ali trays eovered w ith 
m oist cotton wool. P lan ts w ere grow n a t room tem pera tu rę  for 10-14  
days and the tops ( 4 - 5  cm. aiboye the roots) w ere used for the acetone- 
-d ried  powder preparation. The harvested  p lan t tops w ere frozen in 
solid C 0 2 and homogeniized th ree tim es for 15 sec. a t 16 000 rev./m in. 
in a cooled Servall Om nimixer, w ith  7.5 volum es of acetone (cooled in 
solid C 0 2) containing 10 т м -2 -m ercaptoethanol. The hom ogenate was 
ąu ick ly  filtered  through a Schott G-3 sin tered glass and again homo- 
genized as above w ith  an excess of acetone ( 15- 20 yolumes of the  initial 
w eight of seedlings). A fter filtration, the sedim ent w as w ashed with 
cold acetone and the light green m ateria ł spread th in ly  on filter paper 
to allow  ąuictk evaporation of acetone. The d ry  preparation  kept in an 
evacuated desiccator оѵег P20 5 a t 4 - 8 °  retained its in itia l enzyme 
activ ity  for at least two m onths.

The enzyme solution w as p repared  ju st before the experim ents by 
ex traction  of 100 mg. of the acetone-dried pow der in ice w ith  10 ml. 
vof 0.2 M-tris-HCl buffer, pH 7.6, containing 10 m,Mł-2-m ercaptoethanol, by 
continuous stirring  for 5. min. and filtering  through cotton wool.

The ATP regenerating  enzyme prepara tion  w as obtained from  rabbit 
m uscle according to Raoker [7] using the m odification described by 
R atner [8].

Incubation mixture:  0.25 ml. of the  acetone-dried-pow der extract, 
0.25 ml. of a solution containing 50 M-moles of tris-H Cl buffer, pH 7.6, 
and 2.5 Mmoles of 2-m ercaptoethanol; 0.1 ml. of a m ixture containing 
5 Mmoles ATP, 10 м-moles L-om ithine-H Cl and 15 м-moles M gS04, 
ad justed  to pH 7.4 w ith  0.5n-K O H ; 0.1 ml. of a solution containing 
20 Mmoles of L-glutamine, 20 M-moles of N aH C 03 and 10 м-moles of 
3-P-glycerate; and 0.1 ml. of a solution containing 1.2 mg. of the 
freeze-dried  ATP regenerating enzyme preparation. The m ix tu re  w as 
m ade up w ith  w a te r to  1.1 ml. and ineubated for 30 min. a t 37°. The 
reaction w as stopped by addition of 0.1 ml. of 60% HC104, th en  w ater 
was added to 2.6 ml., the  precip itated  protein  was centrifuged off and 
2 ml. of the superna tan t w ere used for the determ ination of citrulline [1]. 
Control sam ples w ere p repared  as above, except th a t the  enzyme 
solution has been inactiyated  by heating a t  100° in  a w ater bath for 
5 min. p rior to the addition of above substrates.

P ro tein  w as determ ined according to Low ry et al. [5], 2.5 - 3.0 mg. 
of pro tein  being presen t in 1 ml. of the  acetone-dried powder extracts. 
Enzym e actiy ity  was expressed as m um oles of synthesized citrulline 
per 1 mg. of pro tein  in experim ental conditions.
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RESULTS

The synthesis of carbam oyl group was assumed to have occurred 
w hen in  the  incubation m ix ture  citru lline was form ed from  L-ornithine 
in the  presence of bicarbonate, glutam inę and ATP, orn ith ine transcar- 
bam ylase being present in a sufficient am ount in the acetone-dried 
powder ex tracts [9].

To ascertain  the optim um  conditions for the reaction studied, three 
buffer Solutions w ere tried. Glycylglycine was m ore effective by about 
20°/o, and phosphate buffer less effective by 20%, than  tris-H Cl buffer. 
Since supplies of glycylglycine w ere inadeąuate, all reported  ехрегі- 
m ents w ere done in tris  buffer.

The pH  optim um  for the  assayed reaction (Fig. 1) lies betw een 7.4 
and 7.6. L inear rela tion  betw een the ąuan tity  of enzyme and citru lline 
form ation w as obseryed only at a narrow  rangę up to 0.25 ml. of the 
ex trac t used (Fig. 2). The enzymie activity  inereased proportionally  to

Fig. 1. E ffec t o f  pH  on c itru llin e  sy n th es is . T he in cu b a tio n  system  w as as described
! u n d e r  M ethods.

F ig . 2. E ffec t of co n cen tra tio n  of a c e to n e -d rie d  po w d er e x tra c t  on c itru llin e  
sy n th esis . T he in cu b a tio n  sy s tem  w as a s  described  u n d e r  M ethods ex cep t th a t  

th e  a m o u n t of ace to n e -d ried  p o w d e r e x tra c t w as ch an g ed  as in d ica ted .

the  tim e of incubation for up to one hour (Fig. 3) and no fu rth e r in- 
crease was obseryed on extending the tim e of incubation. About 
15 pmoles of Mg2+ per sample (1.1 ml.) w ere the optim um  am ount for 
the  actiyity. H igher concentrations caused a smali decline in the form a
tion of citru lline (Fig. 4).

The effect of m etal ions is show n in  Table 1. The Mg2+ ions proved 
to be the m ost efficient activator, followed by Mn2+ and Co2+. Nickel 
ions were practically  inactiye. The addition of Co2+ to Mg2+ ions caused 
a 50% drop in  actiyity. Leyepberg [4] used fluoride ion as stabilizing
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Fig. 3 Fig. 4 Fig. 5

Fig. 3. E ffec t o f tim e  o f in e u b a tio n  on c itru llin e  sy n th es is . T he in eu b a tio n  sy s tem  
w as as described  u n d e r  M ethods, an d  tim e  of in eu b a tio n  as in d ica ted  in  th e  F ig u rę . 
Fig. 4. E ffec t of M g2+ co n cen tra tio n  o n  c itru llin e  syn thesis . T he in e u b a tio n  sy s te m  
w as as described  u n d e r M ethods, ex cep t th a t  th e  a m o u n t of M g S 0 4 w as as

in d ica ted  in  th e  F ig u rę .
Fig. 5. E ffec t o f L -g lu tam in e  co n cen tra tio n  on  c itru llin e  sy n th e s is . T he in e u b a tio n  
sy s tem  w as as d escribed  u n d e r  M ethods ex cep t th a t  th e  am o u n t of L -g lu tam in e

w as as in d ica ted  in  th e  F igu rę .

agent for the enzyme. In  our experim ents it was found th a t the addition 
of only 3 pmoles of K F to the ineubation m ix ture  caused to tal inhibition 
of citru lline form ation.

The presence of bicarbonate proved of im portance, as w ithout its 
addition the enzyme activ ity  was lower by about 40%. The effect of 
concentration of L-glutamine on the reaetion is shown in Fig. 5. U nder 
the conditions used, the m axim um  activ ity  was reached a t 10 umoles 
of L-glutamine per sample; the addition of N -acetylglutam ate had no 
effect on citrulline form ation.

T a b l e  1
The effect of metal ions on citrulline synthesis  

The in eu b a tio n  sy s tem  e o n ta in e d : a ce to n e -d ried  p ow der e x tra c t, 0.25 m l.; tr is -H C l 
b u ffe r, pH  7.6, 50 pm oles a n d  2 -m ercap to e th an o l, 2.5 (rm oles; A TP, 5 pm oles; 
L -o rn ith ine , 5 pm oles; m e ta l ions in  am o u n t as sh o w n  in  T ab le ; L -g lu tam in e , 
20 (.imoles; N aH C 0 3, 20 |xm oles; 3 -P -g ly ce ra te , 10 (xmoles; A T P re g e n e ra tin g  
enzym e p re p a ra tio n , 1.2 m g.; w a te r  to  g ive  a f in a ł v o lu m e of 1.1 m l. T im e o f

in e u b a tio n  30 m in . a t  37°.

Addition Concentration
(jamoles/sample)

Citrulline synthesis 
(mfi.moles/mg. protein)

None 0
Mg2 + 15 80
Mn2 + 15 20
0 )2  + 15 10
Ni2 + 15 traces
Mg2+ +  Co2 + 15 +  15 40
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T a b 1 e 2

Effect of L-glutamine, l -asparagine, NH^+ and other nitrogen 
compounds on citrulline synthesis

T he in eu b a tio n  m ix tu re  w a s  a s  d esc rib ed  u n d e r M ethods ex cep t th a t  w h e re  
in d ic a te d  L -g lu tam in e  w as  rep laced  w ith  20 pm oles p e r  sam p le  of th e  in d ica ted

com pound.

Compound Citrulline synthesis 
(mpimoles/rng. protein)

L-Glutamine 1 0 0

L-Asparagine 30
Formamide 0

Succinate amide 0

Benzoate amide 0

Succinate imide 0

L-Glutamic acid 0

Ammonium carbamate 1 2

N H 4 HCO 3 9
( n h 4 )2 s o 4 1 2

Amides o ther th an  L-glutamine w ere tested as n itrogen donors 
(Table 2). L-Asparagine showed considerable aetiyity  but form amide, 
succinate amide, benzoate amide and succinate imide had practically 
no effect. Some aetiy ity  w as observed in the presence of inorganic 
amm onium  salts. No c itru lline  form ation was obseryed w hen L-gluta
m ine was replaced by L-glutamic acid.

T a b l e  3

Effect of SH-compounds on citrulline synthesis  
T he in eu b a tio n  m ix tu re  w a s  as described  u n d e r  M ethods ex cep t th a t  th e  acetone 

pow der w as p re p a re d  w ith  tr is  b u ffe r w ith o u t 2 -m ercap to e th an o l.

Addition  
(5 |i.moles/sample)

Citrulline synthesis 
(mfi.moles/mg. protein)

None 70
2-Mercaptoethanol 99
SH-glutathione 97
Cysteine 60
Control, extraction with 2-mer

captoethanol 126

For the experim ents on the effect of SH-containing compounds tris 
ex tracts w ithout 2-m ercaptoethanol w ere used, and to the  ineubation 
m ixture  5 pmoles of 2-m ercaptoethanol, reduced glutathione or cysteine 
was added and com pared w ith  the sample ex tracted  in the  presence of 
2-m ercaptoethanol (Table 3). 2-M ercaptoethanol and reduced glutathione
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added to the  incubation m ixture, had an activating effect on the enzyme. 
It is rem arkable  th a t no such effect w as observed on addition of cysteine, 
the reducing actiy ity  of w hich w as tested  w ith  urease and arginase 
prior to th is experim ent.

DISCUSSION

For the synthesis of carbam oyl group of c itru lline  in green pea 
seedlings L-glutamine appears to be the fayoured donor of nitrogen. 
As glurtamate was found to be inactiye, it  would seem th a t the amide 
group of L-glutamine contributes the  necessary nitrogen.

The resu lts  reported  in th is paper confirm  largely the findings of 
Leyenberg [4] on the m ushroom  Agaricus bisporus. The role of L-gluta
m ine and Mg2+ as well as the optim um  pH rangę appear to be sim ilar 
both for the  m ushroom  and green pea seedlings. Howeyer, seyeral dif- 
ferences have been obseryed. W ith the m ushroom  enzyme Co2+ was twice 
as active as Mg2+ w hereas w ith  the pea seedling enzyme Co-2+ had only 
10% of the  actiyity  of Mg2+. F luoride had no stabilizing effect on the 
pea seedling enzyme, on the con trary  the addition of 3 м-moles of KF 
to the incubation m ix ture  caused to tal inhibition of citru lline form ation. 
In the  m ushroom , only L-glutamine w as effective as n itrogen donor 
w hereas in pea seedlings L-asparagine w as also utilized but the reaction 
was 30% of th a t w ith  L-glutamine. It w ould therefore seem th a t the 
reaction in  pea seedlings is less specific th an  in A. bisporus. Y et the 
results presented  in  this paper w ill have to be confirmed on plant 
enzyme p reparation  tha t had been fu rth e r  purified.

No satisfactory  resu lts  w ere obtained w ith  incubation systems com- 
m only used for carbam ate kinase o r carbam oyl phosphate synthase 
(unpubllshed results).

I w ish to express m y very  best thanks to Prof. Dr. Р. P. Cohen who 
facilitated m y first experim ents in his laboratory in 1962 and to Dr. M. 
M arshall also from  the U niyersity  of Wisconsin, Madison, U.S.A. for 
the gift of 3-phosphoglycerate. I w ould like to express my best thanks 
to Prof. Dr. I. Reifer for yaluable advice and discussion. The skilfull 
technical assistance of Miss Jadw iga Konaszewska is gratefully  acknow- 
ledged.

t

SUMMARY

It was shown th a t in green pea seedlings L-glutamine is the best 
nitrogen donor for the form ation of carbam oyl group of citrulline. 
L-Asparagine had 30%, and inorganic am m onium  ions about 10%, of 
L-glutamine actiyity  w hile N -acetylglutam ate had no effect. The 
presence of Mg2+ proved to be essential. The optim um  pH for synthesis 
was 7.4 - 7.6.
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L -G LU T A M IN A  JA K O  D O N O R  A ZO TU  W SY N T E ZIE  
K A .R B A M O ILO FO SFO R A N U  W K IE Ł K A C H  G RO C H U

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

W ykazano , że w  k ie łk ach  g ro ch u  L -g lu tam in a  je s t n a jlep szy m  dono rem  azo tu  
d la sy n tezy  g ru p y  k a rb am o ilo w e j c y tru lin y . L -A sp arag in a  w y k a z u je  30°/o, a  n ie 
o rg an iczn e  jo n y  am onow e 10% ak ty w n o śc i L -g lu tam iny , podczas gdy N -ace ty lo - 
g lu ta m in ia n  je s t n ieczynny . A k ty w n o ść  u k ła d u  u w a ru n k o w a n a  je s t obecnością  jo 
nów  M g2+, a o p tim u m  pH  w y n o si 7,4 -  7,6.

R eceiyed  7 J a n u a ry  1965.
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EDTA AS INHIBITOR OF FERRICYANIDE REDUCTION 
BY GLUTATHIONE AND CYSTEINE

D e p a r tm e n t o f B io c h e m is try , F a cu lty  o f P harm acy , M edica l School, W arszaw a

Potassium  ferrieyanide is an artificial electron acceptor widely used 
for studying resp ira to ry  enzymes [14, 10, 12], which, being reduced by 
SH groups, is also used for the estim ation of SH groups of proteins [4].

Three lactate dehydrogenases from  yeast studied in our laboratory 
are known to differ, amomg others, in the ab ility  to reduce ferrieyanide, 
the lower reduction  being accompanied by a low er sensitivity  to p-chlo- 
rom ercuribenzoate 1 and EDTA [8, 12]. Taking these data into account, 
it was thought th a t experim ents on the effect of EDTA on the reduction 
of artificial e lectron  acceptors by SH compounds, m ay help to elucidate 
the  m echanism  of ferrieyanide reduction by enzym e systems.

EXPERIMENTAL

Chemicals: G lutathione (GSH) and cysteine (CySH) w ere obtained 
frem  T. Schuchard t (Munchen, W est Germany), 2,3-dim ercaptopropanol 
(BAL) from  Fluka (Switzerland), /?-hydroxyethyl-2,4-dinitrophenyl di- 
sulphide (HEDD) was synthesized and k indly  given by Doc. Dr. S. Bit- 
nv-Szlachto. Chelax 100 was from Calbiochem. (Los Angeles, U.S.A.). 
O ther reagents w ere of analytical grade, obtained from  Fabryka Odczyn
ników Chemicznych, Gliwice, Poland. The com plexes of EDTA w ith  
Mg2+ and Cu2+ w ere prepared according to P fe iffer & O fferm an [9] and 
the Fe3+ с о тр іе х  according to B rintzinger et al. [3].

Determination of the reduction rate. The finał volum e of the reaction 
mixturje w as 3 ml., and a sample contained: 100 umoles of phosphate 
buffer, pH 7.5; one of three electron acceptors: ferrieyanide, 2.0 lumoles, 
Fe3+-EDTA с о тр іе х  390 f^moles or 2,6-dichlorophenol indophenol 0.2

1 A b b re y ia tio n s  u sed : PCM B, p -c h lo ro m e rc u rib e n z o a te ; BAL, 2 ,3 -d im ercap to 
p ro p an o l; F eC y, fe r r ie y a n id e ; F eY -1, с о т р іе х  of F e3+ w ith  ED TA ; D C PI, 2 ,6 -d i
ch lo ropheno l in d o p h en o l; HEDD, /? -h y d ro x y e th y l-2 ,4 -d in itro p h en y l d isu lph ide .
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252 W. TYSAROWSKI and A. KONECKA [2]

M-moles; and one of six electron donors (in pmoles): glutathione 1.5, 
cysteine 1.0, thioglycollate 1.5, BAL 1.0, hydroąuinone 1.5 (for DCPI 2.0), 
and y itam in  C: 0.75 for F eC y , 1.0 for FeY"1 and 0.5 for DCPI, EDTA, 
w hen used, w as added, unless otherw ise indicated, in the  same m olar 
concentration as the reducing agent.

