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

V o l. X I I  1965 NO. 2

B. ZAGALAK and J. PAWEŁKIEWICZ

SYNTHESIS AND PROPERTIES OF ANALOGUES OF COENZYME B 1 2  

METHYLATED IN THE ADENOSYL GROUP

D epartm en t of B iochem istry ,  College of A gricu lture , Poznań

Num erous analogues of coenzyme B1 2  have beѳп synthesized by 
substitu ting  o ther groups for 5 '-deoxyadenosyl. Ali t’hese analogues 
proved to be inhibitors of the enzymie reaction dependent on coenzyme 
B12, in which diols are transform ed into deoxyaldehydes and glycerol 
into /?-hydroxypropionic aldehyde [2, 9, 17, 14, 22]. It shooild be added 
th a t cyamocobalamin and hydroxycobalam in also inhibited competitively 
th is reaction.

On the o ther hand, it  is known that the analogues, at least some of 
them , are ju st as active as cya n oco ba lamin in prom oting the growth of 
chicks [4]. This may be explained by the ease wiith which the analogues 
are  converted in  th e  anim al body into coenzyme Bx2  o r  some o ther 
active form. Such transform ations have been observed in  m icro- 
organism s [14].

In  sipite of th is discrepancy, i t  seem s thait certain  analogues with 
s truc tu res  differing only slightly  from  coenzyme Bj2  m ay be useful in 
studies on the relationship  between activity and Chemical s truc tu re  of 
coenzyme B12. Therefore it was decided to  synthesize analogues of 
coenzyme B ) 2  containing in the place of adenosine, 1 -methyladenoisine 
and IV6 -m ethyladenosine, and to test the ir coenzymic activity.

MATERIAŁ AND METHODS

V itam in B1 2  and coenzyme B 1 2  were isolated from cu ltu res of Pro- 
pionibacterium shermanii [20]. 1-M ethyladenosine was synthesized by 
the m ethod of Jones & Robins [12] by m ethylating adenosine w ith 
m ethyl iodide in iV,N-dimethylformamide solution. Traces of iodide were 
rem oved by passing the aąueous solution of the preparation through 
a short column with D ow ex-l in the H C 0 3 form. N 6 -Methyladeno.sine 
was obtained by heating 1 -m ethyladenosine dissolved in 0.25 N-sodhim 
hydroxide [12]. It was observed that heating in concentrated ammonia 
also conyerts 1 -m ethyladenosine quantita tively  into isomeric N6 -m ethyl-
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104 В . Z A G A L A K  a n d  J. P A W E Ł K IE W IC Z [2]

adenosine. 2/,3,-0-Iso.propylidene derivatives of m ethyladenosines were 
prepared as folio ws: 0.5 m -m ole of m ethyl adenosine, thoroughly pul- 
verized and dried at 105° оѵег P 2 O5  a t 0.1 mm. Hg for 4 hr., was 
suspended itn 30 ml. of anhydrous acetone, and 5 m -m oles of anhydrous 
p-toluenesulphonic acid were added, the acid being preyiously dried for 
4 hr. оѵег P 2 O5  at 64° and 0.1 mm. Hg. The m ixture  was shaken for 
about 15 min. to dissolve the nucleoside and left for 5 hr. at room 
tem peraturo, during which tim e the solution took a light yellow colour. 
Then 20 mg. of Celite was added, and the elear filtra te  wais added w ith 
2  g. of thoroughly pulyerized natrium  bicarbonate; the  suspension was 
mixed for at least 1  hr. to m ake the solution neu tra l. Then th e  suspension 
was plaeed in the extraction capsule of a Soxhlet apparatus and 
ex tracted  w ith anhydrous acetone fo-r 12 hr. The ex tract was eyaporated 
to dryness and the chrom atographic homogeneity of the reaction product 
was cheoked w ith solvents A  and В (see below). Smali amouints of m ethyl- 
adenosine found i:n some of the  ipreparations were rem oved by passing 
the solution through a sho rt colum n w ith D ow ex-l (boirate form). From 
the dry residue, 2',3/-0-isopropylidene-l-m ethyladenosine was crystal- 
lized from warm  m ethanol о-r methamol and ethyl acetate. The yield 
was 80%; m.p. 255°. 2/,3/-0-Isopropylidene-N 6-m ethyladenosine was 
obtained only as a gla:ssy residue with 75% yield. 5 '-0-Tosyl-2 ',3/-0 -  
-isopropylidene nucleosides were obtained by the action of p-toluenesul- 
phonyl chloride on appropriate isopropylidene derivaitives dissolved in 
anhydrous pyridine distilled оѵег KOH. The followiing procedurę was 
applied: 50 mg. of well pulyerized derivative, previously dried for 10 hr. 
at 105° оѵег P 2 O5  at 0.1 mm. Hg, were suspended in 1.5 ml. of anhydrous 
pyridine and warmed. A fter cooling on an ice bath, 29 mg. of p-toluene- 
sulphonyl chloride were added, w ith  mixing. A fter 10 min. the  m ixture 
was rem oyed from the ice and left for 15 hr. at room tem peraturę. The 
sedim ent form ed was rem oyed by filtra tion  and pyridine was evaporated 
from the filtra te  and washings at room tem peraturę  under reduced 
pressure. The yiscous, resinous residue obtained, although non-homo- 
geneous on chrom atography, was used directly  for the synthesis of 
coenzyme B 1 2  analogues.

Synthesis o-f analogues of coenzyme B1 2  and purification of crude 
preparations by electrophoresis and paper с h r o m at o gr ap h у were carried  
ou t as preyiously desoribed [2 2 ] except that double am ounts of y itam in 
B 1 2  and  of the tosyl derivative were used, and the time of reaction was 
prolonged to 1 0  min.

Enzymie studies were perform ed according to the  m ethods already 
described [2 2 ], /ó’-hydroxyproipionaldehyde being assayed according to  
Sm:ley & Soboloy [16] and acetaldehyde and propionaldehyde a fte r  
Bohme & W inkler [3]. The enzymie system  from  Aerobacter aerogenes 
cells (strain no. 572, PZH, Warszawa) was prepared according to the
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[3 ] A N A L O G U E S  O F  C O E N Z Y M E  B 12 1 0 5

m ethod previously described [21]. F ot colorimetric measuremenits 
a Bausch & Lomb Spec tr onie 20 photoeolorim eter was used.

Spectra! ainalyses w ere perform ed w ith a Hilger H 700 spectrophoto- 
m eter w ith 1 cm. long ąuartz  cuvettes. Concentrations oif coenzyme B1 2  

and its analoigues w ere determ ined in samples of the solutiom after 
conversion into dicyaino derivatives, by m easuring the ext'inction at 
580 mu and taking the m olar extinction coefficient value as 10.1 Х10 3  [1].

For Identification of purine s a:nd their derivatives, the following 
solvents were used for paper chrom atography: (A), 5% aąueous solution 
of amm onium  bicarbonate [1 2 ]; (B), propan- 2 -ol - w ater - conc. amm onia 
(70:25:5, by vol.); and (C), n-butanol - w ater - conc. ammonia (86:13:1, 
by vol.) [18]. The spots were detected  by a low -pressure ąuartz  lam p 
(Philips 57413 P/40 TUV 30W) eąuipped with a filte r m ade from a ąuartz  
tu be containing Solutions of nickel sulphate and oobaltous sulphate [5].

For chrom atographic purification and Identification of corrins, two 
solvents were used: (D), n -butanol - propan- 2 -ol - w ater - acetic acid
(100:70:99:1, by vol.) and (E), n -butan-2-ol - w ater - acetic acid (70:99:1, 
by vol.). P aper eleotrophoriesis was carried out in 1 м-acetic acid at 
6 - 8  V/cm. Both chrom atography and electrophoresis w ere carried out 
in complete darkness.

1-M ethyladenine and N6-methyladeniine used as standards were 
obtained from the appropriate  nucleosides by hydrolysis :n 2 N-hydro- 
chloric acid. Adeinosine was a commercial product of N utritional Bio- 
chemicals Co., U.S.A., and P-cellulose was prepared acocrding to P e ter- 
son & Sober [15]. O ther reagents were obtained from Fabryka Odczyn­
ników Chemicznych, Gliwice, Poland.

RESULTS AND DISCUSSION 

Synthesis and physico-Chemical properties of the analogues

The m ethod described recently  by Jones & Robins [12] for the 
synthesis of methyladeinosine nucleosides, perm itted  to  carry ou t the 
synthesis of coenzyme B1 2  analogues. 1 -M ethyladenosine and lV6 -m ethyl- 
sdenosine were found to react readily  w ith acetone in the presence of 
ćnhydrous p-toluenesulphonic acid and ito be transform ed alrnost ąuan ti-  
tatively into 2 ',3 '-0-isopropylidene derivatives. Tosylation of these 
derivatives followed the same course as for the nucleoside compounds 
described th u s  far. The chrom atographic properties of the obtained 
purine compounds are summairized in Table 1.

Incorporation of nucleosides in the Chemical synthesis of coenzyme 
B12 analogues was confirm ed by isolating the nucleosides a fte r phoito- 
lysis, o r free purine base a fte r trea tm en t wiith potaissium icyanide. The 
jeactions w ith potassium  cyanide w ere perform ed as follows: about 1  mg. 
of the analogue was dissolved in 10 ml. w ater, added with a few mg.
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T a b 1 e 1

Rf values of l-methyladenine, N 6-methyladenine and their derivatives
Chromatograrms w ere developed on W hatman no. 1 filter paper by the descendinig 

techniąue. In solvent A, chrom atogram s w ere developed at 18°.

Compound Solvent
A 5 С

Adenosine 0.54 0.52 0.23
1 -Methyladenosine 0.77 0.43 0.20
iV6-Methyladenosine 0.64 0.64 0.47
Z^S^O-Isopropylidene-1-methyladenosine 0.77 0.68
2',3'-0-Isopropylidene-A6-rnethyladenosine 0.64 0.79
1-Methyladenine 0.25
A^-Methyladenine 0.63

KCN and left in oomplete darkness for several hours. Then the solution 
was adjusted ito pH 6  w ith dilute acetic acid, added w ith  w ater to 15 ml. 
and applied to a P-cellulose columin (2 om. X 2 cm.). The pigm ented 
corrinoids were eluted with w ater and then free purine w ith  0.1 n-HCI. 
The spectral analysis and paper chrom atography of the  isolated com- 
pounds showed that potassium  cyanide decomposed both coenzyme B ( 2  

analogues, liberating free purine sim ilarly as iin the reaction w ith 
coenzyme B1 2  in which adenine was liberated [10]. The base liberated 
from  an analogue synthesized from 'a 1 -m ethyladenosine derivative had 
an absorption m axim um  at 258 - 259 mp in acid, and ait 270 -271 mp in 
alkaline solution, and its spot on the chrom atogram s conresponded to 
l-m ethyladenine. The base liberated from the  analogue synthesized from 
the IVе-m ethyladenosine derivative had Emax at 265 - 267 mu in  0.1 n-HCI, 
and a t 274 mu in alkaline solution; on chrom atography, the compound 
behaved like iVG-m ethyladenine standard. The absorption maxima of the 
bases were in agreem ent with data found in the lite ra tu rę  [13, 18].

The phoitolysis was perform ed by irradiating Solutions of 1 mg. of the 
analogue showed Emax ait 258 m u  in 0.1 n-HCI, and 259 - 260 mg in alkaline 
on a P-cellulose column. The columin was washed w ith dilute solution 
of hydrogen cyanide to coinvert aquo(hydroxy)-cobalam in into the cyano 
form. The purine derivatives were eluted with 0.1 n-HCI, collecting ten 
3-ml. fractions. Each of the analysed samples contained at least three 
products, w ith m arked predoiminance of one compound. The main 
fraction eluited from the photolysis products of the l-m ethyladenine 
analogue in  1 0  ml. w ater in  direct sunlight, and the p rcduct adsorbed 
solution. The m ain fraction of the  N6-m ethyladenine derivative showed 
Emax at 262 - 263 mg in acid, and at 267 mu in alkaline solution. These 
data are in  agreem ent w ith those for 1-m ethyladenosine and N 6-m ethyl­
adenosine [13, 18].
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In the  course of photolysis of coenzyme B1 2  under aerobic comditions, 
th e  nucleoside m oiety :is split off im the form of a radical which stabilizes 
as the 8,5'-cyclic adenosine [7], and тотеоѵег adenosine-5 ,-aldehyde [8 ] 
and adenosine-5/-carboxylic acid are form ed [11]. As in spectra 1 analysis 
all these compounds behaved like adenosine [1 ], it may be assum ed that 
th e  products of photolytie degradation of th e  synthesized analogu es 
oontaining 1 -m ethyladenine o r IV6-m ethyladenine also oomitaim cyclic 
nucleosides, aldehyde and poissibly carboxyl derivatives.

The m ethod by which the analogues w ere synthesized, their behaviour 
on photolysis and in th e  reactiom w ith potassium cyanide, corroborate 
their struc tu re  as Co-5/-deoxy-(l-methyladenO'Syl)-a-(5,6-dim ethylbenz:- 
midazolyl)-cobamide (Co-5'-d(l-M Ado)-DM BIA-cobamide), and Co-5'-de- 
oxy-(iV6-m ethyladenosyl)-a-(5,6-dim ethylbenzim idazolyl)-cobam ide (Co- 
-5,-d(N6-MAdo)-DMBIA-oobamide). The schematic s truc tu ra l form ulae 
o f the tw o synthesized compounds are showm in Fig. 1. On electro- 
iphoresis both analogues exhibited  greater mobility thain coenzyme B12

FLg. 1. Structurail form ulae o f coenzym e B12 analogues. (I), O o-5 '-deoxy-('l-m ethyl- 
adenosyl)-a-(5,64di'methylbenziimidazolyl)-coba:mide; abbreviation used: C o-5'-
-d(M Ado)- DMBIA-cabairruide. (II), Oo-J5'-deoxy-(Ne-«m ethyladenosyl)-a-(5,6-dim ethyl- 
benzim:idazolyl) - с о Ь а т п id e; abbreviaition used: Oo-5, -d(lVe-M Ado)-DM lBIA-cobarmde.

(Table 2) owing to  the  m orę basie character of the m ethyl derivatives 
of adenosine. Of the two m ethyladenosines, 1 -m ethyladenosine was 
more basie [6 ] and th e  amalogue containing th is nucleoside had greaiter 
electrophoretic m obility. On paper chrom atography, the m obilities of 
the two analogues d iffered  very mairkedly and i t  m ay be assum ed th a t 
Co-5/-d(l-M Ado)-DM BIA-cobamide is more polar than  its N6-MAdoi 
isomer.

The tw o analogues synthesized, sim ilarly  as coenzyme B12, are photo- 
sensitive and, although the ra te  of degradation has not been m easured, 
the obseryatioins indicate that they undergo photolysis at leaist as rapidly  
as coenzyme B12.
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T a b l e  2

Chromatographic and electrophoretic mobility of analogues 
o f  coenzyme Bl2

Chromatograrns w ere developed in a dark -rooim at 20° by the descending techn iąue  
on W hatm an no. 3 MM paper. E lectrophoresis w as carried out on W hatm an  
no. 3 MM paper in  1 м -iaoeitic acid. The rela,tive ratę o f m igration is g iven  in term s 
of R B denoting the distance m oved by the compound divided by the d istan ce  
m oved by cobdnamide. The position o f cyanocobalam in deiineis th e  starting point.

Compound

Paper chromatography
Paper elec­
trophoresis 

Rb

Solvent D Solvent E

Rcoenzyme B\ 2

Coenzyme Bi2 1.00 1.00 1.18
Cyanocobalamin 0.00
Aąuocobinamide cyanide 1.00
Co-5'-d(l-MAdo)-DMBIA-cobamide 0.54 0.29 1.30
Co-5 '-d(iV6-MAdo)-DMBiA-c’obamide 1.30 1.37 1.22

1.1

Fig. 2. Absorptiotti sipeetra o f  coen­
zym e B12 analogues in aąueous
solution: (------ ), C o-5 '-d (l-M A d o)-
-DM BIA-cobaimide, conon. 2.92 X
X 10—5 m  ; (----------- ), Co-5'-d(iVe-
-M A do)-D M B IA -cobam ide, concn, 

1.78 X 10- 6 м.
250 300 350 400 450 500 550

Wavelength (m/i)

The ahsorption spectra of th e  analogues (Fig. 2 ) resem bled th e  
spectrum  of coenzyme B12, except that the  m axim um  in the 260 mix 
reglom was shifted tow ard 257 - 258 тіх for 1  -m ethуladenosy 1 ainalogue,. 
and tow ard 265 - 267 mu for the  N6-m ethyl derivative.

i*
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Coenzymic activity of the coenzyme B l2 analogues

The m ain enzymie test employed in  this laboratory for studying the  
analogues of coenzyme B1 2  is the transform ation of glycerol to /5-hydro- 
хургоріопіс aldehyde. This reaction is catalysed by ain enzymie system  
present in a preparation obtained from A. aerogenes [21]. This p repara- 
tion catalyses as well the coenzyme B1 2  dependent transform ations o f  
ethylene glyeol to acetic aldehyde, and of 1 ,2 -propandiol to propionic 
aldehyde; these two reactions were usually chosen by o ther authors for 
studying the  analogues in a system isolated from a different s tra in  of 
A. aerogenes.

As ohserved previously [22], and coinfirmed in th e  present ехрегі- 
ments, the specificity of these reactions in relation to na tu ra lly  oceurring 
corrin ooenzymes vairies, although they are catalysed by the same 
enzymie system  and belong ito the  same type  of intram oleoular oxyredox 
transform ations. For instance, the  coenzymic form of cobinamide was 
a-ctive w ith diols but was iiniactive when glycerol was used as substrate. 
W ith some enzymie preparations, the cobinamide coenzyme was inactive 
also in the  reaction of transform ation of ethylene glyeol, while showing 
activity in  the transform ation  of propandiol [22]. The reasoms for th is  
behaviour are not elear.

The 1-m ethyladenosine ainalogue w as inactive in a ll three reactions 
even w hen the ineubation was prolonged to 30 min. The ainalogue was 
considered to be ipraatioally inactive if a fte r 1 0  min. ineubation the  
am ount of (d-hydroxypropionic aldehyde foirmed wais practically  th e  
same in the  tested sample and in  the blank test not containing th e  
analogue. In  the transform ation  of glycerol, the  1 -m ethyladenosine 
analogue showed a competitive inhibition. The index of iinhibition defin - 
ing the ratio  of the concentration of th e  analogue to the  concentration of 
coenzyme Bi2  a t  whiich the velocity of the  reaction was reduced to one- 
-half, was 2.3. For determinatioms of the inhibition index, coenzyme B12: 
and the analogue were added to the reaction m ixture together. The 
order in which coenzyme Bi2  and  the analogue were added iinfluenced 
m arkedly the resu lts  becaiuse of the incom plete reversib ility  of th e  
process of biinding corrin compounds by apoenzym e [16, 17]. The con- 
centrations of coenzyme B 1 2  used in these experim ents were chosen so 
as to ensure complete saturation of the apoenzyme (this value w as 
determ ined from  kinetic data and the details w ill be described in 
a separate paper). The reaction mixturie used previously [22] w as found 
to be suitable; however, depending on the aetiv ity  of the  p rep ara tio n  
studied, it was sometimes necessary to  reduce the  concentration of the 
enzyme from 0.5 to 0.2 mg. of protein per sample.

The Co-5'-d(N 6 -MAdo)-DMBIA-cobamide was found to act as a co­
enzyme of ethylene glyeol and propandiol transform ations. W ith glycerol
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lit was practically inactw e during 1 0  min. mcubatioin, but gave traces 
of /?-hydroxypropionic aldehyde when the sam ple was inoubated foir 
30 min. U nder these conditions the l-m ethyladenosyl analogue w as 
i'nactive. N ew ntheless, the iV6-methyladenoisyl analogue aippeared to be 
a com petitive inhibitor in the reaction with coenzyme B12. The inhibitioin 
index for this compound was 1.4, indicating an alm ost idemtdcal w ith  
coenzyme B1 2  affinity  to the aipoenzyme.

The relaitioin of the amoiunt of acetaldehyde form ed from  ethylene 
glyeol, to the eoncentration of the  N6-m ethyladenosyl analogue in the 
Linew e av er-B ur к ploit is shown in Fig. За. The graphically determ ined 
M ichaelis -constant defining the dissociation coinstant of the  apoenzym e- 
-coenzyme со тр іех  (K 'm) was 4 X 10~7 m. The K 'm for coenzyme B1 2  for 
the same reaction was found to be identical: 4 X 10_7m (Fig. Sb). In the 
reaction w ith propandiol the  K 'm value for NG-m ethу 1 adenoisy 1 analogue 
w as 2.5 X 10_ 7 m, and for coenzyme B]2, 1.4 X 10_7m (Fig. 4 a, b),

F ig. 3. L m ew eaver-B urk  plot o f acetaldehyde form ation yersus: (a), Co-5'-d(ATe- 
-M Ado)-DM BIA-cx>bamide and (b), coenzym e B 12 eoncentration. Conidttions1: 50 |limo­
los o f ethylene glyeol; 0.2 m l. of 0.2 M-potaisisium phosphate buffer, p*H 8.0; 1.6 m g. 
o f protein and Go-5' -d(N 6-M A do)- D M BIA-eobam ide or coenzym e B1 2  at concein- 
trations dndicated, iin a finał ѵ о іп т е  o f 1 m l., w ere ineubated for HO miin. at 37°. 
A cetaldehyde was determ ined according to Bohm e & W inkler [3]. The concentra- 

tions o f acetaldehyde are g iven  iin extination units.