The ra te  of the reduction  of the electron acceptor was estim ated 
during 1 min. after the addition of the electron donor. The reduction of 
ferricyanide was determ ined by m easuring the  change of extinction at 
420 mp, th a t of indophenol a t 620 mp and the reduction  of the Fe3+-EDTA 
сотр іех , by m easuring the change of extinction a t 510 mp of the coloured 
compound form ed by Fe2+ w ith  o-phenanthroline [15]; for this purpose,
2.0 (amoles of o-phenanthroline w ere added a fte r  1 m in. incubation of 
the acceptor w ith electron donor and extinction w as read  during 1 m in. 
The extinctions w ere read  in an SF-5 spectrophotom eter (U.S.S.R.). 
The inhibitory effect was expressed as percentage according to the

eąuation: f — 1 j  X 100, and the activating effect as |  l j  X 100;

w here v ; is the  reaction ra te  w ith inhibitor, v, reaction ra te  w ithout 
inhibitor o r activator, and v8, reaction ra te  w ith  activator.

Free SH groups w ere determ ined by the n itroprusside m ethod [6], 
w ith  HEDD [2], and by m easuring directly  th e  extinction at 230 or 
240 mp [11, 5].

RESULTS

The reduction of ferricyanide by GSH or CySH was inhibited 
by 90°/o in  the  presence of EDTA (Fig. 1), th e  effect of EDTA being 
practically  instantaneous. The same degree of inhibition was obseryed 
w ith  thioglycollate used as the reducing agent. The effect of EDTA 
concentration on the reduction of FeCy by GSH is shown in Fig. 2 ; 
a t about 7.5 млч concentration of EDTA the inhibition was 50%.

T a b l e  1

The effect of EDTA on the reduction of different electron acceptors

Conddtions as described  in  th e  sec tio n : D e te rm in a tio n  of th e  red u c tio n  ra te . A ll 
re ac tio n s  w e re  s ta r te d  by th e  a d d itio n  o f th e  red u c in g  ag en t. T he re s u lts  in d ica te

°/o of in h ib itio n .

Electron acceptor

One-electron donor Two-electron donor

GSH CySH Thiogly
collate

BAL Vita- 
min С

Hydro-
quinone

Univalent FeCy 8 8 89 89 2 0 5
F e Y - i 96 29 71 1 5 —

Bivalent DCPI 0 2 1 1 0 0 0
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[3] INHIBITION OF FERRICYANIDE REDUCTION 253

Fig . 1 Fig. 2

Fig. 1. T he e ffe c t of ED TA  on  th e  r a tę  of red u c tio n  of fe r r ie y a n id e  by  g lu ta th io n e  
an d  cy ste in e . T he co n d itio n s  of th e  e x p e r im e n t as d escrib ed  in  th e  sec tion : 
D e te rm in a tio n  of re d u c tio n  ra te . T he re a c tio n  w as s ta r te d  by  th e  ad d itio n  of 
G SH  o r CySH . (O ), G SH ; ( • ) ,  G SH  +  ED T A ; <□), C ySH ; (■ )  C ySH  +  EDTA.

Fig . 2. T he e ffec t of ED TA  co n cen tra tio n  on th e  r a te  of red u c tio n  o f fe r r ie y a n id e  
by g lu ta th io n e . T he reac tio n  m ix tu re  (3 ml.) co n ta in ed : 2.0 fim oles o f  FeC y; 
100 fim oles of p h o sp h a te  b u ffe r , pH  7.5; 1.5 nm oles of G SH , a n d  ED TA  a t th e  
in d ic a te d  co n cen tra tio n . T he reac tio n  w as s ta r te d  by ad d in g  GSH. (Д), R esu lts  
o b ta in e d  w hen  Cu2+ h a d  b een  rem o v ed  by tr e a tm e n t  w ith  d ith izo n e  so lu tio n  in  

c a rb o te tra c h lo rid e ; (# ) ,  w ith o u t rem ov ing  C u2+.

The inhibitory effect of EDTA on the redox system s studied is sum- 
m arized in Table 1. In a system  composed of FeCy and one-electron 
donor the inhibition by EDTA was found to  be about 90%. In a system 
containing FeY ' 1 as acceptor, d ifferen t values of inhibition were obtained 
w ith  particu lar one-electron donors: 96% for GSH, 71% for thioglycollate 
a n d  29% for CySH. If the bivalent acceptor DCPI was used, EDTA had 
po effect on the reduction either w ith  un i- or bivalent electron donors. 
Sim ilarly, EDTA did not affect the reactions of FeCy and FeY -1 w ith 
a  bivalent reducing agent: BAL, y itam in С or hydroąuinone.

The lack of inhibition of FeCy and FeY"1 reduction by the biyalent 
electron donors indicated  th a t EDTA did not bind w ith  these two 
oxidants. Therefore the possibility th a t the  inhibitory effect of EDTA 
consists in  its binding to thiol groups, was exam ined. Howeyer, no 
decrease in  the num ber of free SH groups of GSH or CySH w as obser
yed a fte r addition of EDTA (Table 2).

Since the  effect of EDTA could not be explained by the binding w ith 
ferrieyanide or SH group, it was thought th a t a m etal m ay participate 
in the  reaction and the effect of yarious cations was exam ined (Table 3).
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Hg2+ ion a t 50 mm concentration inhibited the reaction, the  ra tę  of the 
reaction  being 56% of the control; at 500 mm concentration, the ra te  was 
only 18%. Co3+ a t 500 mm concentration inhibited the reaction by 60% 
w hereas Zn2+, Al3+, Fe3+ and Mg2+ had no effect. On the  o ther hand, 
Cu2+ ion enhanced the  reaction ra te  by 20% at 0.05 ц'м concentration 
and by 60% at 50 цм. The со тр іе х  of Cu2+ w ith EDTA also increased 
the reaction.

T a b l e  2

Interaction of EDTA with  the SH groups

M eth o d s  a s  described  in te x t. In  th e  T ab le , th e  ex tin c tio n  v a lu e s  a re  g iven.

Sample (3 ml.)
Method o f determination

Nitroprusside H EDD Егзот^ Е 24Ст ft

Cysteine, 54 pmoles 0.460 _ 0.215 0.060
Cysteine, 54 pmoles +  EDTA,

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

0.9 pmole — 0.385 — —

T a b l e  3

The effect of metal icns on the reduction rate

T he re a c tio n  m ix tu re  (3 ml.) co n ta in ed : 100 pm oles of p h o sp h a te  b u ffe r, pH  7.5;
2.0 pm o les FeC y; 1.5 pm oles GSH, an d  th e  in d ica ted  m e ta l ion. T h e  reac tio n  w as 
s ta r te d  by th e  a d d itio n  of GSH. T he red u c tio n  ra te  w ith  no  ions ad d ed  (control)

tem
w as 0.320 ДЕ420/ m in.. T he re su lts  a re  ex p ressed  as %  o f in h ib it io n  (—) o r

ac tiv a tio n  (+ ).

Addition 0.05 рм 0.5 рм 5 рм 50 рм 500 рм

Zn2 + +  3 +  1 — 6 0
Fe3+ —7 +  1 — 7 — 7 +  9
Mg2+ +  4 —13 — 2 — 11 0
Hg2+ —10 — 13 - 4 — 44 — 82
A13+ —9 — 3 — 5 — 1 0 — 1 0

Cu2+ + 2 1 +  31 + 4 6 +  62 —
СОЗ+ +  10 + 1 +  9 +  1 — 60
Cu2+-ED TA сотр іех — — — — + 40

As Cu2+ ion w as found to accelerate the reduction  of FeCy, ехрегі- 
m ents w ere perform ed in which special proeedures w ere applied to 
гетоѵ е  copper from  the  w ater and reagents used (Table 4). No change
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[5] INHIBITION OF FERRICYANIDE REDUCTION 255

in  the reaction ra te  was observed w hen the w ater had been bidistilled 
from  glass, and w hen the reagents had been treated  w ith Chelax 100 [16]. 
But if the w ater had been distilled in the  presence of EDTA the reaction 
ra te  was lower by 34%; the treatm ent of the reagents w ith  a solution 
of dithizone in carbotetrachloride [13] reduced the ra te  by 66%  and the 
trea tm en t of the reagent Solutions w ith Mg2+-EDTA со тр іе х  for 24 hr. 
resu lted  in  a decrease by 39%. N evertheless in all the experim ents in 
which Cu2+ had been removed, the addition of 1.5 м-moles EDTA to the 
reaction m ixture inhibited the reduction of FeCy by 70 - 90%.

T a b l e  4

The effect of гетоѵаі of Cu2+ and of adding EDTA on the reduction  
of ferricyanide by glutathione

T he reac tio n  m ix tu re  (3 ml.) co n ta in ed : 100 |xmoles o f p h o sp h a te  b u ffe r, pH  7.5;
2.0 n-moles of FeC y an d  1.5 im ioles G SH. T he a m o u n t o f ED TA  added  w as

1.5 pm oles. T he reac tio n  w as s ta r te d  by ad d in g  GSH.

Reduction rate

Treatment o f the reagents no EDTA with EDTA  

( / lE ^ /m i n . )

Inhibi
tion
(°/o)

Dissolved in distilled water 0.350 0.040 88
Dissolved in bidistilled water 0.345 0.035 90
Dissolved in distilled water in the presence

o f EDTA 0.230 0.040 83
The reagent solution treated with Chelax 100 0.330 0.030 91
The reagent solution treated with dithizone in

carbotetrachloride 0.120 0.030 71
The reagent solution added with Mg2+-EDTA

сотр іех  (500 р.м) and left for 24 hr. 0.215 0.040 81

When Cu2+ had been rem oved by dithizone, EDTA in about 10 mm 
concentration inhibited by 50% the reduction of FeCy by GSH (Fig. 2); 
w ithout rem oving the Cu2+ ion the same degree of inhibition was 
obtained w ith  7.5 мм-EDTA. The concentration of copper in bidistilled 
w ater, determ ined spectrophotom etrically, was 0.088 mm, being thus 
1/100 of th a t concentration of EDTA which inhibited the reaction 
by 50%.

The inhibition of ferricyanide reduction by EDTA w as fu lly  reversible 
by the addition of an eąuim olar am ount of C uS 04 (Fig. 3). On the 
assum ption th a t the ra tio  of EDTA to copper in th e  оо тр іех  form ed 
is as 1 : 1, i t  w as possible to calculate the theoretical concentration of 
free EDTA inhibiting the reaction. For the inhibition by 50%, this value 
was calculated to be 10 mm, which is in agreem ent w ith  the experim ental 
results.
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Fig. 3. T he e ffec t of C u2+ on  th e  E D T A -induced  in h ib itio n  of fe r r ic y a n id e  re d u c tio n . 
T he re a e tio n  m ix tu re  (3 ml.) eo n ta in ed : 2.0 um oles of F eC y; 100 um oles of 
p h o sp h a te  b u ffe r, pH  7.5; 1.5 pm oles G SH ; 0.15 pm o les ED TA ; an d  C u S 0 4 ra n g in g  

fro m  0.015 to 0.15 fimoles. T he re a e tio n  w as  s ta r te d  by  ad d in g  GSH.

DISCUSSION

The presented experim ents indicate th a t the inhibition by EDTA of 
ferricyanide reduction by SH compounds is no t due to the  in teraetion  
of EDTA w ith  the electron donor or acceptor. Two o ther m echanism s 
of EDTA actiyity w ere therefore  considered: chelation of traces of 
m etal ion catalysing the reduction, or the  in teraetion  of EDTA w ith an 
in term ediate form ed during  the reaetion.

Amoing the  m etal ions tested, only Cu2+ accelerated the reduction 
of ferricyanide and seem ed to participate  in  the oxidation of SH groups 
by ferricyanide. It should be noted th a t B arron [1] and Michaelis [7] 
reported  a catalytic effect of copper on the autoxidation of cysteine. 
In  our experim ents, the  ra te  of ferricyanide reduction  decreased a fte r  
гето ѵ а і of oopper from  the reaetion m ixture. I t  was obseryed, howeyer, 
th a t also in th is case th e  reaetion w as inhibited by EDTA, therefore the 
chelating p roperty  of EDTA cannot acoount for the  w hole of the obseryed 
inhibition, and it seems justified  to postulate an  in teraetion  of EDTA 
w ith  an in term ediate preduet:

G S H ^ G S “ + H + (1)
GS" +  FeCy -> (GS-FeCy) (2)
(GS-FeCy) +  EDTA ^  (GS“FeCy-EDTA) (3)

The in term ediate form ed in  the reaetion  (2) w ould be bound by EDTA. 
Since th is interm ediate is form ed in  a smali am ount and EDTA at a eon-
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centration corresponding to 1/60 of the  used concentrations of GSH and 
FeCy has been found to iinhibit the reaction by 50%, i t  seems possible to 
suggest a stoicheiom etric reaction of EDTA w ith  the interm ediate. In 
this case EDTA would have a non-chelating effect.

From  the presented experim ents it follows tha t in the reaction 
betw een GSH and FeCy, the inhibition by EDTA seems to be due to two 
independent mechanisms: the chelating effect (гетоѵаі of copper), and 
the non-chelating blocking of fuirther conyersion of the interm ediate.

EDTA did not inhibit the reduction  of the  biyalent electron acceptor 
DCPI by compounds possessing one SH group. This m ay suggest another 
pa tte rn  of the reduction m echanism . The reduction of ferricyanide by 
GSH would proceed as follows:

2 G S ' +  2 Fe3+Cy -> 2 (G S-Fe3+Cy) -> 2 (GS°Fe2+Cy) ->
-> GSSG +  2 Fe2+Cy

w hereas the reduction of 2,6-dichlorophenol indophenol seems to proceed 
through the foliowing steps:

2 GS-  +  DCPI —> | q § -  D C Plj—> (^ red u ced  DCPlj —>

—► GSSG +  reduced DCPI

The proposed m echanism s m ay ехріаіп the effect of EDTA. W ith 
a biyalent electron acceptor, the interm ediate form ed is of the type 
GS"” \indophenol J. The two' SH groups binding w ith one molecule of the

acceptor, become situated  in  close proxim ity and EDTA cannot preyent 
their oxidation, and so EDTA could not affect the reduction of the 
biyalent electron acceptor. The lack of an inhibitory effect of EDTA on 
the  reduction of un iyalen t electron acceptors by BAL which possesses 
two SH groups per molecule, m ay be explained in a sim ilar way. On 
the  other hand, in the reaction betw een one-electron donor and one- 
-eiectron acceptor the oxidized product is form ed from  two molecules 
of the interm ediate (GS- FeCy). EDTA interacts w ith  GS“FeCy and thus 
preyents the form ation of the oxidized product.

The presented experim ents suggest th a t in 'biological studies on the 
inhibitory effect of EDTA, the possibility of its  non-chelating actiyity 
should be tak en inito account.

The authors wish to thank  Doc. Dr. S. Bitny-Szlachto from the 
M ilitary Institu te  of Hygiene and Epidemiology, W arszawa, for the  gift 
of HEDD, the staff of the D epartm ent of A nalytical Chem istry of the 
In stitu te  for Nuclear Research, W arszawa, for perform ing the ąuan tita - 
tive  assays of copper ion; and Mrs. Stefania M łodzińska for technical 
.assistance.
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SUMMARY

The effect of EDTA o<n the  reduction  of un ivalen t and bivalent 
electron acceptors by th io l compounds w as studied. EDTA inhib ited  the 
reaction of a  un ivalen t electron acceptor w ith  a reducing agent con- 
tain ing  one SH group; гешоѵаі of copper did not оѵ егсоте the inhibition. 
W ith  2,6-dichlorophenol indophenol as a bivalent electron acceptor, 
EDTA had no effect.
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ED TA  JA K O  IN H IB IT O R  R E D U K C JI Ż E L A Z IC Y JA N K U  PR Z E Z  G L U T A T IO N
I CY STEIN Ę

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

B ad an o  w p ły w  EDTA  n a  szybkość re a k c ji re d u k c ji jed n o e lek tro n o w y ch  i dw u- 
e lek tro n o w y ch  ak cep to ró w  p rzez  związiki su lfh y d ry lo w e . ED TA  w y w o łu je  e fek t 
h am o w an ia  w  u k ład ac h : jed n o e lek tro n o w y  a k c e p to r  - re d u k to r  z a w ie ra ją c y  jed n ą  
g ru p ę  SH. E fe k t ham o w an ia  po u su n ięc iu  m iedzi ró żn y m i sposobam i je s t ta k i 
sam  ja k  bez je j u sun ięc ia . ED TA  n ie  h am u je  re d u k c ji d w u e lek tro n o w y ch  ak cep 
to ró w  e lek tronów .

R eceived  20 J a n u a ry  1965.
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HYDROLYSIS OF FATTY ACYL ESTERS OF p-NITROPHENOL BY 
HOMOGENATES OF INTESTINAL MUCOSA OF DIFFERENT 

ANIMAL SPECIES

D ep a r tm en t o f P hysio log ica l C h em is try , M edical School, K ra kó w

Carboxylic ester hydrolases (ЕС 3.1.1.1) are  w idely d istribu ted  in 
naturę . Anim al tissues contain two types of these enzymes: type A, 
resistan t to organophosphate inhibitors, and type B, sensitive to these 
compounds [1]. Esterases of Iow specificity, acting on both aliphatic and 
arom atic substrates, belong to both these types. The distribution of these 
enzym es in the  ra t  was studied by A ldridge [2]. This au thor found th a t 
ra t in testinal mucosa contains chiefly organophosphate-sensitive esterase 
hydrolysing phenyl bu ty ra te  m orę rap id ly  than  phenyl acetate. More 
detailed studies concerning substrate  specificity w ere carried out by 
Hofstee [6, 7] on esterases from  Ііѵег and pancreas. He found th a t the 
ra te  of hydrolysis of m -hydroxybenzoic acid esters increases w ith  the 
elongation of the fa tty  acyl chain, reaching a m axim um  betw een C5 
and Cg, or even at higher num bers of carbon atoms in the  case of the 
Ііѵег enzyme.

The p resen t paper describes the hydrolysis of a series of fa tty  acyl 
esters of p-nitrophenol differing in chain length, by crude ex tracts of 
sm all-in testine mucosa of six anim al species, i.e. chicken, rat, rabbit, 
pig, ox, and man.

MATERIALS AND METHODS

Preparation of mucosal extracts. Sections of the  sm ali in testine, 
m ainly from  the p a rt р го х іта і to the duodenum, w ere used for ехрегі- 
m ents. Chickens, rabbits and rats deprived of food for 12 hr. w ere 
killed in the  laboratory, and the intestines w ere rem oved im m ediately, 
rinsed w ith  ice-cold 0.9% NaCl solution, and opened longitudinally  on 
a glass plate. The mucosa was then  scrapped off w ith  a glass slide, 
weighed, and homogenized in a glass hom ogenizer w ith an appropriate  
volume of 0.1 м-acetate buffer, pH  5.6, containing 1 т м -EDTA. The
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homogenate was centrifuged for 15 m in. a t 10 000 rev./m in. in a MSE 
refrigerated  centrifuge. Ox and pig in testines w ere obtained from  
a slaughterhouse, transported  on ice, and then  treated  in the same way. 
H um ań intestine (a section 5 cm. long) w as taken  in the oourse of 
a surgery.

Substrates. p-N itrophenyl esters of acetic, propionic, butyric, yaleric, 
hexanoic, heptanoic, octanoic, decanoic and dodecanoic acids w ere syn
thesized according to the m ethod of Huggins & Lapides [9] designed for 
p-nitrophenyl acetate synthesis. According to th is m ethod, a solution 
of p-nitrophenol in benzene w as refluxed  w ith the appropriate  acyl 
chloride in  the presence of m agnesium  turnings. The m ixture  was taken 
to ethyl e ther and washed repeatedly  w ith  diluted sodium bicarbonate 
solution and w ater; then  the solyents w ere rem oved by distillation under 
reduced pressure. The solid esters (acetate, propionate, decanoate and 
dodecanoate) were recrystallized from  m ethanol un til free from  
unesterified phenol. The rem aining, liąuid  esters were purified  by 
repeated distillation in ѵасио.

ó th e r  reagents. D iisopropylfluorophosphate (DFP) was a produet of 
L. L ight & Co. (Colnbrook, Bucks, England). The reagents used for 
preparation of buffer Solutions w ere of analytical grade.

Determination of esterase activity. A  m ix ture  of 2.5 ml. of suitably  
diluted mucosal ex tract and 1.5 ml. of 0.066 м-phosphate buffer, pH 7.0, 
was eąuilibrated for 5 min. at 25°, then  1.0 ml. of 0.5 т м -substra te  
solution was added. A fter 10 to 20 min. ineubation, the extinction of 
the  yellow colour of the liberated p-nitrophenol was read at 430 mu 
in a Coleman Junior Spectrophotom eter. The ineubation samples were 
kept at 25° up to the m oment of extinetion reading, and the exact tim e 
of ineubation was then  noted. Six parallel tests were run  sim ultaneously, 
w ith  two Controls for non-enzym ic hydrolysis. Ali substrates w ere 
tested w ith  the same dilution of the mucosal ex trac t w ith in  one series 
of determ inations. The activity  w as expressed as Mmoles of the substra te  
decomposed per 1 min. per 1 mg. protein.

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

RESULTS

The aetiyity patterns of mucosal ex traets related  to the length of 
the fa tty  acyl chain of p-n itrophenyl esters, are presented in Fig. 1. 
The generał appearance of the patterns is sim ilar for all anim als studied. 
The aetiy ity  inereases a t  firs t w ith the inerease of the chain length, 
atta ins a т а х і т и т  for esters betw een C5 and C7, and falls w ith the 
fu rth e r inerease in the num ber of carbon atoms. There are, howeyer,
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distinct differences betw een the species studied w ith  respect to the 
character of the activ ity  patterns, localization of the m axim a and the 
inteinsity of enzymie activity.

The m axim um  of activ ity  was located at C5 ester for m an and ox, 
at CG for ra t and rabbit, and a t C7 for chicken and pig. The activity  
decreased alm ost sym m etrically at chain lengths below and above those 
corresponding to the m axim um  activity. For the ox, the  <activity pattern  
was flattened  and the  m aximum  was less pronounced than  in o ther 
species.

Fig. 1. A c tiv ity  of c ru d e  m ucosal e x tra c ts  of th e  sm a li in te s tin e  to w ard s  a 
hom ologous series of n - f a t ty  acy l este rs  o f p -n itro p h en o l. T he m ean  an d  lim it 
va lu es a re  g iven, th e  n u m b e r of d e te rm in a tio n s  being  in d ic a te d  in p a ren th e se s . 

T he cond itions of assay  as d escrib ed  in  th e  tex t.

The activity  per m illigram  protein  was the highest in the rabbit and 
rat, lower by two th irds in man, and still lower, of the order of one 
ten th  of th a t of the rabbit, in  th e  chicken, pig and ox.

The hydrolysis of p^nitrophenyl esters was inhibited by Iow con- 
centrations of DFP in all species studied (Table 1). The inhibition was 
alw ays the greatest for the esters grouped around the activity  m axim um  
but definitely lower for esters less susceptible to enzymie hydrolysis. 
Also in this respect there w ere noticeable differences betw een the 
anim als studied. Thus the inhibition of acetate hydrolysis was sm aller 
for the pig and chicken than  for o ther animals, w hereas for dodecanoate 
the inhibition was the least pronounced in the case of ox intestine.

H igher inhibition observed in  the rabbit and ra t m ay be re la ted  to 
the higher actiyity  characteristic for these species and thus sm aller
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T a b l e  1

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

T he sam p le s  o f m u co sa l e x tra c ts  weTe p re in c u b a te d  w ith  0.066 м-p h o sp h a te  b u ffe r, 
pH  7.0, an d  D FP  fo r  20 m in . a t 25°. T he c o n c e n tra tio n  o f  D F P  in  th e  in eu b a tio n  
irn ix ture w a s  6 цМ. A li va lu es a re  th e  m eans of tw o  se ries  o f  ex p e rim e n ts  d iffe rin g  

by 1 - 4% . T he coniditions o f assay  as desc rib ed  in  th e  te x t.

Substrate
Rabbit Rat Man Pig Ox Chicken

Inhibition (%)

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

Protein in mucosal extract 
(p.g./ml.) 21 23 42 350 136 132

am ounts of protein used for ineubation in the inhibition experim ents. In 
the rem aining species, the actiy ity  of the  m ucosal ex trac t was Iow and 
therefore the am ounts of pro tein  used for experim ents w ere seyeral 
tim es higher. The excess of inactiye protein  could react w ith DFP 
causing in  th is way a decrease in  the  effectiye concentration of the  
inhibitor.

DISCUSSION

The obseryed differences in the actiy ity  pa tte rn s and the degree of 
inhibition by DFP, seem to indicate th a t m ore th an  one enzyme is 
involved in  the esterolytic actiy ity  of in testinal mucosa. If one enzyme 
would catalyse the hydrolysis of several substra tes th en  the inhibitor 
should affect the hydrolysis of all these substrates to the same degree.

As the actiyity  tow ards the most actiyely hydrolysed substrates was 
alm ost com pletely inhibited, it seems tha t in all species studied the 
organophosphate-sensitive esterase of B-type is predom inating. If we 
assum e th a t only one esterase of B-type is presemt then  it would appear 
th a t this enzyme exhibits species-dependent d ifferences w ith  respect to 
the actiyity  centre, as shown by yariations in  the actiy ity  pattern . These 
differences, howeyer, m ay be in terp re ted  also as the presence, in 
yarying amounts, of two or th ree  D FP-sensitive esterases differing w ith 
respect to the m ost actiyely hydrolysed substrate.
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I t has also been observed th a t hydrolysis of some substrates, i.e. 
acetate, dodecanoate and decainoate, was inhibited by DFP to a m uch 
sm aller degree. This m ay suggest the presence of smali am ounts of 
organophosphate-resistant esterases, responsible for the  part of total 
hydrolysis of these esters not inhibited by DFP. Probably distinct 
enzym es hydrolyse esters of long and short chain acids. The enzyme 
resem bling serum  A -esterase [1] may be responsible for D FP-resistant 
hydrolysis of acetate observed in  pig and chioken. The presence of 
a lipase-like enzyme m ay account for the resistan t p a rt of decanoate 
and dodecanoate hydrolysis. This enzyme seems to be present in most 
of the species studied, w ith  the  exception of rabbit. The occurrence of 
lipase in in testinal mucosa has been reported  by DiNella et al. [3] but 
the activ ity  of th is enzym e tow ard p-mitrophenyl esters used in  the  
presen t experim ents, has not been tested. I t is know n th a t pancreatic 
lipase does not hydrolyse arom atic esters [5], on the o ther hand gastric 
lipase showed considerable activ ity  tow ard p^nitrophenyl esters [10].

On the basis of the obtained resu lts it seems possible to suggest the 
с о тр іе х  charaeter of esterolytic  activity  in  in testinal mucosa, bu t more 
detailed studies are necessary to  elucidate th is problem.

SUMMARY

E xtracts of sm all-in testine m ucosa of six anim al species were tested 
for the  ability  to hydrolyse p-n itrophenyl esters containing 2 to 12 
carbon atom s in fa tty  acyl chain. The activity  per mg. protein  was the 
h ighest in the rabbit and rat, lower in m an, and the lowest in the pig, 
chicken and ox. The т а х і т и т  of activity  was observed for the C5, Cg or 
C7 ester. I t  is suggested th a t th e  differences observed in the inhibitory 
effect of diisopropylfluorophosphate m ay be in terp reted  as indicating 
the occurrence of several esterases in the in testinal mucosa.
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H Y D R O LIZA  ESTR Ó W  p-N IT R O FE N O L U  Z K W A SA M I TŁU SZCZO W Y M I 
PR ZE Z  H O M O G EN A TY  BŁO N Y  ŚL U Z O W EJ JE L IT A  C IE N K IE G O  

RÓ ŻN Y CH  G ATUN KÓ W  ZW IE R Z Ą T

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

B adano  ak tyw ność  e k s tra k tó w  b łony  śluzow ej je l ita  c ienk iego  sześciu  g a tu n 
ków  zw ie rzą t w  s to su n k u  do e s tró w  p -n itro fe n o lu  z kw asam i tłuszczow ym i zaw ie
ra ją c y m i od 2 do  12 a tom ów  w ęg la  w  łań cu ch u . N ajw yższą ak ty w n o ść  n a  mg. 
b ia łk a  s tw ierdzono  u k ró lik a  i szczura , niższą u człow ieka, n a jn iż szą  u św in i, 
k u rczęc ia  i w ołu. M aksim um  ak ty w n o śc i obserw ow ano  d la  e s tró w  C5, CG i C7. 
N a po d staw ie  ty ch  w yn ik ó w  o raz  zauw ażonych  różn ic  w  d z ia łan iu  h am u jący m  
dw u izo p ro p y lo flu o ro fo sfo ran u  p rzed y sk u to w an o  m ożliw ość w y stęp o w an ia  k ilk u  
e s te ra z  w  błotnie śluzow ej je lita .

R eceived  28 J a n u a ry  1965.
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LOW-MOLECULAR WEIGHT PEPTIDES 
SYNTHESIZED IN RIBOSOMAL PREPARATIONS 

AS POSSIBLE PRECURSORS OF PROTEINS*

D e p a r t m e n t  of P hy s i o l og ic al  C h e m i s t r y ,  M e d i c a l  School ,  W a r s z a w a

A  gemerally accepted theory of protein biosynthesis postulates the 
stepw ise growing of the polypeptide chain beginning from one of its 
ends [4, 2, 1]. Therefore it is logical to suppose tha t at any givem time 
the  ribosomal tem plate contains peptides of d ifferen t length which are 
the  precursors of proteins synthesized in the system.

It is well known th a t bound amino acids, presum ably peptide or 
nucleotide-peptide in character, are present in m icro-organism s [5] and 
in m am m alian tissues [10]. Our earlier observations [9] showed that 
[14C] amino acids are rapidly incorporated into these compounds in a 
cell-free system  derived from guinea pig Ііѵег. In o rder to establish the 
rela tion  of these compounds to the new ly synthesized proteins, in the 
p resen t study the specific aetivities of labelled amino acids were 
com pared in low-m olecular w eight peptides, total trichloroacetic acid 
(TCA) insoluble protein, and in the pool of free amino acids isolated 
from  incubation m ixtures a fte r incorporation experim ents.

A prelim inary acoount of this w ork has been presen ted  at the VIth 
In ternational Congress of Biochem istry (New York, 1964, 1-7).

EXPERIMENTAL

DL-[l-14C]Glutamic acid (5 mc per m-mole) was purchased from 
A m ersham  Radiochemical Centre; L-[14C]alanine uniform ly labelled 
(123 mc per m-mole) was a product of Phylips-D uphar, Holland.

Ribosomes were prepared from  guinea pig livers by the m ethod of 
L ingrel & W ebster [7]. Microsomes were obtained by differential centri-

* T his w o rk  iwas su p p o rted  in p a r t  by a g ra n t fro m  <the C om m ittee  o f  B io
c h em is try  a n d  B iophysics o f the  P o lish  A cadem y  o f Sciences.
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fugation of 10°/o hom ogenates of Ііѵег iin L ingrel & W ebster’s Medium 
A betw een 10 000 and 95 000 g.

Sephadex-treated  su pem atan t w as prepared by passing the 95 000 g 
superna tan t through a 20 X 2 cm. colum n packed w ith Sephadex G-25 
and eąuilibrated  w ith 0.05 ім-tris  buffer, pH 7.8; the protein  fraction 
was collected and used as soon as possible.

H ydrolysis of proteins and peptides was carried  out in  6 N-HC1 at 
105° in sealed glass tubes for 18 hr. A laninę was isolated as its 2,4-di- 
n itrophenyl (DNP) derivative by colum n chrom atography. P artition  
chrom atography on Hyflo Super-C el w ith  the  upper phase of a m ix tu re  
of ethyl acetate and tris-N aC l buffer a t pH 8.4 w as employed as de
scribed by M atheson [8]. For the isolation of D N P-glutam ic acid a m inor 
m odification of th is m ethod was necessary: a colum n half the size of 
M atheson’s “standard  colum n” was used, and a fte r the  alaninę band had 
em erged the e luen t was changed; it consisted of the  “pH 8.4 top phase” 
eąuilibrated  w ith  the “bottom phase” adjusted previously to pH 4.9 
w ith strong acetic acid. The am ount of DNP-am ino acids w as estim ated 
spectrophotom etrically and prepared for counting essentially as described 
by M atheson exoept th a t the  finał dry p repara tion  was dissolved in 
toluene and counted in  a liąuid  scintillation counter instead of plating 
and counting in end-w indow counter.

P aper electrophoresis was ru n  on W hatm an 3MM paper at 40 V/cm. 
in 1.3% form ie acid - 3.9% acetic acid at pH 1.9 [3] for 180 min. and 
in 0.05 ^bammonium acetate, pH 4.7, for 300 min. in an apparatus cooled 
w ith  tap  w ater.

Incubation conditions. The incubation m ix ture  contained: 0.4 m-KCI, 
0.018 ł>bMgCl2, a m ix tu re  of 20 amino acids (in th is 1.0 m-c per ml. of 
either [ l - 14C]Glu or [14C]Ala) 0.1 rmi each, 9 тм -А Т Р , 0.4 шм-GTP, 
0.05 M -phosphoenolpyruvate, phosphoenolpyruvate kinase 0.3 mg. per ml., 
0.01 m-GSH, 0.05 M-tris-HCl buffer, pH 7.8, ribosom es o r microsomes
4.0 mg. of protein  per ml., and Sephadex-treated  superna tan t 3.0 mg. 
of protein  per ml. The incubation was carried out for 15 min. a t 37°.

Isolation and analysis of peptides and proteins. At the  end of the
incubation trichloroacetie acid w as added to the  finał concentration of
5%; the precipitate was washed four tim es w ith  TCA, once w ith  acetone, 
onee w ith  ethanol-chloroform  (1:3, v/v) and w ith  ether; it was called 
protein  fraction.

TCA ex tracts w ere pooled, ex tracted  four tim es w ith  ether, and the 
aąueous phase coneentrated by freeze-drying. I t w as then  subjected to 
paper electrophoresis a t pH 1.9. On radiography th ree  radioactive
fractions appeared beside the free amino acid. They w ere term ed Ej,
En , and EIn . The resu lts of th is fractionation a re  show n in Fig. 1.

Labelled fractions th a t m igrated behind the  free  amino acids w ere
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Fig. 1. E lec tro p h o re tic  p a t te m  a t p H  1.9 
o f lab e lled  f ra c tio n s  iso la ted  fro m  th e  
in c u b a tio n  m ix tu re  of Ііѵег m icro so m al 
sy s tem s w ith  [14C ]g lu tam ic acid . A u to - 

rad io g rap h y .

Fig. 2. E lec tro p h o re tic  b eh av io u r a t  
pH  4.7 of fra c tio n  E j e lu ted  fro m  the  
e lec tro p h o re to g ram  p re sen ted  in  Fig. 1. 
A u to rad io g rap h y . G lu , th e  position  of 
f re e  g lu tam ic  ac id  ru n  in  th e  sam e 

conditions.

ninhydrin-positive, absorbed ultraviolet light and on hydrolysis gave 
several amino acids. F raction Ej could be fu rth e r separated if subjected 
to electrophoresis a t pH 4.7 giving two fractions (Fig. 2) one of which, 
fraction Ev , did not contain any ultraviolet-absorbing m ateriał but 
contained bound amino acids probably in  the form of peptides.