Fig. 4. L inew eaver-B urk  plot o f propionaldehyde form ation versus: (a), C o-5'- 
-d(iVe-M A do)-D M B IA -cobam ide and (b), coenzym e B 12 eoncentration. 'Conditioins 
a s  ;in the experim ent show n iin Fig. 3 except that 1,2-propandiol instead o f ethyleine

glyeol w as uised аэ substrate.
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indicating sim ilar affinity  of coenzyme B ] 2  and the analogue to the 
enzyme. In spite of very sim ilar values of the dissociatkm constants of 
the  со тр іе х  of apoenzyme with coenzyme B ] 2  and w ith the  analoigues, 
the т а х і т и т  velocity (V) of the reacticn  with ethylene glycol was 14.3 
extinction units for ooenzyme B 1 2  but only 1.6 for N 6 -m ethyladen'0 'Syl 
analogue (Fig. 3). It seerns, therefore, th a t the  apoenzyme-coenzyme B1 2  

со тр іе х  is much morę active th an  the a poe n z у m  e-an alo-gu e сотр іех . 
The resu lts  of kinetic studies of the reaction of propandiol (Fig. 4) 
showed sim ilar relations.

The suggestion th a t the  tw o enzyme complexes differ in their 
cataly tic  activity was confirm ed by the Michaelis constant values for 
propandiol determ ined in the ipresence of an excess of the m ethylated 
analogue and coenzyme B1 2  (Fig. 5 a, b). These K "m values were, res- 
pectively, 3.1 X 1 0 ~ 4 m and 1.1 X 10- п м , differing by one o rder of

Fig. 5. L m ew ea ve r - В ur к plot of propionaldehyde formaition versus 1,2-propandiiol 
concentration in the presence of: (a), C o-5' -d (IV0 -M A do) - DM BI A - coba mide and (b), 
coenzym e B 12. Gonddtioin-s ais in the experimen:t show n in Fig. 3 except that in 
(a) 3.8 pm -m oles o f  the analogue and in (b) 0Л pm -m ole o f coenzym e B i2 w ere used.

m agnitude. Hence it appears that Co-5'-d(N 6 -MAdo)-DMBIA-cobamide 
gives w ith apoenzym e a со тр іех  th a t is eąually  stable as the one formed 
w ith coenzyme B12, but the holoenzym e form ed is catalytically  m any 
times less active th an  the natu ral сотр іех . These kinetic data are 
sum m arized in  the scheme:

Apoenzyme +  coenzyme B12 t

analogue of ^
Apoenzyme +  coenzyme

Substrate +  holoenzyme “  TSubstrate- 1
|_-holoenzymej

Substrate-
Substrate +  ana*°Sue ° f  -analogue of

holoenzyme holoenzyme

Co-5'-d(l-M Ado)-DM BIA-cobamide and Co-5'-d(N6-MAdo)-DMBIA- 
-cobamide differed from coenzyme B* 2  (Co-5 '-dAdo-DM BIA-cobamide)

“ Holoenzyme (K'm ^  10 7)

Analogue of .
T holoenzyme (Kni 10 ?)

— > Product +  holoenzyme (К„ ^  \0 ~ 4)

—  Product +  a"al08ue of ( C ~  10-3) 
holoenzyme
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only in having an additional m ethyl group in position 1  or N 6  of adenosine. 
The first one was completely inactw e, the secornd was only  w eakly 
active as coenzyme. Each, how ever, poissessed the ab ility  to  combine 
w ith apoenzyme like coenzyme B12.

It seems thait the folio w ing tenta;tive proposition may be advanced 
coneenning the rela tion  between th e  activiity of coenzyme B 1 2  and its  
structure . The n itrogen N t of the adenosyl group seem s to play an 
essential role in the coenzymic function. Adenosine Ni nitrogen is known 
to possess the highest density of electroins and  to undergo protonation 
mosit readily  [6 , 12], and it seem s tha t in coenzyme B ) 2  thie NŁ m ay be 
t h e s i t e  at y/hi с h the coenzyme is attached to th e  substrate  o r to the  
apoenzyme, this binding being essential for its  activify. For instancer 
combining w ith apoenzyme it may give rise to appropriate confOnmaticn 
of the protein, which is not form ed w hen the coenzyme combines with 
apoenzyme ithrough o ther functional groups. Therefore the  blocking of 
n itrogen Ni, e.g. by m eans of a m ethyl group, abolishes the cataly tic  
ability  of the сотр іех . These suggestions seem  to be supported by the 
fact th a t Co-5'-deoх уinosine-DAfВIA-cobam ide, i.e. deam inated coenzy­
me B12, containing inosine in the place of the adenosyl residue, was also 
inactive [22]. Inosine in the lactam  form is no t protonated in position 1, 
but, as shown by the experim ents on metlhylaltion, possesses the highest 
electron density in position 7 [12]. The adenosine amino group of coen­
zyme B1 2  probably plays a less im portant role, as it w as found ithat its 
substitu tion  by a m ethylam ino group does not abolish the cataly tic  
properties of the  compound, although it resu lts  in the ir m arked decrease. 
This reduced aetivitv m ay be due either to a spatial obstacle or to 
imcreased basicity of the amino nitrogen. The data  presented are  too 
scarce to justify  m orę tham a ten ta tive  suggestion on the coenzyme B 1 2  

function, and fu rth e r experim ents on o ther analogues of coenzyme B1 2  

are reąu ired .

SUM MARY

The synthesis and  properties of two analogues of coenzyme Bi2  con­
taining 1 -m ethyladenosine o r N6-m ethyladenosine in the place of adeno­
sine, are described. The influence of the analogues on enzymie transfor- 
m ation of glycero! into /?-hydroxypropionic aldehyde and of ethylene 
glycol and  1 ,2 -propandiol into acetic and propionic aldehydes, respec- 
tively, was studied. Both analogues proved to be strong com petitive 
inhibitors of the reaction of glycerol. The 1 -m ethу 1 adenosine analogue 
was also inactive in the  transform ation of diols, w hich was catalysed by 
the iV6-m ethyladenosy 1 analogue. The dissociation constants of complexes 
of apoenzym e w ith  both analogues and w ith coenzym e B1 2  were of th e  
same order (K'm =  10~ 7  m ). The apoenzym e-coenzyme B1 2  со тр іех  was 
m uch more active th an  the со тр іех  of apoenzyme and the N 6 -m ethyl-
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a d e n c is y l  a n a lo g u e .  K " m for 1 ,2 - p r o p a ń d io l  w a s  3.1 X 10 m, a n d  i n  t h e  
p r e s e n c e  of t h e  IV6- m e t h y l a d e n o s y l  a n a lo g u e ,  1.1 X 10~3 m. T h e  r e l a t i o n  
b e tw e e n  c o e n z y m ic  a o t i v i t y  a n d  C h e m ic a l s t r u o t u r e  o f  c o e n z y m e  B j2 is  

d i s c u s s e d .
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SYNTEZA I W ŁASNOŚCI ANALOGÓW KOENZYMU B 12 METYLOWANYCH  
W CZĘŚCI ADENOZYLOW EJ CZĄSTECZKI

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

Opisano syntezę i w łasności dw óch analogów  koenzym u Bł2 zaw ierających  
w  m iejsce adenozyny odpow iednio il-m etyloadenozynę i N G-m etyloadenozynę. Zba­
dano w p ływ  tych analogów  na enzym atyczne przekształcenie glicerolu  w  aldehyd  
/j-hydroksypropiotnowy oraz glikolu ety len ow ego  w  aldehyd octow y i  1,2-propan- 
diolu w  aldehyd propionowy. Oba zw iązki okazały się inhibitoram i kom p etytyw - 
nym i w  reakcji glicerolu. A nalog zaw ierający 1-m etyloadenozynę był także n ie ­
aktyw ny w  przemlainiie dbali, natom iast analog z AT6-m etyloadenozyną katalizow ał 
te reakcje. S ta łe  dysocjacjd kom pleksów  apoenzym u z analogam i jak i z koenzym em  
B j2 są tego sam ego rzędu (K'm 10—7 m ) .  K om pleks apoenzym u z koenzym em  B 12

[ U ]
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jest aktyw niejszy od kom pleksu apoenzym u z analogiem  łVe-m etyloadenozylow ym . 
Stała Michaeliisa d la  reakcji przem iany 1,2-propandiiolu w  aldehyd propionowy  
w  obecności koenzym u B 2̂ w ynosi 3.1 X 10 1 m , zaś w obecności analogu z IV6-m e- 
tyloadenozyną ii.,! X 10~ 3 м. P rzedyskutow ano zależność aktyw ności koenzym atycz- 
nej koenzym u B j2 od jego budowy chem icznej.

R eceived  Ul A ugust 1964
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W. WIŚNIEWSKI

SEPARATION OF PROTEINS FROM PROPION1BACTERIA  
ON CELLULOSE ION EXCHANGERS

D e p a r tm e n t  of B iochem istry  and D epartm en t of General Chem istry ,
College of A griculture, Poznań

The purpose of th is study was to develop a m ethod suitable for th e  
separation  of proiteins from Propionibacteria on cellulose ioin excha:ngers. 
As conitrol of reproducibility  of resu lts and for the Identification of 
fractions, the activiity of two hydrolytic  enzymes, nam ely alkaline phos- 
phatase and /Lgalactosidase, was assayed. The bacteria w ere  grown on 
two cu ltu re  media, one cointaining glucose and the  o ther lactose as energy 
sources. Lactose was applied to induce the form ation of /Ugalactosidase 
by Propionibacteria.

EXPERIMENTAL

Organisms. The following straiins were used: Propionibacterium sher- 
manii  (National Collection of Dairy Organisms, no. 839), P. freudenreichi 
(Am erican Typ>e C ulture Coillectiom, no. 6207), P. petersoni (A.T.C.C., 
no. 4870) and P. arabinosum  (A.T.C.C., no. 4965).

C ultures of the bacteria were carried  ou t accoirding to  Zodrow & Pa- 
wełkiewicz [14] in media containing caisein hydrolysaite and glucose o r 
lactose, and the  acid produced during grow th of bacteria was neutralized  
w ith aąueous soluition of ammonia. The cu ltu res  were centrifuged and 
each bacterial pelle t divided into two parts. One was used to  prepaire 
the acetone ipowder by the m ethod described by Bartosiński [1 ], the 
o ther was dried in a th in  layer on a glass plate at room  tem peratu rę  
and then ground m anually for 4 hr. in a porcelain m ortar w ith  pow dered 
glass.