Radioactive spots w ere eluted from  the  paper, subjected to oomplete 
hydrolysis and the  specific actiy ity  of the amino acid incorporated into 
them  determ ined as described under Methods. The spot containing free 
radioactive amino acid w as also eluted and its specific actiyity determ in
ed. The washed TCA-insoluble residue was hydrolysed and the specific 
actiy ity  of the  labelled amino acid determ ined in the hydrolysate. The 
resu lts  of typical experim ents are presented in Tables 1 and 2. It is 
evident from  these data th a t the specific actiy ity  of amino acids incor
porated into fractions of low -m olecular w eignt peptides is of the same 
order as the specific actiy ity  in  the pool of free amino acids and is about 
a thousand tim es greater than  in protein. This indicates th a t compounds 
of this type are  not break-dow n products of finished polypeptides but 
probably the precursors of some bigger molecules.

T a b l e  1
Specific activity of glutamic acid in protein and peptides 

after the incubation of microsomes

Fraction Counts/min./mg. Glu x 10- 5

Protein 0.0035
Free glutamic acid 8.7
£> 5.2
Кц 3.1
e iii 7.2
E iv 3.1
E V 8.1
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In o rder to ascertain  th a t our fractions do ;not represen t amino acids 
attached to AMP or fragm ents of sRNA which are know n to participate 
in pro tein  biosynthesis [6] radioactive amino acids w ere isolated as 
D N P-derivatives and counted before and after hydrolysis of the fractions. 
The acyl bonds of АМ Р-amino acid and sRNA-amino acid are known to 
be very  unstable in alkali [6] and should therefore get broken under 
the conditions used for dinitrophenylation. The results of this experim ent 
(Table 3) show th a t although the fractions oontained a smali am ount of 
amino acids bound by alkali-labile bonds, complete acid hydrolysis libe- 
rated  four to eight tim es more radioactive amino acids suggesting thus 
tha t they are bound by peptide bonds.

T a b l e  2

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

Fraetion Counts/min./mg. Ala x 10 5

Protein, after incubation of ribosomes 0.17
Free alaninę, after incubation of microsomes 602
Free alaninę, after incubation of ribosomes 578
Ej, after incubation of microsomes 204
Ej, after incubation of ribosomes 356

T a b l e  3

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

Fraetion

DNP-Glu
(counts/min./mg. х 10-5)

DNP-Ala
(counts/min./mg. х 10-5 )

before
hydrolysis

after
hydrolysis

before
hydrolysis

after
hydrolysis

Ejy, after incubation of microsomes 2.6 16.2 40.5 116.3

Ey, after incubation of microsomes 32.2 124.0 — —

Ej, after incubation of ribosomes — — 13.2 110.0

It is know n that reticulocyte ribosomes trea ted  w ith purom ycin [2] 
or l\’H2OH [1] release polypeptides which are considered to be later 
in term ediates in haemoglobin synthesis. However, the approxim ate 
determ inations of m olecular w eight perform ed on the ex tracts used in 
the p resen t study by gel-filtration on Sephadex G-25 showed th a t radio- 
active peptides w ere distributed in the  fractions the m olecular w eight 
of w hich w as in the rangę of 4 to 6 thousands. This indicates th a t the
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compounds studied in th is irwestigation are probably m uch earlier in ter- 
m ediates than  those isolated by A llen & Zamecnick from reticulocyte 
ribosomes [2, 1].

SUMMARY

Bound amino acids, probably peptides o r nucleotide-peptides, were 
isolated from  the ineubation m ixtures used for studying the incorpora- 
tion of amino acids in vitro. The specific actiyity of the radioactive 
amino acid inoorporated under these conditions into low-molecu 1 ar 
w eight peptides w as of the same order as th a t of the free amino acid; 
it was about a thousand tim es g reater than  in the fraction of total 
ribosomal or m icrosom al protein which suggests th a t these peptides 
are not break-dow n products of completed proteins but probably the 
precursors of some bigger molecules. These fractions do not represent 
amino acids bound to AMP or sRNA sińce very little  radioactivity  is 
released from  them  on direct dinitrophenylation.
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B R O B N O C ZĄ ST EC Z K O W E  PE PT Y D Y  P O W ST A JĄ C E  W PR E PA R A T A C H  
R Y B O SO M A LN Y CH  JA K O  PR ZY PU SZC Z A L N E  PR E K U R SO R Y  B IA ŁE K

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

Z m ieszan in  in k u b acy jn y ch  używ anych  do b a d a n ia  w łączan ia  am inokw asów  do 
b ia łek  in  v itro  w ydzie lono  zw iązane am inokw asy , p raw d o p o d o b n ie  p ep ty d y  lu b  
n u k leo ty d o -p ep ty d y . A k ty w n o ść  w ła śc iw a  rad io a k ty w n y c h  am inokw asów  w b u d o 
w an y ch  do f r a k c ji d robnocząs teczkow ych  p e p ty d ó w  b y ła  teg o  sam ego  rzęd u  co 
ak tyw ność  w o ln y ch  am in o k w asó w  dodanych  do m ieszan in y  in k u b a c y jn e j; a k ty w 
ność ta  p rzew y ższa ła  w łaśc iw ą  ak ty w n o ść  am in o k w asu  w budow anego  w  b ia łk a  
rybosom ów  lu b  m ik ro so m ó w  około ty s iąc  razy , co w sk azu je , iż b ad an e  p ep ty d y  
n ie  s tan o w ią  p ro d u k tó w  d e g ra d a c ji go tow ych  b ia łek , lecz racze j są  p rek u rso ram i 
po lipep tydów . B ad an e  f r a k c je  n ie  są am in o k w asam i zw iązanym i z  A M P lub  sRN A, 
pon iew aż  b a rd zo  n iew ie le  ra d io a k ty w n o śc i u w a ln ia  się z n ich  p rzy  bezpośredn im  
d w u n itro fen y lo  w an iu .

R ece iy ed  15 F e b ru a ry  1965.
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W harton & W harton [16] have reported  th a t in the irrad iated  adults 
of Periplaneta americana  L. the disturbances in nitrogen m etabolism  
occurred and the  am ount of excreted  uric acid increased. It is generally 
accepted th a t uric acid is the  m ain endproduct of n itrogen  m etabolism  
in insects and its presence in  blood and excreta is well known. The 
inform ations about uric  acid in the eggs of insects are scarce, it was 
found, howeyer, to be p resen t in  the eggs of two species (Oncopeltus  
fasciatus  Dallas and Lucilla sericata M.G.) and in both it was reported  
to  aecum ulate during em bryogenesis [2, 11].

O ur aim was to  investigate w hether the radiation damage of em bryo- 
nal m etabolism  of an  insect w ould resu lt in inerease in uric acid content 
of the egg. Since w e are in terested  in the effects of rad iation  especially 
w hen applied at diapause, we have studied the eggs of a monovoltine 
race of ВотЪух mori.

MATERIALS AND METHODS

Materiał. The diapausing eggs of ВотЪух mori, “w arska” race, w ere 
purchased from an industrial culture. The eggs collected during the last 
days of Septem ber w ere stored for the  first 120 days a t 15° and then  for 
about 100 days at 4°. The postdiapausal deyelopm ent was prom oted by 
raising gm dually  the storage tem pera tu rę  to, and m aintaining it at, 25°.

The samples to be irrad ia ted  w ere taken  ou t from the whole batch 
in December. A single dose of 20 000 r  of y-rays w as deliyered from 
a 60Co source (about 48 c), the dose ra te  being about 200 r/m in., and 
th ereafte r  both the  norm al and the  irrad ia ted  eggs were trea ted  in the 
same m anner. It has been shown previously [12] th a t doses higher than  
10 000 r w hen applied a t diapause iresult in damaging the embryogenesis.

Analytical methods. Uric acid w as identified spectrophotom etrically 
a fte r the  separation on Dowex 1 X 8  colum n as described for nucleotides
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[8] and chrom atographically on W hatm an no. 3 paper a fte r Leone & 
G uerritore [13] using N -2,6-trichlorbenzoquinoneim ine [7] for lccating 
spots. The presence of uric acid riboside was checked as described by 
Hellei & Jeżew ska [10].

Q uantitatively  uric acid was determ m ed by the colorim etric m ethod 
of Caraway [3]. The specificity of the colour test was checked each tim e 
by the deccm position of uric acid w ith  uricase prepared a fte r Leone
[14]. No chromogen detectable by th is m ethod was left a fter the  incuba- 
tion of samples w ith uricase.

The total nitrogen was determ ined by the  K jeldahl method.
Egg extracts. Usually 100 mg. of whole eggs were homogenized at 

room  tem peratu rę  w ith  three 2 ml. portions of 0.5 <n-HC104. A fter 
centrifugation at about 1000 g the  supernatan t was neutralized w ith  
KOH, the resulting  precipitate was spun off and the volum e of the 
supernatan t was completed to 8 ml. w ith  w ater. Uric acid was d e te r
mined in the  samples of extracts.

The efficiency of uric acid extracticm w ith  HC104 has been checked 
by comparison w ith the resu lts obtained in the extracts prepared w ith  
0.2'iM-borate buffer, pH 10, at 100° e r  w ith saturated  L iH C 03 solution 
a t room tem peraturę. Three 4 ml. portions of either solution were used 
to ex tract 100 mg. of eggs. The alkaline extracts w ere neutralized, 
completed to 15 ml. w ith w ater and deproteinized after Sevag et al.
[15]. No differences in uric acid content of the eggs, depending upon the 
m ethod of extraetion were stated.

For the separation on Dowex colum n the portions of HC104 ex tracts 
equivalent to about 1 g. of eggs, neutralized  and centrifuged w ere 
freeze-dried, dissolved in w ater and the  soluble m ateriał was applied 
on the column.

RESULTS

Identification of uric acid. The presence of uric acid in the eggs of 
ВстЪух mori was tested by spectrophotom etry and chrom atography. 
W hen the crude extract, p repared w ith HC104, has been adsorbed on 
Dowex 1 X 8  (HCOO-  form) and the colum n was eluted w ith HCOOH 
gradient (0 - 0.5 n) the first UV-absorbing fraction gave the  absorption 
spectrum  shown in  Fig. 1. The m inim um  at 255 mu and the m axim um  
at 285 mu as well as the ratio  E280/E260 am ounting to 2.7 indicated the 
presence of uric acid.

W hen tested  by paper chrom atography, the  HC104 ex tracts  from  the 
eggs gave a distinct, UV-absorbing spot, stain ing orange on spraying, 
.identical w ith the spot of uric acid assayed sim ultaneously (R F 0.40).

The presence of uric acid riboside was checked in the diapausing 
eggs because this compound has been found in Sph inx  pinastri and in
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Celerio euphorbiae during  the pupal diapause [10]. Howeyer, neither 
in the HC104 ex tracts nor in the ex tracts prepared as described by 
Heller & Jeżew ska [10] the characteristic spot of uric acid riboside 
was found.

Uric acid content of the eggs. The data reported  in this paper re- 
present the resu lts  of experim ents continued during th ree  coinsecutive 
years. The eggs w ere inyestigated during the period of the a rre s t of 
embryogenesis (October - April) as well as during the active postdia- 
pausal deyelopm ent (May). However, also during the period of arrested  
embryogenesis some changes in the eggs do oceur and therefore it 
appeared necessary to subdivide the whole period of deyelopm ental 
arrest. The period including December and January  was named: deep 
diapause after Chino [4] who stated th a t glycogen content of the eggs of 
ВотЪух mori falls at the beginning and raises tow ards the end of

Fig. 1. S p ec tro p h a to m e tric  id e n tif ic a -  
tio n  of u ric  acid  in  th e  eggs of 
В от Ъ ух m ori. T he a b so rp tio n  sp ec 
tru m  of th e  fra c tio n  se p a ra te d  by 
oolum n chrom aitog raphy  on  D ow ex 

1X 8 is g iven .
Wave!englh (my)

diapause and is a t a m inim um  betw een the 60th and the 120th  day of 
storage a t room tem peraturę . The whole period from  October to  M arch 
was nam ed after Нагѵеу [9] obligatory diapause. The obligatory diapause 
included 3 m onths of storage a t 15° and two m onths of storage a t 4° 
sińce according to Chino [5] the ability for postdiapausal em bryogenesis 
in the eggs of ВотЪух mori appears after about 60 days of storage at 
Iow tem peraturę. In A pril the eggs were ready  to, but did not, develop 
because kept below the tem pera tu rę  threshold  for embryogenesis.
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Table 1 shows the resu lts  obtained w ith  the  norm al as w ell as w ith 
the irrad ia ted  eggs. The statistical ainalysis of data proved tha t no 
significant differences existed betw een the norm al and the irrad ia ted  
eggs till the end of incubation a t 25°, resu lting  in hatching of Іагѵае 
from  norm al eggs.

The uric acid oontent of the norm al eggs did no t change as long as 
the obLigatory diapause persisted. The increase in uric acid w as observed 
in April, however on incubation at tem pera tu res above the threshold  
for em bryogenesis the  uric acid oontent decreased again. The observed 
differences w ere found to  be statistically  significant.

T a b l e  1

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

U ric ac id  w as d e te rm in ed  by  th e  c o lo rim e tric  m e th o d  o f C araw ay  [3] in
O.5 N -H C IO 4 e x tra c ts  fro m  th e  eggs, p re p a re d  as deso ribed  in  th e  te x t. Eggs w e re  
ir r a d ia te d  w ith  a s in g le  dose of 20 000 r  a t  th e  beg in n in g  o f deep  d iap au se . M ean  

y a lu e s  ±  S. D. a re  g iven , a n d  iin p a re n th e se s  th e  n u m b er of e x p e rim en ts .

Period
Storage
temp.

Uric acid 
(mg./g. of eggs)

normal eggs irradiated eggs

Obligatory diapause
October - November 15° 3.23 ±  0.406 (8)
December - January (deep diapause) 15° 3.27 ±  0.545 (9) 3.05 ± 0 .187  (5)
February - March 4° 3.69 ±  0.381 (11) 4.20 ±  0.454 (4)

Average value for obligatory diapause 3.42 ±  0.492 (28) 3.52 ±  0.676 (9)

Postdiapausal storage
April 4° 4.64 ±  0.514 (6) 5.08 ±  0.141 (3)

significance of difference from ave-
rage value for obligatory diapause

0IIa. P = 0.1 %
May (embryogenesis in normal eggs) 25° 3.85 ±  0.293 (14) 3.85 ±  0.313 (12)

significance of difference from value
for April P =  0 .1% P  =  0.1%

The assays of uric acid conten t of the  irrad ia ted  eggs w ere extended 
beyond the incubation period needed for norm al embryogenesis. The 
storage a t 25° was prolonged by one week and thereafter the eggs were 
transferred  to, and stored at, 4° for 60 days. The resu lts  (Table 2) 
proved th a t the uric acid content of the  irrad ia ted  eggs increased during 
the prolonged incubation at 25°. This increase continued during the fol
io wing storage at 4° so th a t the uric acid content of these eggs doubled,
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as com pared w ith  the value characteristic for the obligatory diapause. 
To check w hether the  increase observed in irrad iated  eggs was cha
racteristic for the radia,tkm damage, assays w ere perform ed on  the dia- 
pausing eggs w hich had completely lost the ir hatchability  in  comseąuence 
of 10 m onth-long stoorage a t 4°. Uric aoid did not accum ulate in  these 
“age-dead” eggs as long as they w ere stored a t  4°. W hen, however, 
the “age-dead” eggs w ere incubated a t 25° as for norm al embryogenesis 
and then  stored agam  at 4°, the uric acid increased as in the sim ilarly 
treated  irrad ia ted  eggs.

T a b l e  2

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

U ric acid  w as  e s tim a te d  as described  in  T ab le  1. M ean  v a lu es  ±  S. D. a re  g iven, 
a n d  im parem theses th e  n u m b e r of ex p e rim en ts .

Materiał Treatment
Uric acid 

(mg./g. of eggs)

Irradiated eggs incubated for 10 
days at 25° None

One week at 25°
One week at 25° followed by 

60 days at 4°

3.85 ±  0.313 (12) 
4.65 ± 0 .1 6 0  (6)

6.42 ±  0.743 (18)

Non-irradiated eggs stored for 10 
months at 4° (“age-dead”) None

Two weeks at 25° followed by 
60 days at 4°

3.61 ±  0.580 (6) 

6.24 ± 1 .7 1  (4)

T a b l e  3

The total and acid-soluble nitrogen of the eggs of В отЬ ух  m ori

T he K je ld a h l m e th o d  w as used. M ean  va lu es ±  S. D. a re  g iven , an d  in p a ren th e se s
th e  n u m b e r of ex p e rim en ts .

M ateriał

Nitrogen 
(mg./g. of eggs)

Whole eggs 0.5 N-HCIO4 extracts

Diapausing eggs 40.5 ±  3.44 (5) 5.15 ± 0.613 (10)
Normal eggs during embryogenesis 42.6 ± 3.96 (5) 4.94 ±  0.706 (9)
Irradiated eggs during postdiapausal

incubation at 25° 40.0 ±  0.410 (3) 5.05 ±  0.350 (8)
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The total N content of the eggs and of the extracts. In o rd e r to 
ascertain  th a t in our experim ents we are  dealing with a closed system  
as far as n itrogen  is concerned, the to ta l N of the whole eggs and of 
НСЮ4 ex tracts  was examined. The resu lts  (Table 3) indioate tha t the 
acid-soluble N and the total N calculated per gram  of eggs were reason- 
ably constant during the diapause as well as during the postdiapausal 
deyelopm ent. The applied m ethod of ex traction  rem oyed about 12% of 
total nitrogen and the uric acid N accounted for about 20% of the acid- 
-soluble nitrogen.