Substrates. Tetraacetyl-a-brom ogalactose was obtained by the m ethod 
of Pasternak  et al. [11], and p-m trophenyl-/?-D-galactopyranoside by 
a m ethod based on the procedurę of Glaser & W ulwek [4] for the syn­
thesis of o-nitrophenyl derivative of glucose. Phenolphosphoiric acid was 
obtained by the m ethod described for p-nitrophenylphosphoric acid [6 ].

Ionites. Carboxymethyl(CM )-cellulose and  diethylam inoethyl(D EA E)- 
-cellulose were prepared according to Ellis & Simpson [3], the  synthesis
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of 2 -chloro-N ,N -diethylam inoethyl hydrochloride being carried ou t after 
Hall & Stephenson [5]. The obtained CM-cellulose contained 0.65 mEq 
per gram  and DEAE-cellulose 0.70 m Eq. per gram. Phosphato(P)-cedu- 
loise prepared by the  m ethod of Peterson  & Sober [12] contained 0.55 mEq 
per gram.

Analytical methods. The extinctions were m easured in a Pulfiich 
photocolorim eter equipped w ith an  Elpho attachm ent.

Protein wa.s determ ined by th e  phenol Folin reagent after Lowry 
et al. [7], the  extinction of the sam ple being read  ait 660 т ц .  О ѵаІЬитіг 
(N utritional Bioehem. Corp., Cleveland, Ohio, U.S.A.) was used a,s 
standard.

/5-Galactosidase activi.ty was m easured by  incubating 5 ml. of a solu­
tion containing 2.5 mg. of p-n itroph  enyl-/?-D-galactopyr anoside di;ssolved 
in  0.01 M^phosphate buffer of pH 6 .8 , w ith  0.2 to 3.0 ml. of p ro tein  solu- 
tiom, and the whole ad justed  to  8  ml. w ith  the sam e buffer [13]. The 
ineubation was carried ou t for 1 hr. at 40°, and the reaction was stopped 
by adding two drops of concentrated NaOH solution; the amount of 
p-nitrophenolate released was determ ined at 420 m u , against a blank 
sam ple containing no  protein. A soluition of p-nitrophenol in 0.01 м-phos- 
phate buffer of pH 6 .8 , adjusted  to pH about 11 by adding several drops 
of NaOH, was used as standard. The u n it of galactosidase activity was 
defined as th a t am ount of enzym e w hich caused the liberatioin of 1  м-g. of 
p-nitrophenol during 1  hr. ineubation.

Alkaline phosphatase activi'ty was m easured in  an  ineubation m ixture 
consisting of 1  ml. of a solution containing 2  mg. of phenolphosphoric 
acid in 0.01 M-phosphate buffer, pH 9.4, and 0.2 to  3.0 ml. of protein 
solution, the whole being brought to  the  ѵ о іи те  of 5.5 ml. w ith the same 
buffer [9]. A nother sample containing no  phenolphosphoric acid was 
prepared sim ultaneously. Afiter ineubation for 1 hr. at 38°, the Folin 
reagent was added and both samples were left for 1 hr. in the refrigera- 
tor; then the extinctions a t 660 т ц  were determ ined. In  this way in the  
first sample the  phenol liberated during ineubation was determ ined 
together w ith the protein  p resen t in the sam ple, and in the  second one 
only protein  was determ ined. The difference betweem the two yalues 
gave the am ount of liberated phenol. A nalytic grade phenol (Fabryka 
Odczynników Chemicznych, Gliwice, (Poland) dissolved in  0.01 м-phos- 
phate buffer, pH 9.4, served as standard. The unit of phosphatase activity 
was defined as that am ount of enzyme which liberated  1 Mg. of phenol 
from  the substra te  during 1  hr.

RESULTS

Protein extraction. One to  th ree  gram s of acetone-dried or air-dried 
bacteria were ground in a m ortar and 40 to 80 ml. of appropriate buffer 
o r  w ater was added. The thcroughly homogenized suspension was left
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for 16 hr.. at 0° and then centrifuged for 10 min. at 5° alt 26 000 g. The 
e lea r o r  only slightly  opalescent yellowish supernataint was dialysed 
in a cellophaine tubing for 24 hr. at 2 - 3 °  againat 'the same buffer. If the 
extractiom was carried  out w ith  w ater, dialysis w as perform ed against 
the solution which was to  be used for in itiating elution from  the column. 
A  sm ali am ount of iprecipitate which sometimes fo-rmed w as rem oved 
by centrifugation and th e  p ro tein  solution was subm itted  to  chrom ato- 
graphic separation.

Column chromatography. One to th ree gram s of cellulose exehanger 
w ere suspended in 100 ml. of a buffer of the same pH and ionic strength  
as th a t used for extraetion, o r in  w ater. The suspension was poured 
into a chrom atograph ic tu  be closed at the  lower end w ith  a plaite of Jena 
s in tered  glass G-2. The height of the  column varied betw een 20 and  
90 mm. depending on the am oun t of exchanger used, the  d iam eter being 
15 to  20 mm. The excess of fluid was allowed to flow out so th a t only 
a top layer of 1  - 2  mm. was left.

The bacterial p rotein  solution was transferred  to  the  tube very care- 
fu lly  to  avOiid s tirrin g  u p  the еѵепіу d istribu ted  exchamger. The adsorbed 
proteiins were elu ted  using stepw ise and continuous ipH gradient o r ionic 
s treng th  gradient procedures. The continuous gradient elution w as per­
form ed according to the  m ethod of P a rr [10] using two or more oon- 
nected vessels. The separatioin which lasted from 4 to  10 hr. was p e r­
form ed at room tem peraturę . The flow -rate was 2 - 8  ml. per m inutę, re- 
gulated by changing the  pressure from  50 to 150 mm. waiter. The volume 
of the fractions ranged  from  5 to 15 ml., and 100 to  200 fractions were 
collected by meains of a fraction collector. The elution of the  p ro te in  
adsorbed on the oatiom exchangers, CM- and P-cellulose, w ith the two 
procedures gave unsatisfaatoiry and non-reproducible separaition, and the  
enzymes w ere inactivated. W ith a buffer of m ereasing pH, nearly  90% 
of protein was e lu ted  in one peak and the  rem ainder in 4 - 6  very smali, 
indisti.net and  enzym ically inaetive fractions. The pH values of the  efflu- 
ent w ere e ither higheir o r lower th a t the pH  of the eluent. Also w hen 
neu tra l salit solution (NaCl) w as used as eluent, the  pH  of the  effluent 
ehanged from  7 to less than  2; about 85% of the protein  w as e lu ted  in 
the first peak, and the rem ainder in several indistinct, enzymically inac- 
tive fractions. W ith buffers consisting of w eakly dissoeiated acids and 
salts the changes in  pH  va’lues w ere less m arked but still apparent. 
V ery strong buffering of the  catioinite, which theoretically  should assiure 
the stability  of the pH, dim inished as a ru le  the aidsorption oapaciity of 
the  exchanger o r lead to its complete loss a t pH near 7.

The separation on DEAE-cellulcse in th e  OH” form  gave resu lts  
sim ilar to those obtained w ith  CM -cellulose and  P-cellulose. Anions were 
exchanged by the OH ioins causing a sharp  inerease in pH, outflow  of 
alm ost all the protein, and usually  inactiyation of the enzymes. Chrom a-
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tography on DEAE-cellulose in the  Cl- form , from  which the  adsorbed 
proteins were eluted w ith  ia pH gradient, gave sim ilar resu lts . W hen 
the eluents w ere buffered too strongly, .the adsorption ab ility  w as p rac ti­
cally abołisbed.

D istinct and reproducible separation of pro teins could be obtained 
only on DEAE-cellulose in the  Cl form  using stepwise ionic s treng th  
gradient elution a t constant pH 7. The ionic s treng th  was changed by 
increasing th e  eoncentration of the phosphate buffer and by adding 
sodium chloride. Fig. 1 represents the separation of proteins ex tracted  
from acetone-dried P. shermanii grown on the  lactose medium. Ninę

Fig. 1. S tepw ise elution  on a D E A E -cellu lose colum n o f proteins from  acetone-d ried  
P. shermanii.  A cetone powder, 3 g., w as extracted  wirth 60 m l  of phosphate buffer, 
ionic strength  0.002 \i, pH 7, the cells w ere rem oved by centrifugahon aind the  
extract containing 0.37 g. of protein w as diialysed against th e  sam e buffer. A  tu b e  
50 mm. high w as filled  w ith  2 g. o f D E A E -cellu lose (Cl form) suspended lin the  
sam e buffer. Stepw ise elu tion  w as carried ou t wtith phosphate buffers, pH 7, at 
ionic strengths from 0.002 u, to  0.1 ц, and iat ionic stremgths above 0.2 ц, w ith  the  
addition o f appiopriate am ounts o f NaCl. F low -nate about 7 m l./m in. Ionic Strength  
of the eluent in th is and siubseąuent F igures is indieated in the upper part o f  the

diagram .
Fiig. 2. Rechrom atography o f  peak I in Fig. 1 (eluted wiith 0.002 ц solution). P rotein  
solu tion  from  peak 1, 75 m l. (fractions 4 - 8), w as d ia iysed  against phosphate buffer, 
ц 0.002, then conoenitrated to  30 ml. and appiied on the colum n of 1 g. D EA E- 
-ce llu lose  (Cl-  form). Stepw ise elution was perform ed in the sam e w ay ais for the

prim ary chrom atography.

proitein fractions were obtained from each of the  four Propionibacteria 
s tra ins studied. A ttem pts at fu rth e r separation by increasing the num ber 
and cbanging the  composition of the  eluents, w ere unsuccessful. The 
resu lts  obtained for baicteria grown on the lactose medium  w ere p rac­
tically  the  same as w hen the glucose o r fnuctose m edium  was used.

The rechrom atography of th e  obtained iprótein fractions w as p e rfo r­
m ed u nder the same conditions and w ith the sam e eluents as the  p rim ary  
separation. Protein  Solutions from  a peak  (3 - 15 fractions of 15 ml.) w ere
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dilalysed, concentrated to  about 2 0  ml. by u ltra filtra tion  and th en  applied 
on a DEAE-cellulose oolumn. Dialysis and conoentnation were perfor- 
med ait 1° to avoid losses in enzymie aotivity. Peak  I, sim ilarly as the 
whole protein, separaited on rechrom atograiphy into nine fraotions (Fig. 2) 
which upon seccnd rechrom aitographу did not fu rth e r separate. O ther 
protein peaks from  the  first oolumn did not fu rth e r separate  upon re -  
chrom atography and were recovered in the same conditions (Fig. 3).

Fig. 3. Rechroima/tiagraphy of (а), реак V; aind (b), peak VI, lin Fig. 1 (eluted w ith  
0.25 ц and 0.50 ц solution, resip.):. Other condiitions as for Fig. 2.

Peak I, which seem ed to  contain only the  iprotein not aidsorbed by the  
exchanger, proved to be a m ix tu re  of all proteins p resen t in  the bacterial 
ex tract subm itted to separation. Presum ably  its non-hom ogeneity was 
due to  the  fact that the  protein  solution applied oin the  coluimn paissed 
'thro-ugh wiithout being adsotbed uintil the ioniite became saiturated. By 
inereasinig the am ount of ionite in  rela tion  to protein and by uniform  
distribution of th e  adsorbent in the colurnn as well as by applying a slow er 
flow -rate, the protein conitent of peak I could be dim inished; however, 
even so it was not possible to obtain ia homogeneous protein.

A ll the sepairafions w ere carried  ou t on short oolumns of exclhtaing er; 
this facilitated the flow through the column and perm ifted a raipid 
separation of proteins. C lean-cut elution of p ro te in  fraotions could be 
obtained w ith rela,tively sm ali am ounts of the exchanger and e luen t 
Solutions. W ith longer oolumns, the  separation was less distinet and  
lasted longer.

Enzymie activity. The data pertaining to the distribution and aotivity 
of alkaline phosiphaitase and /?-galactoisidase are sum m arized in Tahle 1. 
Galaetosidaise was found in all stra in s grown iin the  presence of lactose 
and was localized in peak  V I  of the  chrom atogram  eluted  ait ionic s treng th  
of 0.5 u. Могеоѵег, smali am ounts were present iin the peak I whiich, as 
already m entioned, contained all the proteins of the studied m ixture . 
Peak V  also contained tracę  am ounts of the enzyme, this, however, m ay 
be regarded as contamiination by the neighbouring fraction; a fte r  rechro- 
m atography, peaik V no longer contained any traces of th e  enzyme. The
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T a b 1 e 1

Distribution and activity of alkaline phosphatase and fi-galactosidase 
in protein fractions from  Propionibacteria

Proteins extracted from acetone-dried bacteria w hich had been grown on m edia  
containing glucose or lactose, w ere separated on  D EA E -cellulose colum n as 
described under M ethods. The enzym ie activ ity  in  protein peaks w as assayed  

on three com bined 15 m l. fractions indicated in the Table.

Materiał
łonie strength 

of eluent
(P)

Fractions no.
Protein 
concn. 

(gg. 'ml.)

Phosphatase Galactosidase

(activity/mg. protein)

P. shermanii (grown in lactose medium)
Crude centrifuged

extract 6200 15 106
Dialysed extract 5000 20 140
Peak I 0.002 3, 4, 5 750 110 800
Peak II 0.015 13, 14, 15 30 0 o
Peak III 0.050 27, 28, 29 85 125 o
Peak IV 0.100 40, 41, 42 115 600 0
Peak V 0.250 54, 55, 56 700 154 10
Peak VI 0.500 79, 80, 81 730 0 3760
Peak VII 0.750 98, 99, 100 220 0 0
Peak VIII 1.500 109, 110, 111 60 0 0
Peak IX 2.000 114, 115, 116 20 0 o

P. shermanii (grown in glucose medium)
Crude centrifuged

extract 6300 13 2
Dialysed extract 5300 16 3
Peak I 0.002 2, 3, 4 820 80 6
Peak II 0.015 14, 15, 16 35 0 0
Peak III 0.050 29, 30, 31 100 200 0
Peak IV 0.100 40, 41, 42 120 690 0
Peak V 0.250 53, 54, 55 710 100 0
Peak VI 0.500 80, 81, 82 750 0 0
Peak VII 0.750 96, 97, 98 250 0 0
Peak VIII 1.500 108, 109, 110 60 0 0
Peak IX 2.000 114, 115, 116 25 0 0

P. arabinosum (grown in lactose medium)
Crude centrifuged

extract 6100 20 120
Dialysed extract 5000 40 150
Peak / 0.002 3, 4, 5 800 120 750
Peak II 0.015 15 15 0 0
Peak III 0.050 26, 27, 28 50 0 0
Peak IV 0.100 37, 38, 39 65 0 o
Peak V 0.250 51, 52, 53 690 840 0
Peak VI 0.500 77, 78, 79 610 100 3900
Peak VII 0.750 98, 99, 100 200 0 30
Peak VIII 1.500 107, 108, 109 85 o 0
Peak IX 2.000 115 20 0 0
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activ ity  of galactosidase per mjg. protein in peak VI  was 30 to 40 tim es 
as high as in the crude pro tein  extract. Cohen and Monod [2, 8 ] dem on- 
s tra te d  the iinduction of /5-gałactosidase in normail s tra in s  of E. coli. 
S im ilarly, th e  faet that Propionibacteria grown in the lactose-contaiiining 
m edium  form  /?-galaetosidase seems to indicate induction of th is enzyme 
in Propionibacteria. In  the  glucose-containiing m edium  the stra ins studied 
did not form  galactosidase. The presenee of traces of th is  enzyme was 
p robab ly  due to  very sm ali am ounts of galactose present in the  com- 
m ercial casein hydrolysates used  for the  preparatioin of the culture media, 
which m ay have imduced form ation of some ^-galaotosidase.

The actiw ty  of alkaline phosphatase was found in  three o r tw o pro tein  
fractions; in  the  maiin peaks the activity per mg. pro tein  was 40 to  50 
tim es as high as in the crude protein ex tracts. Phosphatases from P. sher- 
manii, P. petersoni and P. freudenreichi w ere loeated in peaks III, IV  
and  V, the greatest am ount being present in peak IV. Phosphatase from 
P. arabinosum  was e lu ted  by a solution of a d iffe ren t ionic strength  in 
peaks V  and VI, the  m ajority  being found in peak  V.

The presenee of the  sam e enzyme in several protein fractions none 
of which oould be fu rth e r separated  on rechrom atography m ay be re -  
garded as confirm ation of heterogeneity of alkaline phosphatases. As 
regards P. arabinosum, th e  localization of phosphatase is another charac- 
teristic  in  respect to which th is  strain , known from  microbiologioal studies 
to possess some distinctive properties, differs from  other Propionibacteria.

SUMMARY

A m ethod was developed for separating  the proteins of Propionibac­
teria on DEAE-cellulose column employiing stepw ise ionic streng th  
gradient elution at constant pH. The proteins of fouir s tra ins of Propioni­
bacteria (P. shermanii, P. petersoni, P. freudenreichi  and P. arabinosum) 
were separated  each in to  nine fractions in which /?-galactosidase and 
alkaline phosphatase aetivity  were determ ined. /?-Galactosidase activity 
which was not present in Propionibacteria grown on glucose media could 
be induced w hen the bacteria were grow n on a lactose medium. The 
d istribution of phosphatase in P. arabinosum  w as d ifferen t from  th a t 
in the remaiming strains.
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ROZDZIAŁ BIAŁEK BAKTERII K W ASU PROPIONOWEGO NA CELULOZOWYCH
W YM IENNIKACH JONOWYCH

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

Opracowano m etodę rozdziału b iałek  baikteriii kw asu propionow ego na k o lu m ­
nach z D E A E -celulozą, stosując elu cję  buforam i o skokow o w zrastającej sdle jono­
w ej przy stałym  pH. Białka szczepów  P roplonibacter ium  sherm anli , P. petersoni,  
P. freudenreichi  i P. arabinosum  rozdzielono na 9 frakcjii, w  których oznaczono  
aktyw ność /L galaktozydazy i fosfatazy  alkalicznej. /?-Galaktozydaza nie w y stęp o ­
w ała  w  szczepach hodow anych na pożyw kach z glukozą, natom iast była in d u k o­
w ana podczas w zrostu bakterii na  pożyw kach 'zawierających laktozę. R ozm ieszcze­
n ie na chrom atogram ie fosfatazy było u P. arabinosum  iimne niż u pozostałych  
szczepów .

R eceived 15 A ugust 1964.
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ALINA TAYLOR and K. TAYLOR

ѴІ-PHAGE RECEPTOR PROPERTIES OF Vi-POLYSACCHARIDES 
ISOLATED BY DIFFERENT METHODS

The Biochemical Laboratory, Ins ti tu te  of Marinę Medicine, Gdańsk

It often  oocurs tha t biologically active m acrom olecular substances 
isolated by different m ethods show considerabl-e differences in  theiir pro­
perties. As far as th e  V;i-antige,n is concem ed, which is  a baoterial po ly- 
sacchariide composed m ainly of acetylated am  inog a lae turonie acid 
(2-amino-2-deoxy-D-gaLacturonić acid) [2], several isolation m ethods are  
known; m óreover, several bacterial species of Enterobaoteriaceae ma у 
serve as s ta rting  m ateriał. The most thnroughly h ith e ito  exam ined are  
tw o Vi-polysaecharide preiparations from  Escherichia coli, one isolated 
by Chemical fractionation by W ebster et al. [11], and the  oither by oonti- 
nuous flow electrophoresis by Jarv is et al. [3]. The antigenie, im m uno- 
genic and some physioal and -Chemical iproperties of these preparations 
w ere compared [5], but their activ ity  as Vi-phage receptors was no t 
studied. Our prev:ious paper on the  VL-receptor from Salmonella typhi  
indieated that no t еѵегу Vi-aintigenic m ateriał possesses the receptor pro- 
perties [8 ]. It seem ed therefore in teresting  to' е х а т іп е  the  receptor pro- 
perties of th e  preparations of Ja rv is  and  W ebster, and to  oom pare them  
w ith the  properties of a Yi-polysaccharide obtiained from the sam e bac­
teria l stra in  h y  a procedurę w orked out in  this Laboratory.

MATERIALS

V i -poi у sacc h-ar ide -preparation from  E. coli 5396/38, purified  by etha- 
nol fractionation in  th e  presence of high ooncentnations of sodium Chlo- 
ride and heating in 0.1 м-acetic acid [10], was kindly supplied by Dr. M a- 
rion E. W ebster (National H eart Institu te, Bethesda, U.S.A.) and  Dr. 
M. Landy (National Camcer Institu te, Bethesda, U.S.A.). This preparation 
is denoted as Vi-W, according to th e  established nom enclature [5].

Vi^polysaccharide p repara tion  from  E. coli 5396/38, purified by con- 
timuous flow electrophoresis [3], was kindly given by Dr. T. G. Jarv is  
(D epartm ent of Microbiology, Idaho U niversity, Pocatello, U.S.A.). This
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preparation :s denoted as Vi-J, according to the established nom enela- 
tu re  [5].