The weight of the eggs. Since uric acid was estim ated per w eight 
un it of the  eggs, the changes in their w eight would influence the in ter- 
p reta tion  of results. The average w eight of the eggs w as reasonably 
constant during the diapause and norm al storage at 4°. The yalues of 
75.9 ±  0.886 mg. and of 77.3 ± 2.04 mg. w ere found for 100 norm al and 
irrad iated  eggs, resp., the difference betw een the norm al and irrad iated  
eggs being statistically  not significant. D uring the postdiapausal em bryo
genesis the  w eight of the norm al as well as of the irrad ia ted  eggs 
decreased by about 5%.

DISCUSSION

The applied  dose of 20 000 r  of ^-rays damaged the embryogenesis 
in B. mori so th a t the hatching of Іагѵае was com pletely inhibited 
Howeyer, neither at diapause nor during the subseąuent incubation. 
reąu ired  for norm al embryogenesis, was the radiation in ju ry  reflected 
in the uric acid content of the eggs. Могеоѵег, the increase in uric acid 
found in irrad iated  eggs on prolomged incubation at 25° and following 
storage a t 4° was shown not to be a characteristic effect of radiation 
damage sińce sim ilarly trea ted  “age-dead” eggs showed the same 
increase. This increase seems to be the resu lt of degradation processes 
occurring in the dead eggs, irrespectiye of the cause of death. The for
m ation of uric acid was not inhibited in  the  irrad ia ted  eggs as indicated 
by the tem porary  increase obseryed in April. Since Brown [2] found 
the  activ ity  of uricase in the eggs of Lucilla sericata M.G. and Ashbel 
[1] reported  th a t in the  diapausing eggs of B. mori as m uch as 0.46 
g./kg./hr. of gaseous ammonia was released, the  possibility of conco- 
m itan t degradation by th is way of the  eventually  arising uric acid had 
to be considered. Howeyer, the  obseryed stability  of to ta l N content 
of the eggs a t diapause as well as during the postdiapausal incubation 
in-Yalidate th is  supposition. Thus the effect of radiation obseryed in 
adult insects by W harton & W harton [16] was inot revealed  at the egg 
stage.

D uring the obligatory diapause the uric  aoid content rem ained con
stan t and did not parallel the periodicity obseryed in carbohydrate
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metabolism by Chino [4, 5]. The inerease am ounting to 40% of diapausal 
value could be obseryed only w hen the eggs became ready  for fu rther 
deyelopm ent but did inot deyelop beeause of storage tem pera tu rę  below 
the threshold for embryogenesis. This inerease can be in terp re ted  as 
a result of deam ination processes involving purines, known to occur in 
insects [6]. The m echanism  of subseąuent decrease in uric acid rem ains 
unexplained. The accum ulation of uric acid during the embryogenesis 
reported to occur in eggs of Oncopeltus fasciatus Dallas [11] and of 
Lucilla sericata M. G. [2] was not stated in the eggs of ВотЪух mori.

Since the tem porary  inerease in  uric acid obseryed in A pril was 
a resu lt of the artificial a rrest of embryogenesis it can be stated that 
the uric acid content of the eggs of ВотЪух mori rem ains constant 
during the norm al diapause and deyelopm ent. The role of uric acid as 
the endproduct of em bryonal m etabolism  seems ąuestionable.

SUMMARY

Uric acid content of B. mori eggs, am ounting to 3.5 mg./g. of whole 
eggs rem ained constant during the diapause as well as during post- 
diapausal embryogenesis. The irradiation a t  diapause w ith 20 kr of 
y-rays, which inhibited the hatching of Іагѵае, did not influence the uric 
acid content. Uric acid aecum ulated in the dead eggs, regardless of the 
cause of death, only after 10 days of postdiapausal ineubation at 25°.
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K W A S M OCZOW Y W JA JA C H  В О М В У Х  M O R I N O RM A LN Y CH  
I N A ŚW IE T L A N Y C H  P R O M IE N IA M I G AM M A

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

Z aw arto ść  k w asu  m oczow ego w  ja ja c h  В о т Ъ ух  m o ri w ynosi oko ło  3,5 m g/g  
ca łych  ja j i  n ie  u lega  zm ian o m  w  czasie  d iap au zy  a n i p o d iap au za ln eg o  o k resu  
em briogenezy . N aśw ie tlan ie  ja j  w  ok res ie  d iap au zy  20 k r  p ro m ien i gam m a, h a m u 
jące  w y lęg  gąsien ic , n ie  w p ły w a  n a  poziom  k w asu  m oczow ego w  ja ja c h . K w as 
m oczow y n ag ro m ad za  s ię  w  m a rtw y c h  ja ja c h , je ś li w  ok res ie  p o d iap au z a ln y m  
in k u b u je  s ię  je  w  25°. N ag ro m ad zan ie  s ię  k w asu  m oczow ego w  m a rtw y c h  
ja ja c h  n a s tę p u je  n ieza leżn ie  od p rzyczyny  ich  śm ierci.

R eceived  1 M arch  1965.
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RECENZJE KSIĄŻEK

R. A. P e t e r s ,  B IO C H E M IC A L  L E SIO N S AND L E T H A L  SY N TH ESIS. P e rg am o n  
P re ss , O x fo rd -L o n d o n -N ew  Y o rk -P a ris  1963; s tr . Х + 3 2 1 ;  cena 70 s.

A u to r je s t znanym  b iochem ik iem , w ie lo le tn im  uczn iem  i a sy s te n te m  F. G. 
H o p k in sa  w  C am bridge . W  p raco w n i H o p k in sa  P e te rs  zaczął in te reso w ać  się za 
g ad n ien iam i żyw ien ia , a w  szczególności ro lą  tiam in y . W ro k u  1922, w  w iek u  
la t  33, pow o łany  zosta ł n a  k ie ro w n ik a  K a te d ry  B iochem ii w  O ksfo rdzie  i p rzez  
31 la t k ie ro w ał tą  p laców ką.

R ecenzow ana k s iążk a  je s t zb iorem  k ró tk ic h  ese jów  i w y k ład ó w  w y g łaszanych  
p rzez  A u to ra , zeb ran y ch  obecn ie  i u zu p e łn io n y ch  o s ta tn im i o siągn ięc iam i w  o m a 
w ian y ch  dziedzinach .

W e w stęp ie  A u to r d e f in iu je  te rm in  “b iochem ical le s io n ” jak o  p ew n e  n ie k o 
rz y s tn e  b iochem iczne zm iany  w  k o m ó rk ach  tk a n e k , zm ian y  n ied o s trze g a ln e  
w  św ie tle  m ik ro sk o p u . T e rm in  ten  zosta ł w p ro w ad zo n y  p rzez  P e te rs a  w  ro k u  1931, 
w  czasie jego p rac  n a d  b iochem icznym i zab u rzen iam i w  o rgan izm ie  zw ierzęcia  
w y w o łan y m i n ied o b o rem  tia m in y  w  pożyw ien iu . W ty m  czasie w  św iecie  n a u k o 
w y m  k ry s ta lizo w a ł się pog ląd , że p rzyczyn  w ie lu  pato log icznych  zm ian  w  tk a n k a c h  
n a leży  szukać w  zab u rzen iach  b iochem icznych . A na liza  chem iczna  pozw ala  często 
n a  w y k ry w an ie  zak łóceń , np . w  p rocesach  enzym atycznych , zan im  jeszcze uw idocz
n ią  się  zm iany  h is to log iczne . W p o w iązan y ch  re a k c ja c h  b iochem icznych  w y sta rczy  
czasam i uszkodzen ie  jednego  z ogniiw łań cu c h a  p rzem ian , ab y  n ag ro m ad za jące  się 
p ro d u k ty  re a k c ji spow odow ały  u szkodzen ie  tk a n e k , a n a w e t śm ierć  o rg an izm u . 
T ak  n a  p rz y k ła d  tru ją c e  d z ia łan ie  c y ja n k u  po lega  n a  zab lokow an iu  jednego  o gn i
w a  w  łań cu c h u  oddechow ym , co p ro w ad z i do zah am o w an ia  tra n sp o r tu  e lek tronów .

B iochem iczne pode jśc ie  do p a to lo g ii je s t, zd an iem  A u to ra , szczególnie is to tn e  
w  d iagnostyce  le k a rsk ie j. P o zw ala  ono n ie je d n o k ro tn ie  n a  u s ta len ie  p rzyczyny  
cho roby  zan im  p o w sta łe  zm iany  s ta n ą  się n ieo d w raca ln e . O czyw iście p rzyczyną  
cho roby  n ie  kon ieczn ie  m u szą  być zab u rzen ia  w  u k ład ac h  enzym atycznych , n a j 
częściej je d n a k  tu  należy  szu k ać  zakłóceń.

W p ie rw sze j części k s iążk i P e te rs  szeroko  o p isu je  sw o je  daw ne  b a d a n ia  n a d  
zab u rzen iam i b iochem icznym i w y w o łan y m i n ied o b o rem  tiam in y , bądź  je j ko en zy 
m u , p iro fo sfo ran u  tiam in y . S tw ierdzono  w ów czas, że zab u rzen ia  p o leg a ją  n a  
zah am o w an iu  p ro cesu  u tle n ia n ia  k w asu  p irog ronow ego . W m ózgu go łęb ia  z ty p o 
w y m i o b ja w a m i aw itam in o zy  n ie  s tw ie rd zo n o  p o d  m ik ro sk o p em  żad n y ch  zm ian  
h is to log icznych , co w skazyw ało , że p ie rw o tn y m  zabu rzen iem  są zm iany  b io ch e
m iczne. P o d an ie  p tak o m  w  od p o w ied n im  czasie w ita m in y  pow odow ało  zn ik an ie  
o b jaw ó w  chorobow ych .

W  n a s tę p n y c h  ro zdz ia łach  k siążk i P e te rs  o p isu je  dalsze b a d a n ia  n ad  u szkodze
n iam i b iochem icznym i w y w o łan y m i s u b s ta n c ja m i b lo k u jący m i enzym y bądź u k ład y  
enzym atyczne. P rz y k ła d e m  są jego b a d a n ia  n a d  tru ją c y m  d z ia łan iem  zw iązków  
arseno-w ych np. lu izy tu , k tó ry , ja k  s tw ie rd z ił, rów n ież  h a m u je  p rzem ian ę  k w asu  
p irog ronow ego . L u izy t b lo k u je  tio low e g ru p y  k w asu  lipotnowego, a k c e p to ra  ace- 
ty lo w e j re sz ty  p iro g ro n ian u . Tego ro d z a ju  zab lo k o w an ia  m ogą zostać u su n ię te
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d z ia łan iem  zw iązków  boga tych  w  g ru p y  tio łow e, np . 2 ,3 -d w u m erk ap to p ro p an o lu  
(BAL) lu b  inmych podobnych , p o d anych  w  odpow iedn im  czasie.

W d ru g ie j części k siążk i P e te rs  o m aw ia  now y, ró w n ież  p rzez  niego zapropono
w an y  te rm in  “ le th a l sy n th e s is” (śm ie rte ln a  lub  szk o d liw a  syn teza), k tó ry  zyskał 
już  p raw o  o b y w a te ls tw a  w  an g lo sask im  p iśm ienn ic tw ie . P od  ty m  te rm in e m  rozu
m ieć  należy  n ie to k sy czn e  su b s tan c je , k tó ry ch  szkod liw e  d z ia łan ie  uw idocznia  się 
d o p ie ro  w  tra k c ie  ich  dalszego m etab o lizm u  i b lo k o w an ia  lub  w iązan ia  enzym u 
bądź u k ła d u  enzym atycznego . W p rzy k ład z ie  o m aw ian y m  przez  P e te rsa  f ig u ru je  
flu o ro o c tan , su b s ta n c ja  n ie to k sy czn a , k tó re j szkod liw ość  u ja w n ia  się dopiero po 
po łączen iu  się je j z kw asem  cy trynow ym . P o w sta ły  kw as f lu o ro cy try n o w y  b lokuje  
d z ia łan ie  h y d ro -liazy  cy try n ian u , zw anej d aw n ie j ak o n itazą . O dkrycie  tego typu  
z jaw isk a  rzuciło  w ie le  św ia tła  n a  m ech an izm  d z ia łan ia  ró żn y ch  n a tu ra ln y c h  trucizn  
o raz  o tw ie ra ło  now e m ożliw ości b a d a n ia  p o śred n ich  m etab o litó w . T ą drogą s tw ie r
dzono np. zab u rzen ia  syn tezy  sk w a len u  po p o d an iu  k w asu  fluo rom ew alonow ego , 
z a b u rzen ia  syn tezy  R N A  i z ab u rzen ia  w  tw o rzen iu  się w iru s ó w  po p o d an iu  5 -fluo ro - 
u racy lu . T en o s ta tn i zw iązek  h a m u je  rów n ież  tw o rzen ie  ty m id y la n u  i  syntezę 
DNA. Z am ias t kw asu  tym idy low ego  p o w sta je  5 -f lu o ro -2 -d ezo k sy u ry d y n o -5 -m o n o - 
fo s fo ran . P odobn ie  d z ia ła ją  in n e  ana logony , po w b u d o w an iu  k tó ry ch  pow sta ją  
p o śred n ie  zw iązk i m ogące działać jak o  an ty m e tab o lity . Z d an iem  P e te rsa  w budo
w y w an ie  analogonów  n ie  zaw sze p ro w ad z i do p o w staw an ia  szkod liw ych  zw iąz
ków , a w b u d o w y w an ie  ich do łań cu ch a  b ia łkow ego  n ie zaw sze p ro w ad z i do u tra ty  
ak ty w n o śc i enzym atyczne j.

K ońcow e rozdziały , z aw ie ra jące  tre ść  w y k ład ó w  w y g łaszan y ch  przez  P e te rsa  
w  la ta c h  1929— 1930, pośw ięcone są ówczeiSnym pog lądom  n a  ro lę  w ita m in  grupy В 
w  kom órkach . O m aw ia  rów nież  P e te rs  zależności pom iędzy  s t ru k tu rą  b łon k o 
m ó rk o w y ch  a ak ty w n o śc ią  kom órk i. J e d e n  z w y k ład ó w , w yg łoszony  w  ro k u  1962, 
pośw ięcony  je s t ro li b łon  kom órkow ych , a zw łaszcza p ó łp ły n n y c h  b łon  w ew n ą trz 
kom órkow ych , w  k ie ro w an iu  p ro cesam i b iochem icznym i kom órk i, g łów nie p o 
przez  k o n tro lę  u k ład ó w  enzym atycznych . P rzy jęc ie  p o g ląd u  o w y s tęp o w an iu  tego 
ty p u  b łon  p row adzi z ko le i do sugestii, że d z ia łan ie  s u b s ta n c ji i  czynn ików  w y 
w o łu jący c h  now o tw ory  lu b  b iochem iczne u szkodzen ia  po legać  m oże na  uszkodze
n iu  ty c h  błon. To z ko lei m oże p row adzić  do d łu g o trw a ły ch  zm ian  w  toczących 
się w  kom órce  p rocesach  b iochem icznych .

B r o n i s ł a w  F i l i p o w i e :

F. T. G. P  r  u n  t y, C H E M ISTR Y  A ND  T R EA TM EN T O F A D R E N O C O R TI3A L  
D ISE A SE S. C harles  C. T hom as P ub l., S p rin g fie ld  (111.) 1964; s tr. 380.

Z rozum ien ie  w ie lu  s tan ó w  chorobow ych  w y m ag a  zna jom ośc i ich patom echa- 
n izm ów , w  k tó ry ch  zab u rzen ia  w  p rzem ian ach  u s tro jo w y ch  o d g ry w a ją  n iepośledn ią  
ro lę. W ym aga to znajom ości podstaw ow ych  pojęć chem icznych , a w  szczególnych 
zespo łach  pato log icznych  znajom ości b iochem ii. D latego  te ż  w  S tan ach  Z jednoczo
n y ch  p rzy s tąp io n o  do w y d a w a n ia  se r ii p u b lik a c ji zn an e j pod n azw ą  A m encan  
L ec tu re s  in  L iv ing  G hem is try  (co m ożna w  w o ln y m  tłu m aczen iu  o k re ś lić : :yw a 
b iochem ia), k tó re j w y d aw cą  je s t znana  i  zasłużona  f irm a  w ydaw n icza  C harles 
C. T hom as. W zajem ne pow iązan ie  m edycyny  z b iochem ią , ja k  w y jaśn ia  to 
re d a k to r  I. N. K ugelm ass, je s t ta k  duże, że lek a rze  co raz  częściej zw racaja się  
ku  chem ii, a chem icy  ku  m edycyn ie  w  celu z rozu m ien ia  p rocesów  leżących  u pod
staw  życia  i  choroby. C horoby  kory  n adnerczy  są w y m o w n y m  tego p rzy k ła lem , 
w y su w a jąc  w ie le  zagadn ień  do ro zw iązan ia  w sp ó ln ie  k lin icy śc ie  i chem ilow i.
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Z najom ość w ięc p ro b lem ó w  chem icznych  m oże p rzyczyn ić  się do pow odzen ia  
w  zab iegach  te rap eu ty czn y ch . T en p u n k t w id zen ia  ok reś la  u k ład  k siążk i, tj. w  
p ie rw sze j części zaw arto  g łów n ie  zagadn ien ia  zw iązane z b iochem ią  i f iz jo log ią  
ho rm o n ó w  k o ry  n ad n erczy , w  dalszych  om ów iono pa to fiz jo log ię  o raz  m e to d y  w y 
k ry w a n ia  zab u rzeń  czynności n ad n e rczy  i  to  zarów no chem iczne, ja k  i b io logiczne, 
w reszcie  p rzed s taw io n o  k lin ik ę  chorób  nadnerczy .