VLpolysaccharide preparation from  Salmonella typh i  21802 was p u r i-  
fied by chrom atography on ery throcyte strom a in  th is Laboratory [8 ], 
and is denoted here as Vi-T typhi.

Escherichia coli 5396/38, kindly sent by Doc. Dr. T. Lachowicz from  
the Hygienic Laboratory of the Arm y, Kraków, Poland, was used fo r 
preparation  of Vi-T by a procedurę described in th is paper.

Vi-phage II type A [1] was obtained from the  In ternational R e- 
ference Laboratory for Enteric Phage Tyiping, London, England.

Rabbit antiserum  against Paracolon ballerup (serum  anti-Vi) was p re- 
pared by the National Reference L aboratory for Enteric Phage Typing, 
Gdańsk, Poland, and  preseryed wiith 0.2% phenol.

Reagents : Kieselgel G according to S tahl (Merck, Darm stadt, W est 
Germany); ninhydrin, crystalline Ьоѵіпе serum  album in, and Celite 535 
(B.D.H., Poole, England); pancreatine (K and К  Laboratories, New York, 
U.S.A., lot 18896 F); tubiings for dialysis (Kalle, W iesbaden, W est G er­
many). O ther reagents w ere products of Fabryka Odczynników Chemicz­
nych (Gliwice, Poland).

METHODS

V i-receptor actiy ity  w as estim ated by the m ethod preyiously descri- 
bed [1 0 ].

P recipitin  test w as carried out a fte r  Landy & W ebster [6 ]. The protein  
in the precipitate was determ ined according to Lo'Wry et al. [7], crystalline 
Ьоѵіпе serum  album in being used as standard .

H aem agglutinin test was carried out as described in  the  preyious 
paper [8 ].

im m unoeleotrophoresis was carried  out as described preyiously [8 ] 
except th a t agar was prepared in 0 . 1  м-d iethy lbarb itu rate  buffer con- 
tain ing  5 mM-MgCl2.

Specific yiscosity was determ ined as described preyiously [8 ]. U ltra - 
yiolet absorption spectrum  was exam ined as preyiously except that Spek- 
trom om  201 (Huingary) speotrophotom eter was used.

Acetyl groups, aicid polysaiccharides and sugars w ere estim ated by 
the m ethods given preyiously [8 ].

Chromatoigraphy of hydrolysates was perform ed iin the fotlowing way. 
The Ѵінргерагаііоп, 3 mg., was heated w ith  conc. HC1 in  boiliing w ater 
for 2  hr., diluted w ith 2  ml. of distilled w ater and decolorized w ith  a 
smali ąuan tity  of charcoal. H ydrochloric acid was elim inated by threefo ld  
d istillation in ѵасио w ith  smali ąuiantities of w ater; the residue w as left 
oyernight over soda-lim e. Two-dimensional th in -layer chrom atography 
w as carried  out on plaites (75 X 120 mm.) coyered w ith Kieselgel G, d ried  
for 2 hr. a t  130°, 200 (ag. of the  hydrolysate being applied at a tim e.
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The chromratograms were developed twice in  the sairne d irection in  the 
system : n-butamol -  acetic acid - w ater ( 4 : 1 : 5 ,  by vol.), th en  once in 
the  o ther directiotn in  th e  system : jóhenol - w ater (4 :1 , v/v) w ith 0 .1 %  
cuipron. The spotis were looated w ith 0.3% solution of n inhydrin  in 
n -bu tano l acidified w ith acetic acid. One-dimensiomal th in -layer ch ram a- 
tography wais carried oiut on  ipliaibes (26 X 75 mm.), 100 pg. of the  hydro- 
lysate being applied a t  a  tim e. The chrom atogram s w ere developed 
tw ice in the system: n-butainol - acetic acid - w ater (4 : 1 : 5, by vol.) or in 
the  system : pbenol - w ater (4 : 1, v/v) with 0.1% cupron. The spots w ere 
looated w ith  an ilinę охаіаіе.

RF.SULTS

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

Preparation of acetone-dried bacteria. The bacteria (E. coli 5396/38) 
w ere cu ltu red  on 2 .5 %  agar m edium  on m eat broth containing l°/o o f  
peptone (M ikrokolor, Poland) in  P e tri dishes, 20 cm. i:n diem eter. T en  
tu rb id  bacterial oolonies giving strong agglutination w ith amti-Vi serum  
w ere suspended in m eat broth. A fter incubation a t 30° foir 1 hir., the  
suspension w as plated  oin P e tri dishes. A fter incubation at 30° for 20 hr., 
the bacteria were ąuickly  w ashed off from  the aigar su rf  асе w ith 15 ml. 
w ater and the suspension was immediaitely poured into 3 vol. of acetone. 
A fter 1  h r. the  suiperniatant wais decanted and th e  bacteria were -centri- 
fuiged a t 2200 g for 3 min. The sedim ent wais suspended in acetone and  
left overnight a t  37°. D uring th e  nex t 3 days acetone w as chainged daily, 
and the bacterial m ateriał w as subseąuently  a ir-dried . The yield  from 
25 P e tri dishes (i.e. from 5 litres of agar m edium) am ounted to aboot 
1 0  g. of acetoine-dried m ateriał.

Preparation of crude Vi-polysaccharide. One part (weigbt) of acetoine- 
-d ried  bacteria was shaken w ith  100 p a rts  of 0.9°/o NaCl solution for 
30 mim. a t  room  tem peratu rę  and  centrifuged for 15 min. a t 1 2  000 g. To 
the supernatan t, 3 vol. of acetone w ere added. The precipitate wais cen­
trifuged for 3 min. a t 2200 g, washed w ith acetone and dried. The yield 
of th is  preparation  am ounted to aibout 2 0 °/o of the  weight of d ry  bacteria. 
Exam ined in the  haem agglutin in  test w ith  anti-V i serum , it possessed 
aibout 2 0  itimes high er act'ivity per weight un it than  the oorrespomdimg 
m ateriał from  S. ty  phi [8 ].

Acetone precipitation at pH  5 and pancreatine digestion. The crude 
preparation, 3 g., was suspended in 30 ml. of 0.01 N-acetic acid an d  was 
shaken  for 1 hr. The yellowish fluid was ad justed  to pH 5 w ith 1 N-acetic 
acid, m ixed w ith  300 ml. of acetone, left for 1 hr. in the  re frigera to r 
and centrifuged at 2200 g for 15 min. The m active superna tan t was 
discarded and the sedim ent suspended in  170 ml. of PBS (phoisphate-
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-buffered  salinę: 0.80 g. NaCl, 0.22 g. KC1, 0.29 g. Na2 HiP04  • 12H2 0 , 
0.02 g. KH 2 P 0 4( 0.01 g. CaCb and 0.01 g. MgCl2 -6H20  per 100 ml.). 
Pancreaitine solution (100 mg./25 ml. PBS) wa:s added and the m ix ture  
was dialysed against 2 litres of PBS a t 39° in a rottating bag, under 
toluene, PBS being changed еѵегу hour. Aft er 4 h r. the m ix tu re  was 
dialysed oyennight against runn ing  tap  w ater, filtered  to гето ѵ е  the  
toluene, ad justed  to pH 3 w ith acetie acid and m ixed w ith  3 vol. of 
ethanol, and wiith sodiium acetate to 0 . 1 %  eoncentration. The m ix ture  
w as kept for 1  hr. in  the  refrigerator, th en  th e  sedim ent was collected 
by centrifuging at 2200 g foir 5 min., w ashed th ree  tim es w ith  90°/o 
ethanol, dissolved in aboiut 300 ml. of 0.1 м-NaCl and adjusted to p H  6  5 
w ith a solution of sodium bioairbonaite. If oipalescent, the nearly  eolo-ur- 
less solution was centrifuged for 30 min. at 18 000 g and the slight 
sedim ent was discarded. The elear solution was oompleted tio 1 litre  
w ith  0.1 м-NaCl and left in  the refrigerator, ready  for chrom atography.

Chromatography on erythrocyte stroma. The column, filled with 
humain erythirocyte strom a set on Celite 535 was prepaired as described 
in the preyious paiper [8 ], w ith th e  exception tha t a larger column 
(7 X 13.5 cm.) 'Ooutaining 100 ml. of strom a and 200 g. of Celite was used.

О.Ім-NaCl i Water

The preparation, 200 ml., was in troduced slowly into the  column, 
followed by 20 ml. of 0.1 м-NaCl. The column was left overnight to per- 
m it the  fu li adsorption of the  V i-polysaccharide .and w as then  elu ted  with 
0.1 м -NaCl; 50 ml. fractions of the effluen t were collected, the flow -rate 
being adjusted to one fraction per 8 -1 0  min. The effluent was tested 
for sugar by the  anthrone m ethod and  for Vi-substance by haem ag- 
g lu tination  with anti-V i serum  or by the turb id im etrie  m ethod. It is

Fig. 1. C hrom atography o f the crude prepara- 
biom o f V i-p o lysacсharide from E. coli on  the 
erythrocyte stroma - C elite 535 colum n. (SS), 
Haem agglutinaition; (□ ), contents o f suga.rs, esti- 

m ated by th e anthrone m ethod.Fraction no. (50 ml.)
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w orth  mentioniing itbait Ѵі-polyisaccbaride is not deteoted by the an-throine 
test, hence sugars estim ated by th is test correspond to contam inations. 
The elution was contiinued un til the effluent comtained no sugair, th en  
the colum n was eluted with bidistilled w ater (Fig. 1). The fractions 
containing the VXa-ctivi'ty were pooled, dialysed overniight -aigaimst 
d istilled  w ater and eoncentrated in ѵасио. A fter ladditkm of NaCl to 
obtain  0 .1  m  -con-cemit-raition, a sligbt ąuan tity  of the  insoluble was rem oved 
by centrifugatiom for 30 min. a:t 18 000 g. This pre-paraitiom did not oon- 
ta in  sugars detected by the ainthrone test, but still ipossessed a slight 
ąu an tity  of subs-tances reacting with th e  Folin reagent im the metho-d 
of Low ry et al. These substiainces were rem oved by subsieąuent rechro- 
m afography. The m ateriał obtained from  tw o chromatoigiraphic runs, in 
the volum e of 200 ml., was rechrom atographed. The active fractions 
w ere pooled, dialysed overnight against distilled w ater, ccincentrated 
in ѵасио to a volume of 2 0  ml. and m ixed in the w id  successively with 
20 ml. of 6  м-formie acid, and 120 ml. of ethanol. As there  was no- preci- 
p itate  at this stage, 2 0 0  ml., of ethyl e ther were added in the co Id, and 
the m ixture  left for 1 hr. in an ice bath. The precipitate formed after

Fig. 2. UV-S!peotrum o f the V:-p-oly-s>a'Ccharide 
preparafiom fr-oim E. coli purified by chrom ato­
graphy om erythrocyte strom a (Vi-T). Comda- 

tions: 0.2'5°/o w ater solution, 1 cm. celi.
Waeelength (mg)

the additkm  of ethyl e ther was spun down, dissolved in 2 0  ml. of waiter, 
dialysed against distilled w ater to r 2 days, centrifuged for 30 min., a t 
12 000 g and lyicphilized. This prepara-tkm was ealled Vi-T; its yield 
am cunted to about l°/o of the d ry  bacterial weiight ain-d was 2 0  tim es 
higher th an  tha.t of Vi-T tyiphi [8 ].