Całość m a te r ia łu  zaw arto  w  X IV  rozdz ia łach , z k tó ry ch  n ie k tó re  n a leż y  nieco 
szerze j om ów ić. Roizdział I, pośw ięcony  sy n tez ie  s te ry d ó w  nad n erczo w y ch , p o d 
k reś la , że p u n k te m  w y jśc iow ym  syn tezy  h o rm onów  k o ry  n ad n e rczy  są o c ta n  i cho 
le s te ro l. N a jlep ie j p o zn an a  je s t syn teza  k o rtyzo lu , gdzie g łów ny  ciąg  syn tezy  
b iegn ie  z p reg n en o lo n u  p o p rzez  p ro g este ro n , 17 -hyd ro k sy p ro g este ro n , 11-dezoksy- 
k o rty zo l do kortyzo lu , zach o w u jąc  ko lejność h y d ro k sy lac ji w ęg li C17, Qu i Сц. 
Z naczn ie  gorze j je s t  p o zn an a  droga syn tezy  a ld o s te ro n u  i s te ry d ó w  19-w ęglow ych. 
W  zw iązku  z p rocesam i sy n tezy  horm onów  n ad n erczo w y ch  om ów iono p o b u d za jący  
w p ły w  k o rty k o tro p in y  n a  k o rę  n ad n erczy  o raz  ro lę  u k ła d ó w  en zy m a ty czn y ch  
w  p rocesach  syn tezy .

W rozdz ia le  II  szczegółow o om ów iono n a tu rę  chem iczną A CTH , znaczen ie  n ie 
k tó ry ch  czynn ików  h u m o ra ln y ch  i nerw ow ych  w  jego w y zw alan iu , o raz  m e to d y  
oznaczan ia . Szczególnie dużo  u w ag i pośw ięcono  m echan izm ow i sek rec ji a ld o 
s te ro n u .

R ozdział I I I  p rz e d s ta w ia  n iezm ie rn ie  w ażne, a rz ad k o  ta k  d o k ład n ie  o m a
w iane , zag ad n ien ie  d a lszy ch  losów  horm onów  ste ry d o w y ch  w  u stro ju . P rz y ję to  
n a  ogół, że zasadn iczym i m ie jscam i, w  k tó ry ch  ho rm o n y  n adnerczow e p o d leg a ją  
dalszym  p rzem ian o m , są  w ą tro b a  i  n e rk i, chociaż k o rto zy l m oże u legać p rzem ian ie  
w  k o rty zo n  poza ty m i n a rz ą d a m i. B ad an ia  zaś ilo śc iow ej k o n w e rs ji p o d anych  
h o rm o n ó w  nad n erczo w y ch  w  o d p o w ied n ie  m e ta b o lity  da ły  p o d staw y  d o  w yliczeń , 
n a  p o d staw ie  k tó ry ch  m o żn a  dok ład n ie  o k reś lić  ilość ich  ste ry d o w y ch  p rek u rso ró w . 
W szystk ie  m e ta b o lity  n ad n erczo w y ch  s te ry d ó w  są w y d a lan e  do m oczu w  fo rm ie  
zes try fik o w an e j jak o  g lu k u ro n id y  i s iarczany , w  n iezn aczn e j zaś ilości w  po łącze
n iu  z kw asem  fosfo row ym  lu b  am inokw asam i.

W rozdz ia le  IV  om ów iono  sp raw ę  d z ia łan ia  s te ry d ó w  n ad n erczo w y ch  i ich 
w p ły w u  n a  m etabo lizm  w ęg low odanow y, b ia łkow y  o raz  e lek tro lito w y  ze szcze
gó lnym  u w zg lędn ien iem  ro li n e rek  w  jego  m ech an izm ie . N a to m ias t zasady , na 
k tó ry ch  o p a rto  m e to d y  o zn aczan ia  ilościow ego s te ry d ó w  i ich  m etab o litó w  p rz e d 
staw io n o  w  rozdzia le  V, a sp e k ty  zaś ilo śc iow e w y d zie lan ia , tr a n s p o r tu  i w y d a la n ia  
zaw arto  w  n as tęp n y m , VI rozdziale . P ozosta łych  dziew ięć rozdzia łów  pośw ięcono  
zab u rzen io m  m etabo lizm u  s te ry d ó w  pozanadnerczow ych , z ag ad n ien iu  pobudzen ia  
i h am o w an ia  w y d z ie lan ia  h o rm onów  nadnerczow ych , h y p o fu n k c ji n ad n erczy  p o 
chodzen ia  p rzysadkow ego , chorobie  A dd isona, chorob ie  C ush inga , zespołow i a ldo - 
ste ro n izm u , w iry lizm o w i i  w reszc ie  guzom  n adnerczy .

W szystk ie  rozdzia ły  n ap isan e  są z n iezw y k łą  ja sn o śc ią  i p ro s to tą , dz ięk i k tó re j 
bez  zbędnej sy m p lifik ac ji z ag ad n ien ia  m o żn a  je  bez zastrzeżeń  zroizumieć. C ałość 
p rz e d s ta w ia  w spó łczesny  s ta n  w iedzy  z  z ak resu  chem ii, k lin ik i i  te ra p ii chorób  
k o ry  n ad n erczy , co tym  b a rd z ie j godne je s t p o d k reś len ia , że A u to r o p a rł się  n a  
p iśm ien n ic tw ie  do końca 19Ѳ2 г., a  p iśm ien n ic tw o  je s t uw zg lędn ione w  bardzo  
szero k im  zak res ie , bo zam k n ię to  je  pokaźną  liczbą 1090 pozycji.

K siążk a , poza zn ak o m itą  treśc ią , p o d an ą  ja sn o  i bezb łęd n ie , odznacza  się  do
sk o n a łą  fo rm ą  ed y to rsk ą . W ydana na  b a rd zo  dob rym  p ap ie rze , m a  dobrze zróż
n ico w an ą  czcionkę d ru k a rsk ą , dz ięk i czem u ła tw o  w y c h w y tu je  się te zag ad n ien ia , 
k tó re  A u to r  u w aża  za w ażne. P o n ad to  k o re k ta  je s t bezb łęd n a , co je s t w y razem  
tro sk liw o śc i w ydaw cy. K siążk ę  tę  p ra g n ę  ja k  n a jg o ręce j polecić w szy stk im  za in 
te re so w an y m  sp raw am i en d o k ry n o lo g ii nad n erczo w ej.

M arian  G ó rsk i
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E. E. L e v i t t ,  H.  P e r s  к  у a n d  J.  P.  B r a d y ,  H Y PN O T IC  IN D U C TIO N  O F 
A N X IE T Y : A P SY C H O -E N D O C R IN E  IN V E S T IG A T lO N  C h arle s  C. T hom as P ubl., 
S p rin g fie ld  (111.) 1964; s tr .  134; cena  $ 6.50.

W książce  te j ,  k tó ra  p o w sta ła  w  w y n ik u  w sp ó łp racy  trz ech  am ery k ań sk ich  
A u to rów , psycho loga, en d o k ry n o lo g a  i p sy ch ia try , p rzed s taw io n o  w y n ik i b ad ań  
w łasn y ch  n a d  lęk iem . O ry g in a ln a  m e to d a  b a d a ń  p o leg a ła  n a  su g e ro w an iu  b a d a 
n y m  osobom  w  h ipnoz ie  s tan ó w  lękow ych . B ad an ia  p rzep row adzono  n a  78 osobach 
w y b ra n y c h  spośród  u czen n ic  szkoły  p ie lę g n ia rsk ie j i s tu d e n tó w  m edycyny . P rzed  
h ipnozą , podczas trw a n ia  h ip n o zy , w  czasie zasu g ero w an eg o  w  h ipnoz ie  s ta n u  
lękow ego o raz  p o  w y jśc iu  z h ipnozy , w y k o n y w an o  k ilk a  te s tó w  psycholog icznych  
zezw ala jący ch  n a  o k reś len ie  s ta n u  lękow ego, np . te s t  R o h rsch ach a , T hem atic  
A p ercep tio n  T est (TAT), M an ifes t A n x ie ty  S calę  (M AS), sk a la  oceny  k lin iczn e j i in., 
o raz  n a s tęp u jące  b a d a n ia  en d o k ryno log iczne : oznaczenie  h y d ro k o rty zo n u  w  su ro 
w icy  k rw i u w szy stk ich  bad an y ch , oznaczenie  A C T H  w e k rw i o raz  oznaczenie  
w  su ro w icy  czynn ika  u trzy m u jąceg o  w agę n ad n e rczy  (p lasm a a d re n a l w e ig h t-  
-m a in te n a n c e  fac to r) u n iek tó ry c h  bad an y ch .

W e w stęp ie  A u to rzy  d o k ład n ie  u za sa d n ia ją  s to so w an ą  p rz e z  n ich  te ch n ik ę  
doboru  m a te r ia łu , zezw ala jącą  n a  p rzy jęc ie , że m a te r ia ł  ten  n ie  ró żn ił się od ogółu 
p o p u la c ji z bad an eg o  środofwiska. W ro zd z ia łach  n a s tę p n y c h  p rzed s taw io n o  szcze
gółow o różne  w a r ia n ty  m e to d y  -badaw czej, m in .  w a r ia n t po leg a jący  n a  po d an iu  
h y d ro k o rty zo n u  p rzed  h ipnozą. P o  p rzed s taw ien iu  każdego  z w a r ia n tó w  m etodycz
nych , A u to rzy  szczegółow o a n a liz u ją  w y n ik i, s to su ją c  n ie  ty lk o  m eto d y  sta ty sty czn e , 
a le  ta k ż e  o p ie ra jąc  się n a  p ra w ie  w y jśc io w y ch  w a rto śc i W ild e ra  (law  o f iniitiai 
va lues). O sta tn ie  trzy  ro zd z ia ły  pośw ięcone są  om ów ien iu  w y n ik ó w  te s tó w  p sycho 
logicznych, w y n ik ó w  b a d a ń  en d o k ryno log icznych  i p e rsp ek ty w o m  badaw czym  b a 
d a ń  n ad  lęk iem .

N a jw ażn ie jsze  w n io sk i A u to ró w  są  'n astęp u jące :
1. W yn ik i b a d a ń  tes tow ych , zw łaszcza  n ie k tó ry m i te s tam i, ja k  np . te s t R o h r

schacha , TA T, sk a la  oceny k lin iczn e j, w sk a z u ją  n a  is tn ien ie  w y raźn eg o  s ta n u  
lękow ego  podczas su g e ro w an ia  lęk u  w  hipnozie.

2. W ynik i b a d a ń  en dok ryno log icznych  w sk a z u ją  p rzed e  w szy stk im  n a  to, że 
s ta n  lęk u  w  h ipnoz ie  w y w o łu je  w y raźn y  w zro st poziom u h y d ro k o r ty z o n u  w  su ro 
w icy  k rw i. W zrost te n  je s t ty m  w y raźn ie jszy , im  w y jśc io w y  poziom  h y d ro k o r ty 
zonu je s t n iższy  p rzed  h ipnozą. W ysoki w y jśc iow y  poziom  h y d ro k o rty zo n u  w a ru n 
k u je  d łu g o trw a ło ść  s tan ó w  lękow ych .

3. Is tn ie ją  jeszcze in n e  k o re lac je  en d o k ryno log iczne  ze s tan em  lęku , w y m a 
g a ją  one je d n a k  d la  osta tecznego  sfo rm u ło w an ia  u zu p e łn ien ia  o b se rw ac ji na 
w ięk szy m  m a te ria le .

D alsze p e rsp e k ty w y  b a d a ń  n a d  lęk iem  w id zą  A u to rzy  w  rozsze rzen iu  b a d a ń  
endo k ry n o lo g iczn y ch  i  w  p ro w ad zen iu  an a lizy  zm ian  w eg e ta ty w n y ch  b ad an y ch  
osób.

K siążk a , o b e jm u ją c a  134 s tro n y , p o siad a  za łączony  bardzo  b o g a ty  i dobrze 
d o b ran y  sp is  p iśm ien n ic tw a  (li36 pozycji) o raz  załączone op isy  n ie k tó ry c h  sto so 
w an y ch  te s tó w  psychologicznjych.

J e s t  to  p ra c a  będąca  bardzo  cennym  w k ład em  zarów no  psychologicznym , jak  
endo k ry n o lo g iczn y m  w  b a d an ia ch  n a d  zm ianam i s ta n ó w  em o cjo n a ln y ch  u ludzi. 
Z a p ro p o n o w an a  przez  A u to ró w  m e to d a  b a d a ń  d a ła  m ożność b ad an ia  zm ian  s ta n u  
em ocjona lnego  i  w y w o łu jący ch  go zm ian  en d o k ryno log icznych  w  s ta n ie  n ie jak o  
„czy sty m ”, „ la b o ra to ry jn y m ” , w  k tó ry m  s ta n  lęk u  n ie  je s t zw iązany  z in n y m i 
zm ian am i s ta n u  psychicznego.

A n d rze j J u s
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NEW  P E R S PE C T IV E S  IN  B IO LO G Y  (M. Sela, ed.) E lsev ie r P u b lish in g  Co., 
A m ste rd am -L o n d o n -N ew  Y ork  1964; s tr. X V III +  285; cen a  D fl. 40.-, sh. 80, 
DM 44.50.

N iezw y k le  b u jn y  ro zw ó j b io logii m o le k u la rn e j o raz  w sp an ia łe  osiągn ięc ia  te j 
ga łęz i n a u k i p o w odu ją , że k ażd a  no w a p u b lik a c ja  z te j dziedziny  w zb u d za  ogrom 
ne za in te re so w an ie  n ie  ty lk o  w  w ąsk im  gron ie  sp ec ja lis tó w  lecz w śró d  w iększości 
p raco w n ik ó w  n au k  b io log icznych . D la tego  też z uznan iem  należy  ,po w itać  w y d an ie  
re fe ra tó w  w yg łoszonych  na  sym pozjum  zorgan izow anym  z o k az ji in a u g u ra c ji 
U llm an n  In s ti tu te  o f L ife  S ciences w  dn iach  10-17 czerw ca 1963 r. w  R ehovo th  
w  Iz rae lu . P u b lik a c ja  ta  s tan o w i 4 to m  s e r ii  BBA  L ib ra ry .

W sześciu  ro zd z ia łach  k siążk i zg rupow ano  21 re fe ra tó w  w yg łoszonych  w  czasie 
sym pozjum . P ie rw szy  ro zd z ia ł: N ow e p e rsp ek ty w y  w  b ad an ia ch  n ad  b ia łkam i, 
je s t p o d sum ow an iem  na jn o w szy ch  osiągn ięć z dziedziny  s t ru k tu ry  cząsteczk i b ia ł
k ow ej o raz  fu n k c ji b ia łe k  n a  poziom ie m o lek u la rn y m . R ozdział te n  zaw iera  
6 re fe ra tó w : J . T. E d sa lla  o o s ta tn ich  o siąg n ięc iach  w  b a d an ia ch  n ad  trzecio - 
i czw arto rzędow ą b u d o w ą  b ia łek ; J. C. K en d rew  o b u dow ie  m io g lo b in y  o raz  h em o 
g lobiny , ^om awiający ró w n ież  p ro b lem y  zasto sow an ia  te j sam ej te c h n ik i do b a d a 
n ia  budow y in n y ch  b ia łe k ; H. N e u ra th a  o zależności fu n k c ji enzym ów  p ro te o li
tycznych  od budow y, pośw ięcony  g łów nie  zm ianom  k o n fo rm ac ji ty ch  b ia łek  p rzy  
a k ty w a c ji; Ch. B. A n fin se n a  o m ożliw ości p rzew id y w an ia  trzec io rzędow ej budow y 
b ia łk a  z jego b u dow y  p ie rw szo rzędow ej, ro zw aża jący  trzec io rzęd o w ą budow ę 
ry b o n u k leazy , o raz  E. K a tc h a lsk i’ego o m aw ia jący  n iezw yk le  in te re su ją c e  w y n ik i 
b a d a ń  n ad  sy n tezą  p o liam in o k w asó w  i zasto sow an iem  ich  ja k o  m odelow ych  zw iąz
ków  w  b ad an ia ch  n a d  m ech an izm em  d z ia łan ia  enzym ów  p ro teo lity czn y ch , jako  
in h ib ito ró w  enzym ów , czynn ików  an ty w iru so w y ch  i a n ty  b a k te ry jn y c h , a także  
jak o  m odelow ych  zw iązków  w  im m unochem ii. O sta tn i r e f e ra t  te j sekc ji, w yg ło 
szony przez T. L ipm am na, o m aw ia  m ech an izm y  b iosyn tezy  b ia łek , g łów nie  e tap  
p o lim ery zac ji am inokw asów , zachodzącej w  rybosom ach .

D ru g i rozdział k s iążk i pośw ięcony  je s t budow ie  i fu n k c ji k w asó w  n u k le in o 
w ych. Z nalaz ły  się w  n im  re f e ra ty  E. C h a rg a ffa  o n ie k tó ry c h  a sp e k ta c h  sek w en c ji 
n u k le o ty d ó w  w  DNA i  D. E lsona o b ad an iach  n a d  en zy m am i zw iązan y m i z ry b o 
som am i, om ów ione je s t m .in . zag ad n ien ie  obecności R N A -azy  w  cząsteczkach  30 S. 
A u to r om aw ia  obszern ie  p rzy p u szcza ln ą  ro lę poszczególnych  k o m p o n en t ry b o 
som ów  w  sy n tez ie  b ia łek  o raz  znaczenie, ja k ie  posiada  obecność R N A -azy  w  tych  
cząstkach . D alsze szczegóły o m ech an izm ie  syn tezy  b ia łek  p odane  są w  n a s tęp n y m  
a r ty k u le  z a ty tu ło w an y m  „O fu n k c ji ry bosom ów ”, w  k tó ry m  A. G ire r o m aw ia  k o 
le jność  łącz en ia  się  am in o k w asó w  o raz  ro lę  po lisom ów  w  te j sy n tez ie  n a  p rz y k ła 
dzie re tik u lo c y tó w  k ró lik a , n a jle p ie j poznanego  u k ła d u  syn tezy  b ia łek . O sta tn im  
a r ty k u łe m  te j sek c ji je s t r e f e ra t  S. O choa o  kodzie genetycznym , w  k tó ry m  om ó
w iono  m e to d ę  b a d a n ia  ko d u  gene tycznego  p rzy  użyciu  sy n te ty czn y ch  h om o- lub  
kopo lim eró w  n u k leo ty d ó w .

T rzeci rozdz ia ł z aw ie ra  4 re f e ra ty  pośw ięcone fu n k c ji i o rg an izac ji o k ład ó w  
en zy m a ty czn y ch  i s t r u k tu r  p o dkom órkow ych . F. L y n en  o p isu je  w  n im  k o o rd y n a 
c ję  c iągów  m etab o liczn y ch  p rz e z  ko m p lek sy  w ie loenzym ow e. H. T h eo re ll p rzed 
s ta w ia  b ad an ia  n a d  p o w staw an iem  k o m p lek só w  deh y d ro g en azy  a lkoho low ej z su b -  
s tra te m , k oenzym em  o ra z  in h ib ito rem . H. W ie te r o m aw ia  tzw . ak ty w n y  tra n sp o r t 
jo n ó w  p rzez  b ło n y  k om órkow e o raz  ro lę  A T P  w  ty m  p rocesie , zaś D. N achm anson  
w y w o ły w an e  p rz e z  ace ty lo ch o lin ę  zm iany  p rzepuszczalności b łon  d la  jo n ó w  i z n a 
czen ie  teg o  z jaw isk a  w  p roces ie  p rzew o d n ic tw a  im pu lsów . R ozdział IV zaw iera  
ty lk o  jed en  a r ty k u ł E. C h a in a  o now ych  p en icy lin ach . R ozdział V pośw ięcony  je s t 
im m u n o ch em ii i  zaw ie ra  a r ty k u ły  o k o n s ty tu c y jn e j i im m uno log iczne j sw oistośc i 
o raz  o sy n te ty czn y ch  p o lip ep ty d o w y ch  an ty g en ach .
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O sta tn i rozdzia ł: K om órkow e, p o d k o m ó rk o w e  i m o le k u la rn e  a sp ek ty  ró ż n i
cow ania, zaw ie ra  a r ty k u ły  o m aw ia jące  g en e ty czn e  o k re ś len ie  m orfogenezy  b a k te 
rio fag a , m echan izm y  re g u lacy jn e  ró żn ico w an ia  k om órek  o raz  gene tyczne  a sp e k ty  
p o w staw an ia  now otw orów . Są to p ro b lem y , k tó re  w chodzą d o p ie ro  w  fazę b a d a ń  
na  poziom ie m o lek u la rn y m  i n a  ich  p rz y k ła d z ie  ty m  ja śn ie j w idoczne są o g rom ne  
p e rsp e k ty w y  o tw ie ra ją c e  się p rzed  b io log ią  m o le k u la rn ą  w  ty ch  dziedzinach .

N iek tó re  re fe ra ty  p rzed s taw io n o  w  sposób  bardzo  zw ięzły  i skon d en so w an y , 
jed n ak ż e  n ie  tra c ą  one p rzez  to  jasności. Ż ałow ać n a leży  jed y n ie , że r e fe ra ty  
J . M onod o a llo ste ry czn y ch  m ech an izm ach  re g u la c ji p rz e m ia n  o raz  P. D oty  
o p o w staw an iu  h y b ry d ó w  kw asów  n u k le in o w y ch , w ygłoszone w  czasie  sym pozjum , 
n ie  zas ta ły  um ieszczone w  ty m  w y d aw n ic tw ie . B rak  ich  n a ty c h m ia s t w yczuw a 
się p rzy  czy tan iu .

W su m ie  je d n a k  k s ią ż k a  s tan o w i św ie tn y  p rzeg ląd  n a jb a rd z ie j a k tu a ln y c h  
zag ad n ień  b iochem ii m o le k u la rn e j. Z aw ie ra  o n a  ró w n ież  p rzesz ło  700 pozycji p iś 
m ien n ic tw a  o b e jm u jąceg o  o s ta tn ie  la ta  aż do ro k u  1963 w łączn ie . M ożna śm iało  
pow iedzieć, że p o w in n a  ona znaleźć się w  k ażd e j b ib lio tece  b iochem icznej.

M ichał B a g d a sa ń a n

I. N. K u g e l m a s s .  B IO C H E M IC A L  D ISE A SE S (C hem ical P ed ia tric s) C harles  
C. T hom as P ub l., S p rin g ie ld  (111.) 1964; s tr .  1229, cena  $ 35.50.

We w stęp ie  A u to r  p o d k re ś la  coraz śc iśle jsze  p o w iązan ie  b iochem ii z m edycyną . 
B iochem ik  zw raca  się  do m edycyny , a le k a rz  do b io ch em ii w  celu  u zyskan ia  le p 
szego z ro zu m ien ia  podstaw o w y ch  procesów  zd ro w ia  i choroby . B iochem ia p rz e 
k sz ta łc a  em p iry czn ą  p ra k ty k ę  w  k lin iczn ą  w iedzę  p rzez  w p ro w ad zen ie  fa k tó w  
d la  w y ja śn ie n ia  w ie loznacznych  ob jaw ów , p o m iaró w  zam ias t szacunkow ych  ocen 
i dow odów  w  m ie jsce  w rażeń . P rzez  to  u z y sk u je  się  ra c jo n a ln e  p o d staw y  leczenia.

A u to r  w y su w a  pogląd , że ch o ro b a  je s t  ro zk o ja rzen iem  b iochem icznych  p ro 
cesów  fiz jo log icznych . D oskonale  o d p o w iad a ją  te m u  u jęc iu  cho ro b y  dziedziczne, 
zw łaszcza w sze lk ie  b lo k i m etabo liczne . C iekaw e je s t zd an ie : ,,w iem y  w ięcej o ch o 
robach , n iż  je  rozum iem y, a z rozum ien ie  w p ro w ad za , p rz y n a jm n ie j w  sw oim  z a 
k res ie , b io c h e m ia ”.

Z d u m ien ie  w zbudza u jęc ie  p raw ie  całości m ed y cy n y  p ed ia try czn e j z p u n k tu  
w id zen ia  b iochem icznego  p rzez  jednego  A u to ra  w  p o s ta c i jednego  ogrom nego  tom u. 
Od w ie lu  la t p a n u je  s łu szn a  te n d e n c ja  do zespołow ego o p raco w y w an ia  ró żn o ro d 
n y ch  dz iedz in . K siążka  ta  s ta n o w i w y ło m  w  te j zasadzie . To z góry  n a rzu ca  p ew n e  
k o n sek w en cje , zarów no  d o d a tn ie  ja k  i u jem n e : jed n o lito ść  u ję c ia , ale też  n ie je d 
n o lity  poziom , gdyż je s t rzeczą n iem ożliw ą  znać w szy stk o  jed n ak o w o  g łęboko 
i szczegółow o. In te g ra c ja  w  ty m  k ie ru n k u  po lega  n a  p raw id ło w e j se lek c ji m a 
te r ia łu  in fo rm acy jn eg o , z a trzy m y w an iu  in fo rm ac ji w iodących , w iążących  fe n o 
m eno log ię  k lin iczną  z zasad am i b iochem icznym i. A u to r  p o tra f ił  o siągnąć  te n  cel 
i zachow ał w łaśc iw e  p ro p o rc je  m iędzy  k lin ik ą  a b iochem ią .

In te re su ją c y  je s t ogólny podz ia ł m a te r ia łu . Część I o b e jm u je  u k ład y  in te g ra 
cy jne, zab u rzen ia  psychiczne, n eu ro log iczne , h o rm o n a ln e . Część II  om aw ia u k ład y  
k o n s ty tu c jo n a ln e , choroby  alerg iczne , ko lagenow e, b a rw ik o w e , żyw ien iow e, e lek 
tro lito w e , n iep raw id ło w o śc i hem oglob iny , k rw in e k  czerw onych , b ia łaczk i, skazy 
k rw o to czn e j. Część II I  o b e jm u je  zab u rzen ia  efek  to ró w  na rząd o w y ch : w ą tro b y ,
p rzew odu  p okarm ow ego , p łuc, se rca , n e rek , m ięśn i, choroby  ch iru rg iczne  i choroby 
w y n ik łe  z d z ia łan ia  zew n ę trzn y ch  czynn ików  o toczenia.

K s iążk ę  rozpoczyna k a le n d a rz  odk ry ć  b iochem icznych  X X  w ieku  począw szy
od s fo rm u ło w a n ia  po lip ep ty d o w ej n a tu ry  b ia łek  p rz e z  H o fm eis te ra  i  F isch e ra
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w  1902 r M skończyw szy  n a  u s ta le n iu  p rzez  C rick a  w  1964 r. sk ład u  i sek w en c j1' 
am inokw asów  w  k ry s ta lic zn y ch  b ia łk ach  p rzy  pom ocy ana lizy  ren tg en o w sk ie j 
W łaściw y te k s t p o p rzed za  sp is  sk ró tó w  biochem icznych , m etry czn y ch , k lin icznych , 
o b e jm u jący  około 150 pozycji.

P odz ia ł m a te r ia łu  d o k o n an y  je s t z k lin icznego  p u n k tu  w adzenia, u jęc ie  tego 
m a te ria łu  n a to m ia s t je s t b iochem iczne, znakom icie  zresz tą  dostosow ane do po trzeb  
k lin ik i. W artość k s iążk i podnoszą  dość liczne zestaw ien ia  tab e la ry czn e  zarów no 
z dziedziny  biochem ii i fiz jo log ii, ja k  i  sam ej k lin ik i: sy m p to m ato lo g ia , d iag n o sty k a  
różn icow a, ob jaw y b iochem iczne, p ró b y  czynnościow e. N ie m a n a to m ias t w  te j 
książce żadnych  p rzep isów  m etodycznych , nie m a an i jednego  w zoru  chem icz
nego. K ażdy rozdz ia ł zakończony  je s t bardzo  obszernym  p iśm ien n ic tw em  do 
1961 r. w łącznie .

S ty l książk i je s t n ie led w ie  te leg raficzn y , zdan ia  k ró tk ie , o rzek a jące , zaw ężone 
do stw ierdzeń . H ipo tezy  om ów ione zw ięźle, g łów ny n ac isk  położony na  to, co się 
w ie w  oparc iu  o dow odow e dane . M im o to  k s iążk a  je s t og rom nym  dziełem , zdu 
m iew ającym , jak o  tw ó r jed n eg o  au to ra , rozleg łośc ią  in fo rm ac ji, dok u m en tac ją , 
og rom em  p iśm ienn ic tw a .

K siążk a  I. N. K u g e lm assa  będzie  n iew ą tp liw ie  cennym  n ab y tk iem  w  b ib lio 
tek ach  szp ita ln y ch  i k lin iczn y ch , w  b ib lio tek ach  dom ow ych lek a rzy  k lin icys tów  
biochem icznie  zo rien to w an y ch  o raz  na  p ó łk ach  k ie ro w n ik ó w  i p raco w n ik ó w  lab o 
ra to rió w  i p racow n ików  teo re ty czn y ch  dziedzin  pa rak lin iczn y ch .

L e sze k  T o m a szew sk i

J. S. B r i m a c o m b e  a n d  J.  M.  W e b b e r :  M U C O PO LY SA C C IIA R ID ES. C he
m ica l S tru c tu re , D is tr ib u tio n  an d  Iso la tion . E lsev ie r P u b lish in g  Co., A m ste rd am  
1964; s tr . IX  +  181; cena  D fl. 27.50, sh. 55, DM 31.

R ecenzow ana  k s iążk a  je s t  szóstym  tom em  BBA L ib ra ry . P o p rzed n i V tom  
om aw iał g lłk o p ro te id y , a w ięc zw iązk i bardzo  b lisko  zw iązane z m u k o p o lisa - 
ch a ry d am i. N ie m ożna ściśle p rzep ro w ad z ić  g ran icy  pom iędzy  ty m i g ru p a m i zw iąz
ków . N azw ą m u k o p o lisach a ry d y , w p ro w ad zo n ą  p rzez M eyera  na  o k reś len ie  p o li
sach a ry d ó w  zaw ie ra jący ch  heksozam inę , z b ieg iem  la t zaczęto  nazyw ać i inne 
zw iązki p o lisach a ry d o w e  n ie  z a w ie ra jące  heksozam iny . D latego  też A u to rzy  po 
rozdziale  w p ro w ad za jący m  d o k ład n ie  p recy zu ją , ja k ie  zw iązki będą  om aw iane  
w  dalszych  rozdziałach .

K siążk a  g łów n ie  o m aw ia  s t ru k tu rę  chem iczną, w y stępow an ie , m etody  izolacji 
o ra z  sposoby oznaczan ia  m ukop o lisao h ary d ó w . M ożna je d n a k  tam  znaleźć w iad o 
m ości dotyczące ich b io sy n tezy  o raz  ro li fiz jo log icznej. W oddzie lnych  rozdz ia łach  
zebrano  w iadom ośc i do tyczące ch ity n y , k w asu  hyalu ronow ego , kw asów  ch o n d ro ity - 
n osia rkow ych , h ep a ry n y  o raz  su b s ta n c ji g rupow ych  k rw i. W osobnym  rozdz ia le  
om ów iono rzadz ie j w y s tę p u ją c e  m u k o p o lisach a ry d y , ta k ie  ja k  k e ra to s ia rczan , 
s ia rczan  h e p a ry n y , k w as  m u k o ity n o s ia rk o w y , kw as te jch u ro w y  oraz różnego ro 
dzaju  m u k o p o lisach a ry d y  w y s tę p u ją c e  u bezkręgow ców . Jed en  z rozdzia łów  o b e j
m u je  su b s ta n c je  g ru p o w e  k rw i, k tó re  zosta ły  om ów ione szerzej ty lko  pod w zg lę
dem  s t ru k tu ry  chem icznej, p o n iew aż  in n e  a sp ek ty  tego zag ad n ien ia  p rzed s taw ił 
G o ttsch a lk  w  p o p rzed n im  tom ie  B BA  L ib ra ry .

K ażdy  z rozdz ia łów  zao p a trzo n y  je s t w  sp is l i te r a tu ry  o b e jm u jący  p rzec ię tn ie  
sto k ilk ad z ie s ią t, a n iek ied y  i w ięcej, pozycji. P rzed y sk u to w an ie  ty lu  pozycji l i te 
ra tu ry  czyn i k siążk ę  b ard zo  w a rto śc io w ą  d la spec ja lis ty , pon iew aż pozw ala  m u 
ła tw o  zapoznać s ię  ze w szy stk im i w ażn ie jszy m i o d k ry c iam i w  te j dziedzinie. Z d r u-
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R30 BO O K S REYIEW ED

g ie j je d n a k  s tro n y  d la czy te ln ik a , k tó ry  chce się ty lk o  ogó ln ie  zo rien to w ać  w  za 
g ad n ien iu , m oże to  stan o w ić  p ew n e  u tru d n ie n ie .

O m aw ian a  k s iążk a  je s t doskona łym  źród łem  w iadom ości do tyczących  budo 
w y  chem icznej, w y stęp o w an ia , sposobów  izo lac ji o ra z  m eto d  o znaczan ia  różnych 
m u k o p o lisach a ry d ó w  w  m a te r ia le  b io logicznym .

W i k t o r  R z c c z y c k i

ś .  A b r a h a m s s o n ,  S. S t a l l b e r  g -  S t e n  h  a g e n  a nd  E.  S t e n h a g e n .  
P R O G R E SS  IN  TH E C H E M ISTR Y  OF FA T S  A ND  O TH E R  L IP ID S . Vol. VII, 
P a r t . I, T he H ig h er S a tu ra te d  B ran ch ed  C hain  F a tty  A cids. P e rg am o n  P ress , O x- 
fo rd -L o n d o n -N ew  Y o rk -P a ris  1963; s tr . 164, cena 40 s.