Some properties of Vi-polysaccharide preparations

Vi-T did no t comtain pro-teln, sugars detecta-ble by the ainthrone test, 
nor contam inations derived from nucleic acids: it did not show any peak 
at 260 mg (Fig. 2). The preparation  pcssessed 19% of acetyl gro-ups.
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Its  specific visooisi(ty am ounted to 0.48. The specific vLsoosities of Vi-W, 
V i-J and Vi-T typhi am ounted to  0.37, 1.04 and 0.24, respectively, in 
agreem ent w ith  the data found in the  litera tu rę  [11,3,8].

All four ipreparatiionis were subjected <fco hydrolysis w ith  conc. HC1. 
Two-dimensioinal th in -layer cbromaitograms of the hydrolysates were 
sprayed with n inhydrin (Fig. 3). The most intensive spot on all chrom ato­
gram s corresponded to am inogalacturonic acid, the m ain component of 
the preparatkm s examined. In all chrom atogram s a distinct yellow  spot 
correspomding to  an  unidentifded substance w as fouind. The chrom ato­
gram s of Vi-J, Vi-T and Vi-T typhi hydrolysiates w ere a 1 most identical, 
while the Vi-W preparatiom contained a larger num ber of components. 
The chroimatograms of hydrolysiates olbtained in m ilder conditions 
(4 N-HC1, 17 hr., 100°) contained all ninhydriin-positive sipots shown in 
Fig. 3 except the  unidentified yellow spot, which m ight re  present an 
artifac t due to the drastic  hydrolysis conditions. The am inogalacturonic 
acid spot Was m uch fain ter than after hydrolysis w ith coinc. HC1.

One-dim ensional th in-layer chrom atogram s of the coinc. HC1 hydro­
lysates developed in the tw o solvent Systems and sprayed w ith  anilinę 
oxalate showed only the  am inogalacturonic acid spot.

The exam ination of the antigenic activity by the quantitative preci- 
p itin  test (Fig. 5) showed that the  four preparations are  nearly  equi- 
valent as regards their bindirff' of Vi-antibodies.

The im m unoelectrophorogram s of the p repara tions are show n in 
Fig. 4. Each preparation  comtained two fractkm s aintigenically identical 
but differiing in electrophoretic mobility, which m ay be rela ted  to 
differences in  the ir m olecular weight. V i-J and Vi-T, isolated by 
different methods, gave very  sim ilar resu lts. The strong inflection of 
the precipitin  bands of the slower moving fractioin of V i-J and Vi-T 
m ight indioate the ir high m olecular weight. It is w orth to  recall that 
the receptor activity was found only in th e  slow er moving fraction of 
Vi-T typh i [8 ]. W hen the  electrophoresis was perform ed as presented 
in M ethods but w ith MgCl2  om itted, the separation of the fracticms 
w as somewhat less distinct. The addition of sodium versenate to 5 jt.m 

concentration resu lted  in the trailing  of the preparation during electro­
phoresis.

Vi-phage receptor properties of Vi-po]ysaccharides

Till now, the  ability  to bind Vi-phage II was studied on the  Vi-poly- 
saccharide from S. typhi. In the present study, th ree  Vi-ipreparations 
from  E. coli (Vi-W, V i-J and Vi-T) w ere exam ined and com pared with 
a Vi-T typhi preparation. A lthough all fo u r p reparations Ihiad similar 
antigenic properties, they showed differences in receptor activ ity  to Vi-
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Fig. 3. T wo-dim etnsionai th in -layer сhroimatog raphу o f the hydrolysis products 
o f Vi-polysQicchairide prepairatioin® (conc. HC1, 2 hr., 100°). I d irection: n -butanol - 
acetic acid -  w ater ( 4 : 1 : 5 ,  by vol.), tw ice; II direction: phenol - w ater (4 :1 , v/v) 
and 0.1% o f cupron. The spots w ere looated w ith  niinhydrin. (1), Brown spot o f 

amiinogalaicturonLc acid; (2), ye llo w  sp o t; other spots w ere v iolet.

Fig. 4. Im m unoelectrophorograrns o f V i-polysaccharide preparations iin agar gel, 
pH 8.6, developed w;ith anti-Y i serum.

ACTA BIOCHIM. POLON., vol. XII, 1965 tfacing p. 128).
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-phage II (Table 1). Vi-W exhibited no act:ivity; Vi-T and V i-J both 
possessed considerable receptor activ ity  buit it was m arkedly lower thain 
in  V i-T typh i.

T a b l e  1

Receptor activity of Vi-polysaccharide preparations 
The figures represent m ean values from  tw o  estim ations. For conditions see text.

Preparations Receptor activity 
(units/mg.)

Vi-W 0
Vi-J 185
Vi-T 270
Vi-T typhi 500

Fig. 5. Preclpitaition o f  Ѵі-polysiaccharide preparations by the sam e ainti-Vi iserum.
(■ ), Vi-W ; (O ), V i-J; ( • ) ,  ѴІ-Т; (□ ), Vii-T typhi.

The V i-polysaccharide isolated from  S. typhi  loses its receptor activ ity  
in the  course of ineubation w ith V i-phage II, probably a;s the resu lt of 
the  phage enzym e action [4]. To find w hether the Ѵі-гесѳріог isolated 
from E. coli also undergoes th is process, the p repara tions (100 recep to r 
units/m l.) were ineubated w ith  V i-phage II (2 X 101 1  pairticles/ml.) in 
0.1 M-ammonium acetate at 37°. Еѵегу 15 min. a sample was taken , 
heated  for 2  m in. a t 1 0 0 ° to inactivate the phage, and the recep to r 
activity was estim ated. For th e  detailed descriptioin of the prooedure 
see [9]. The resu lts  of these experim ents (Fig. 6 ) indicate th a t the VI- 
-receptor from  E. coli is also destroyed by V i-phage II. The initial ra te s
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of the destruction of the V i-receptor activity  were differemt and 
am ounted approxim ately to  40, 50 and 60 receptor units per ml. per 
30 min. for Vi-J, Vi-T and Vi-T typhi, respectively.

DISCUSSION

The degree of purification of th ree  preparatioins from E. coli (Vi-W,. 
V i-J and  Vi-T) and one from S. typhi  (Vi-T typhi) was roughly sim ilar 
as cain be concluded from  their antigenic act;ivities in the  precipitin  
test. The chromaitographical exam'imation of th e ir  acid hydrolysates 
show ed great sim ilarity of the Vi-J, V i-T and Vi-T typhi preparations,. 
w hile Vi-W  had a larger mumber of ninhydrin-positive com ponents. The 
sim ilarity  of V i-J and Vi-T, iprepaired from  E. coli by d ifferent methods, 
to  Vi-T typhi suiggests a high degree of purity  of fhese preparations; 
the  ninhydrin-poisitive components seem to' correspond to the oompo­
nents of the  native Vi-macrocomplex. The sim ilarity of V i-J and Vi-T 
is confirm ed by the resu lts  of im mu noe 1 e ctrophor e si s ; on th e  o ther hand, 
the u ltraviolet absorption spectrum  slhows that Vi-T in comtrast to  
V i-J [3], is not cointaimiinated by nucleotides.

W ebster et al. [12] exam ining the Vi-W  preparation by free electro- 
phoresis dem onstrated its hom ogeneity; also the V i-J preparation  was 
found by Jarv is et al. [3], applying continuous flow electrophoresis, to 
be homogeneous. On the o ther haind, th e  sam e preparatioins w hen 
siubjected to  im m unoelectrophoresis in aga.r-gel revealed th e  presence 
of two fractions each. This discrepancy reąu ires  fu rth e r exam ination.

It is very  difficult to  ascertain the native state  of Vi-T. This p repara­
tion cannot be com pared w ith Vi-W because the la tte r  w as shown to 
undergo partial depolym erization a;nd deacetylatiioin during isolation [5], 
but it can be compared wiith Vi-J. However, V i-J was obtained from  
bacteria growing in liąuid medium while Vi-T was isolated from
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bacteria growing o>n solid m edium  and th is could have an effect on the 
polym erization degree. The acetyl group comtents are diffiicult to com- 
pare owing to the  d ifferent m ethods used for their estim ation. The mild 
procedurę of Vi-T isolation and the high receptor a c tm ty  of 'this prepara- 
tion may speak for i ts  native state .

The resu lts  of receptor activity estim ations deserve special attention. 
It has been shown th a t in spite of its high antigenic activity, Vi-W  does 
not bind Vi-iphage II a t all. It seems th a t th is is  due to the isolation 
procedurę. A drastic  drop in receptor a c tm ty  w as observed in the 
course of heating w ith  acetie aeid [8 ] which oonstitutes an essential s tep  
of Vi-W isolation.

In fu rth e r exper:m ents i t  was fournd th a t the  preparations from  
E. coli possessing the receptor activity (Yi-J and  Vi-T) are losing th is  
a c tm ty  during incubation w ith Vi-phage II, sim ilarly as Vi-T typhii. 
Somewhat d ifferent ra te s  of destruetion of the  receptor activ ity  of the  
preparations m ay be connected w ith the ir d ifferent viscosities, the lower 
ra te  corresponding to m orę viscous Solutions. Should the  destruetion of 
receptor activity  due to  phiage action be an enzymie reaction, which 
however is no t yet proved, all the three active preparations could be 
regarded as substra tes of the same phage enzyme.

The authors w ish to  express their cordial tha’nks to  Dr. M arion E. W eb­
s te r from the  N ational H eart Institu te, Bethesda, U.S.A., Dr. M. Landy 
from  the N ational Cancer Institu te, Bethesda, U.S.A. and Dr. F. G. Ja rv is  
from the D epartm ent of Microbioiogy, Idaho. U niversity, Pocatello, 
U.S.A. for the sam ples of th e ir V i-preparations; to Doc. Dr. T. Lachowicz 
for sending the stra in  of E. coli 5396/38; and to Prof. Dr. Z. Buczowski 
for this interest, throughout the experim ents. We are also indebted to  
Mrs. J. Żabina and Mrs. J. Starczew ska for their valuable technical 
assistance.