K w asy  tłuszczow e o łań cu c h u  rozgałęz ionym  s tan o w ią  n iew ie lk i jed y n ie  p ro 
c e n t w  m ieszan in ie  k w asó w  o trzy m an y ch  d rogą  hy d ro lizy  tłuszczów  n a tu ra ln y c h . 
N a  szerszą ska lę , w  czasie d rug ie j w o jn y  św ia tow ej w  N iem czech p ro d u k o w an o  
tłu szcze  sy n te ty czn e  z dużą zaw arto śc ią  kw asów  rozgałęz ionych . Z naczen ie  k w a 
sów  rozgałęz ionych  i ich w p ływ  na  u s tro je  zw ierzęce  je s t m a-o poznany . Do czasu 
w p ro w ad zen ia  ch ro m a to g ra fii gazow ej, w  s ta n ie  czystym  izolow ano za ledw ie  k ilk a  
k w asó w  tłuszczow ych  rozgałęzionych , g łów nie  z b ak te r ii . O becnie l is ta  kw asów  
z ró żn y ch  źródeł o b e jm u je  d z ies ią tk i pozycji.

K siążka  za jm u je  się g łów nie  chem ią  i f izy k o -ch em ią  w yższych nasyconych  
rozgałęz ionych  kw asów  tłuszczow ych . O bszern ie  o m aw ia  m etody  syn tezy  oraz  b a 
d an ia  n a d  s t ru k tu rą  kw asów . A u to rzy  pośw ięcili dużo u w ag i z ag ad n ien iu  za leż
ności pom iędzy  s t ru k tu rą  a w łasn o śc iam i fizycznym i o m aw ianych  kw asów . D ział 
ten  p o p a rty  je s t w n ik liw ą  ana lizą  d anych  dośw iadczalnych , ich in te rp re ta c ją  o raz  
ro zw ażan iam i teo re tycznym i. Ś ledzen ie  w yw odów  u ła tw ia ją  liczne ry su n k i i sch e 
m aty . B ardzo  pożyteczne są tab e le  zestaw ia jące  n a jw ażn ie jsze  dane fizyczne po 
szczególnych  kw asów  rozgałęz ionych  i ich pochodnych . T ab lice  te z a jm u ją  ponad  
30 s tron . D la n iek tó ry ch  kw asów  p o dano  tak że  w y k re sy  w id m a w podczerw ien i. 
W su m ie  je s t to cenne źród ło  w ie lu  d anych  fizy k o -ch em iczn y ch  o rozgałęz ionych  
k w asach  tłuszczow ych. B ardzo  sk ro m n ie  n a to m ia s t p o trak to w an o  rozdz ia ły  d o ty 
czące w łasnośc i b io logicznych kw asów  rozgałęz ionych  i ich w y stęp o w an ia . Z eb ra 
ne  w iadom ości d a ją  jed y n ie  k ró tk i i n iep e łn y  ob raz  zary so w u jący ch  się tu  p ro 
b lem ów .

K siążka  za in te resow ać  może chem ików , fizy k o -ch em ik ó w  i b iochem ików  z a j
m u jący ch  się w yższym i k w asam i tłu szczow ym i, ich  rozdzia łem , izo lac ją  i id e n ty 
f ik ac ją . P iśm ien n ic tw o  o b e jm u je  pozycje do ro k u  1960. K siążka  u zupe łn iona  je s t 
w y k azem  b lisko  400 p rac  cy tow anych  w  tekście  o raz  a lfab e ty czn y m  skorow idzem  
rzeczow ym .

R ysza rd  N icm iro
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A C T A  B I O C H I M I C A  P O L O N I C A  

V ol. X I I  1965 N o. 3

Ю . Я Н И Ц К И , Ф. П Е Н Д ЗИ В И Л Ь К , Я. С КУ П И Н , E. К О В А Л Ь Ч И К , 
К р и сти н а  Н О В А К О В С К А  и К ри сти н а  Т РО Я Н О В С К А

С В Е Т О Ч У В С Т В И Т Е Л Ь Н Ы Е  П РО И ЗВ О Д Н Ы Е  К О Р И Н О И Д Н О -Б Е Л К О В Ы Х  
К О М П Л ЕК С О В  И З  К Л Е Т О К  FR O PIO N IB A C T E R IU M  S H ER M A N II

Р е з ю м е

И з к л ето к  Р . sh e rm a n ii- l  вы делен  светочувстви тельн ы й  корин ои дн о-бел- 
к о вы й  ком п лекс (BI2-M -S). Ц вет и к р и в а я  поглощ ения света B 12-M -S у к а зы в а е т  
на нал'ичие в нем коэн зи м а В 12. Эти свойства отличаю тся  в ком п лексе  в ы 
деленном  при свете (В12-М). Э лектроф орез, х р о м ато гр аф и я  н а  бум аге и р а з 
делен и е н а  к о л о н к е  C M -S ephadex  G-25 п оказали , что к ом п лекс B 12-M -S не 
однороден; н е  обн аруж ено, однако, его р азл о ж ен и я  до витам и н а В і2. Б ы л и  
и д ен ти ф и ц и рован ы  две ф р акц и и , из которы х  одна со д ер ж ал а  зн ач и тел ьн ы е  
к ол и ч ества  глю там иновой  кислоты , а д р у гая  — глицина. Ф отолиз B]2-M -S  в ы 
зы в а л  образован и е В12-М , а в присутствии  цианидов — ц и ан окобалам и на.

А м инокислотны й состав B12-M -S отл 'ичается от состава п реп арата  В12-М. 
С оотнош ение белок: кориноид в п р еп ар ате  В12-М  составляло  1 :1 ,  а в п р еп а
р ате  B I2-M -S 1 :4  до 1 : 8  в зависим ости  от системы  очищ ения. А кти вн ость  
п реп аратов  B 12-M -S в к ач еств е  ф акто р о в  роста д л я  Е. coli бы л а  обратно п ро 
порци он альн а содерж ан ию  белка в этих  п реп аратах .

Е. П А В Е Л К Е В И Ч  и  Б . ЗА Г А Л Я К

Ф Е РМ Е Н ТА Т И В Н О Е  П Р Е В РА Щ Е Н И Е  ГЛ И Ц ЕРО Л А  
В уб'-ГИДРОКСИПРОПИОНОВЫ Й А Л ЬД ЕГИ Д  В Б Е ЗК Л Е Т О Ч Н О Й  С И С ТЕМ Е 

И З  A ER O BA C TER  A ER O G EN ES

Р е з ю м е

И з к л ето к  A. aerogenes к у л ьти в и р у ем ы х  н а  среде с глицеролРм в ы д ел ен а  
и описана ф ер м ен тати в н ая  система к а т а л и зи р у щ а я  зави сящ ю  от коэн зи м а 
В]2 реакци ю  п р евр ащ ен и я  гли ц ерода в //-гидроксип ропи он овы й  альдеги д . О п 
тимум pH  д л я  этой р еак ц и и  со ставляет  8.0, оптимум тем п ературы  37°. Д ля  
р еак ц и и  необходимо н ал и ч и е  ионов к ал и я , которы е м ож но зам ен и ть ионам и  
ІЛ,+ R b+  и л и  Н + , но н ел ь зя  зам ен и ть  ионами н атри я . Р еак ц и я  торм ози тся

I
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р еак ти в ам и  реагирую щ и м и  с су л ьф ги д р и л ьн ы м и  группам и , а т а к ж е  к о н к у 
рен тно  торм озится н екоторы м и  си нтетическим и  ан ал огам и  коэн зи м а В і2. К и н е
ти ч еск и е  и сследован и я  п оказали , что  п р евр ащ ен и е  гли ц ерола я в л я е т с я  р е 
а к ц и ей  второго п оряд ка . В ел и ч и н а  К т  д л я  л ги ц ерол а  составляет  3.6 X 10 'БМ 2. 
М ол екул а ап оф ерм ен та соеди н яется  с дв у м я  м ол екул ам и  к о ф ер м ен та  В 12, а К т  
д л я  этой реак ц и и  составляет  1.3 X 10—1эМ 2.

А вторы  в ы д ви н ул и  гипотезу, что ф ерм ен т содерж и т д в а  ак ти в н ы х  ц ен тра 
и что  р еак ц и я  п р евр ащ ен и я  гли ц ерола п р о текает  в д в у х  этап ах , к а т а л и зи 
ру ем ы х  двум я разл и ч н ы м и  ф ерм ен там и .

Б . ЗА Г А Л Я К  и Е. П А В Е Л К Е В И Ч

С И Н Т Е З И С ВО Й СТВ А  С о-А Д Е Н И Н -Н У К Л Е О ЗИ Д Н Ы Х  А НА ЛО ГО В
К О Ф Е РМ Е Н Т А  В12

Р е з ю м е

В работе описан уп рощ енн ы й  метод хи м и ческого  си нтеза к о ф ер м ен та  В і2 
и его аналогов. М етод состоит в непосредственном  този ли рован и и  н уклеози дов  
аден и н а  и ли  п роизводн ы х аден и на и соединении п родуктов  реак ц и и  с восста
н овлен ны м  ц иан коба л амином. К о ф ер м ен т  В і2 бы л  п олуч ен  с вы ходом  50°/о. 
А налоги  содерж ащ и е р ад и к ал ы  2 '-  и З '-д езокси ад ен ози н а  п олучен ы  с вы ходом  
30°/о, а  содерж ащ и е р ад и к ал  и зоаден ози на с вы ходом  15%. В се эти  ан алоги  
ок азал и сь  ак ти вн ы м и  в к ач еств е  к оф ерм ен тов  в систем е вы делен н ой  и з А его- 
b a k te r  aerogenes п ревращ аю щ ей  п ропан-1,2-диол в п ропионовы й ал ьдеги д  
и гли ц ерол  в /?-гидроксипропионовы й альдеги д . А кти вн ости  аналогов  м еньш е, 
чем  акти вн ость  к о ф ер м ен та  В12 и  отл и ч н ы  м еж д у  собой в обеих р еак ц и я х . 
О бсуж дается  зависим ость м еж д у  активностью  к о ф ер м ен та  В і2 и его х и м и ч ес
кой  структурой.

И оанн а Р Ы Т К А  и В. Т Ы С А Р О В С К И

В Ы Д Е Л Е Н И Е  И  СВО Й СТВА  Д Е ГИ Д РО ГЕ Н А ЗЫ  Б(-)М О Л О Ч Н О Й  К И С Л О Т Ы  
И З  Д Р О Ж Ж Е Й  К У Л Ь Т И В И Р У Е М Ы Х  В А Н А Э Р О Б Н Ы Х  У С Л О В И Я Х

Р е з ю м е

1. Р азр аб о тан  н овы й  метод очи щ ен и я деги дроген азы  Б (-)м олочной к и сл о 
ты  и з д р о ж ж ей  к у л ьти в и р у ем ы х  в ан аэроб ны х у сл о в и я х  с прим енением  тр и п 
сина.

2. О пределен ы  кин ети ческ и е  свойства этого ф ер м ен та , на основании  к о 
то р ы х  п редл агается  схем а оки слен и я  D -a-ги дрокси ки сл от дегидрогеназой.

II
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К . К Л Е Ч К О В С К И

L -Г Л Ю Т А М И Н  К А К  Д О Н О Р А ЗО Т А  П Р И  С И Н Т Е ЗЕ  К А Р Б А М И Л Ф О С Ф А Т А
В П Р О Р О С Т К А Х  ГО РО Х А

Р е з ю м е

У становлено, что в п роростках  гороха L -глю там ин  я в л я е т с я  н аи л уч ш и м  
донором азота  д л я  си нтеза  к арбам и ловой  груп п ы  цитрули на. L -А сп араги н  
облад ает  30°/о, а  н еорган и чески е  ионы  ам м ония 10°/о активностью  по отнош ению  
к  L -глю там и н у, тогда к а к  ІѴ -ацетилглю тамин вовсе не активен . А кти вн ость  
систем ы  зав и си т  от н ал и ч и я  ионов M g2+, а оптимум pH  составляет  7,4-7,6.

В. Т Ы С А РО В С К И  и  А нна К О Н Е Ц К А

ED T A  К А К  И Н Г И Б И Т О Р  В О С С ТА Н О В Л Е Н И Я  Ф Е РР И Ц И А Н И Д А  
ГЛЮ ТА ТИ О Н О М  И  Ц И С ТЕИ Н О М

Р е з ю м е

И сслед овалось  в л и ян и е  E D T A  н а  скорость р еак ц и и  восстановлени я одно- 
эЛ ектронны х и л и  д в у элек тр о н н ы х  акцеп торов  су л ьф ги д р и л ьн ы м и  соединениям и. 
ED TA  в ы зы в а е т  торм ож ение в системе: одн оэлектрон ны й  акц еп тор  — восста
н ови тел ь  содерж ащ и й  одну груп п у  SH.

Э ф ф е к т ы  торм ож ени я  п осле уд ал ен и я  меди разл и ч н ы м и  м етодам и и  без 
у д ал ен и я  меди  идентичны . E D T A  н е  торм озит восстановлени я дв у элек тр о н 
н ы х  акцепторов.

3 . Ш А Ф Р А Н

ГИ Д РО Л И З Э Ф И РО В  п -Н И Т Р О Ф Е Н О Л А  И  Ж И Р Н Ы Х  К И С Л О Т  
ГОМ О ГЕН А ТА М И  С Л И ЗИ С Т О Й  О Б О Л О Ч К И  Т О Н К О Й  К И Ш К И  Р А З Н Ы Х

В И Д О В  Ж И В О Т Н Ы Х

Р е з ю м е

И сслед овал ась  акти вн ость  экстр ак то в  слизистой  оболочки  тонкой  к и ш к и  
р а зн ы х  ж и в о тн ы х  по отнош ению  к  эф и р ам  n -н и тр о ф ен о л а  и  ж и р н ы х  кислот, 
со д ер ж ащ и х  от 2 до 12 атомов углерода. Н аи в ы сш ая  у д ел ьн ая  ак ти вн ость  н а 
б л ю дал ась  у  к р о л и к а  и  к р ы сы , н и зш ая  — у  чел о в ек а  и  наиболее н и зк а я  
акти вн ость  — у  свиньи, к у р и ц ы  и  бы ка. М ак си м ал ьн ая  акти вн ость  н аб л ю д а
л ась  д л я  эф и р о в  С5> С6 и  С7.

Н а  осн ован ии  эти х  р езу л ьтато в , а  т а к ж е  р азл и ч и й  торм озящ его  дей стви я  
д и и зо п р о п и л ф то р ф о сф ата  об су ж д ается  возм ож ность н ал и ч и я  н еск о л ьк и х  эсте- 
р а з  в слизистой  оболочке к и ш ки .

III

http://rcin.org.pl



М. Б А Г Д А С А РЬ Я Н

Н И ЗК О М О Л Е К У Л Я Р Н Ы Е  П Е П Т И Д Ы  О Б Р А ЗУ Ю Щ И Е С Я  
В Р И Б О ЗО М А Л Ь Н Ы Х  П Р Е П А Р А Т А Х  К А К  П РЕД П О Л А ГА ЕМ Ы Е  

П Р Е К У Р С О Р Ы  Б Е Л К О В

Р е з ю м е

И з и нкубац и онн ой  смеси прем еняем ой  д л я  и сследован и я  в к л ю ч ен и я  ам и
н оки слот в белки  in  v itro  в ы д ел ен ы  с в я зан н ы е  ам инокислоты , повидимому, 
п епти ды  и л и  н уклеоти до-п еп тид ы . У д ел ьн ая  ак ти вн ость  р ад и о ак ти в н ы х  ами
н оки слот в к л ю ч аем ы х  во ф р ак ц и ю  н и зк о м о л ек у л яр н ы х  пептидов того ж е  по
р я д к а , что и у д ел ь н ая  ак ти в н о сть  свободны х ам инокислот инкубационной  
смеси; эта ак ти вн ость  п р ев ы сш ал а  удельную  акти вн ость  ам инокислот, в к л ю 
ч ен н ы х  в бел ки  рибозом и  м и крозом  прим ерно в ты ся ч у  р аз . Это у к азы в ает  
на то, что  исследуем ы е п еп ти ды  н е  я в л я ю тся  продуктом  деградац и и  готовы х 
белков , а  скорее  п рекурсорам и  полипептидов. И сследуем ы е ф р а к ц и и  не я в л я 
ю тся  ам инокислотам и , св язан н ы м и  с А М Р и ли  s-R N A , так  к а к  при  непосред
ственном  д и н и тр о ф ен и л и р о ван и и  и з н и х  освобож дается  немного р ад и о ак ти в 
н ы х  ам инокислот.

З о ф и я  Л ЯССОТА

М О Ч Е В А Я  К И С Л О Т А  В Н О Р М А Л Ь Н Ы Х  И  О Б Л У Ч Е Н Н Ы Х  7-Л У Ч А М И
Я Й Ц А Х  ВОМ ВУХ M O RI

%

Р е з ю м е

С од ерж ан и е  мочевой к и сл о ты  в я й ц ах  В о т Ь у х  т о г і  составляет  в среднем
3,5 мг/г ц е л ь н ы х  яи ц  и не и зм ен яется  во в р ем я  д и ап ау зы  и п осле ди ап аузы  
в периоде эмбриогенезиса. О блучен и е яи ц  в периоде ди ап ау зы  дозой 20 кг 
7-и зл у ч ен и я , торм озящ ее образован и е гусениц не в л и я ет  на содерж ан ие мо
чевой  к и сл о ты  в яйц ах . М оч евая  кислота н ак ап л и в ается  в м ер твы х  яй ц ах , 
если  в п остди ап аузальн ом  п ериод е они и н куби рую тся п ри  25°. Н акоп л ен и е  мо
чевой  к и сл о ты  в я й ц ах  п роисходит н езависим о от п ри ч и н ы  и х  гибели.
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