Highly purified  V i-polysaccharide was isolated from  Escherichia coli 
5396/38 by colum n chrom atography on hum an ery throcyte strom a se t 
on Celite. This p reparation  (Vi-T) was com pared with two Ѵінроіу- 
saccharide preparations from the same bacterial s tra in , one isolated by 
W ebster et al. by chem icai fractionation (Vi-W). the o ther isolated 
by Jarv;s et al. by continuous flow electrophoresis (Vi-J). V i-J and Vi-T 
possessed recep tor activity  in rela tion  to Vi-phage II but Vi-W was 
inactive. V i-phage I|^;' w hen ineubated w ith V i-J o r Vi-T, destroyed

SUMMARY

their receptor a c tm ty .?
Lomnc

Nr inw.
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W ŁASNOŚCI RECEPTOROWE WIELOCUKRÓW Vi IZOLOWANYCH  
RÓŻNYMI METODAMI

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

Z bakterii Escherichia coli 5396/38 w yizolow ano znacznie oczyszczony preparat 
w ielocukru VI m etodą chrom atografii na błonkach krw inek, osadzonych na celicie. 
Preparat ten  (Ѵіі-Т) porów nano z dw om a preparatam i w ielocukru  Vi, otrzym anym i 
z tego sam ego szczepu bakterii, a m ianow icie z preparatem  otrzym anym  m etodą  
chem icznego frakcjonow ania przez W ebster i  w sp. (Vl-W) i z preparatem  otrzym a­
nym  metodą elektroforezy ciągłej przez Ja,rvisa i w sp. (Vi-J).

Preparaty V i-J  ii ѴІ-Т posiadały aktyw ność receptorow ą w stosunku do bakterio­
faga Ѵі II, natom iast preparat V i-W  był tej aktyw ności pozbaw iony. B akteriofag Ѵі II 
inkubow any z preparatam i V i-J  i  V i-T  n iszczył ich aktyw ność receptorową.

R eceiyed 27 Septem ber 1964.
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M. HILLAR and W. RZECZYCKI

INTERACTION OF MACROCATIONS AND MACROANIONS 
WITH MITOCHONDRIA

D ep ar tm en t of B iochem istry , M edica l School, Gdańsk

A num ber of investigators have repoirted an inhibitory effect of 
basie proiteins, as protam inę, histones, lysozyme, ribonuclease [17, 18], 
o n  the enzym es of m itochondrial resp ira to ry  chain as well as the ir 
uncoupling effect on oxidative phosphory 1 ation [3, 19, 12]. In th is labora- 
to ry  a m itochondrial basie protein (MBP) has been isolated by Rzeczycki 
et al. [2 1 ] from  hog kidney, and. its inh ib itory  effect on electron transport 
w as demonstraited [20]. Wolfe & M cllw ain [23] have dbserved th a t in 
brain  slices in the  cold the m igration of histones from  imiclei to  the 
subcellu lar p a rt  iol es ocours, and repo rted  th e  inhibitory effect of 
histones [13,23] and  protam inę [15] on electric excitability. As the 
excitabiMty co-uld be resto red  by polyacidic moleouiles o r aggregates, 
o.g. gangliosides, M cllwain [15] assum ed the bondiing of protam inę to  
the acidic components of the subcellu lar particles.

The inhibitory effect on  electron tran sp o rt and uncoupling of oxi- 
dative phosphorylation by basie proteins m ay be due to  the  binding of 
these miacrocations to  m itochondria. This could also- influence m ito- 
chondriial swelling. Recently [4] we have dem onstrated  th a t m itochondria 
can bind basie proteins. This binding was оѵегсоте by ganglioside and 
high salt concentrations and  seems therefore  to be of an  ionic character. 
In  the  present work, the effect of m acrocations and m acroanions on 
m itochondrial sw elling was studied.

MATERIALS AND METHODS

W istar albino naits were starved  for 24 hr., then killed by decapita- 
tion. L iver and kidney m itochondria w ere prepared in 0.25 м-siucrose - 
-  0.04 M-tris-HCl buffer, pH 7.4. M itochondria w ere centrifuged betw een 
800 and 7000 g, washed th ree tim es and resuspended in sucrose-tris 
solution.

Sw elling of m itochondria was followed at room tem peratu rę  by 
m easuring th e  decrease in ext:nctioin at 520 mg [6 , 9], 1 cm. ligh t-path
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cuvettes and Unieam spectrophotom eter being used. The following 
Solutions were added to  the cuvette: 10-100  m-1. of substainces inducing 
swelling; aind 1 0 - 1 0 0  ul. of basie protein; the volum e was m adę up to 
2.9 ml. w ith 0.33 м-sucrose - 0.04 м-tris  buffer, pH 7.4 [6] or 0.125 m-KCI- 
-  0.04 M-tris, pH 7.4 [9], thein a t zero tirne 0.1 ml. of su itab ly  diluited 
m itochondria (about 500 jjg. protein) was added. Iniitial extinctioin w as 
about 0.6. The extiinction was m easured еѵѳгу 2 min. during  30 min. of 
incubation.

Binding of m itochondria! basie protein and muciin to m itochondria 
was determ ined as described previously [4].

Mitochoindrial basie protein  (MBP) was p repared  from  hog kidney  
as described ;previously [21], w ith a slight modification. To precipitate 
pro tein  by tainnin from  the sulphosalicylic acid ex traet, tann in  to 
p ro tein  ra tio  2 0 : 1  was used instead of 2 :1 , because ii,t aippeared necessary 
to apply greater coneentration of the  tannin  preparation  (Friedrich 
A ugust Thin, Germany) used in th is work, to obtadm satisfactory prec i- 
p ita tion  of protein.

Ganglioside w as prepared from  Ьоѵіпе braiin as described by M cllw ain 
[14]. H ydrolysis of the gainglioside was cairried out in 0.1 n-H 2 S 0 4  a t 80° 
for 1 hr., foliowed by dialysis [15]. The ganglioside p repara tion  contained 
26% of sialic acid before, and 7% after hydrolysis. M ucin wias p repared  
from  Ьоѵіпе subm axillary glands according to Nisizawa & Pigm an [16]. 
The p repara tion  oomtained 13% of sialic acid. Ribomuclease, lysozyme, 
and  protam inę sulphate were commerciial produets (B.D.H, Eniglaind); 
ascorbic acid (Politechnika Śląska, Poland); L-malic acid (Light, 
Englaind); succinic acid (Eisenach, Germ any); phosphate-N a (Хепоп, 
Poland); glutathione reduced (Biuro O brotu Odczyninikami, Gliwice, 
Po land).

P ro te in  in  m itochondria was determ ined by the b iuret m ethod [8 ]. 
Sialic acid was determ ined w ith the orciniol reagent, using as s tan d ard  
N -acetylneuram inic acid prepared  according to M artensson, Raal 
& Svennerholm  [11] from  serum  proteins.

RESULTS

To characterize the  effect of basie proteins on mitochoindrial swelling, 
we have imtroduced an index, k20, caloulated from the extinction values 
a fte r  2 0  min. incubation, according to  the  eąuatiom:

, Einh Bind
^ 2 0  =  —  ----

Bsp — Bind

w here E inh is the  extinction value for m itochondria ineubated w ith both 
inducer aind inhibitor of swelling; E ind, th e  extinction value for m ito­
chondria ineubated w ith inducer only; and Esp, the extinction value for
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spontaneous swelliing, the sam ple being incubated also for 20 min. The 
extinction  values a fte r  2 0  min. ineubation were corrected for z ero-t im e 
d ifference in extinction in rela tion  to control. For instance, for calcula- 
tion of Tc2o for the  mitoohoindrial basie protein  presented in Fig. la, the  
respective extinction values were: Einh =  0.52 — 0.06 (correction) =  0.46;

0.46 — 0.32
£ ind =  0.31 +  0.01 =  0.32; Esp =  0.56. Hence k20 =  Q ^  =  0.58,

approxim ately 0.6. When the  value for k20 is 0, .this indicates lack of
inhibitory  or stim ulating effect on induced m itochondrial swelling: k2o 0

indicates enhanoed sw elling of m itochondria; 1 І> k20 І> 0  indicates in ­
hibitory  effect on induced swelling; k20f> 1  indicates inhibition not only 
of induced but also of spoin,taneoais swelling.

Jncubation (min.) Jncuba Tion (min.)

Fig. 1. Effect o f baisiic proteins on the sw ellin g  o f rat ѣіѵег 'mitochondria induced  
by: (a), 1 т м -ascorbaite; (b), Юішм reduced g lu ta th ion e; (с), 1 т м -succinate. Mediuim:
0.33 м-sucrose - 0.04 м-triis buffer, pH 7.4. (-----------), Spontianeous sw ellin g; (------),
sw elling  agent alone; (--------- >, w ith  the additdon o f: (I), 40 pg. protam inę suLpharte;
(11), 100 pg. m itochondrial basie protein; (Ul) , 100 pg. lyisozyme; (IV), ribomucleaise, 

100 pg. in  exper,im ent a, and 300 pg. in expeirim ents b and c.

The effects of basie proteins on swelling of ra t Ііѵег m itochondria 
induced by ascorbate, reduced glutathione and  succinate, are illustrated  
in Fig. 1 . Table 1 gives fhe k 20 values both for the  Иѵѳг and kidney 
mitochondria, which ranged  from —1,2 to  +3.1. The values varied from
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T a b l e  1

Effect oj basie proteins on induced swelling oj rat Ііѵег 
and kidney  mitochondria

Figureis represent values for index k 2o characterizing the effect o f basie proteins 
on induced mitochondrdal sw elling  after 20 min. ineubation (for details see text).

Swelling agent Basic protein (p.g.)

Liver mitochondria Kindey 
mitochondria 

in 0.33 м-sucrosein 0.33 м-sucrose in 0.125 M-KC1

Succinate, 1 тм Protaminę 40 1.8 0.5
100 1.0 3.1

MBP 100 0.4 0.0 0.9
Lysozyme 100 0.4
Ribonuclease 100 0.0 0.7

300 0.0 —0.2

Malate, 1 т м Protaminę 40 1.4
MBP 100 0.1
Lysozyme 100 0.6
Ribonuclease 100 —0.1

300 —0.2

Ascorbate, 1 т м Protaminę 40 1.1 0.5
100 0.7 2.0

MBP 100 0.6 0.9
200 0.3

Lysozyme 100 0.4 0.5
Ribonuclease 100 —0.3 0.5

200 0.3

Phosphate,
16 тм Protaminę 40 1.1 0.5 1.0

100 1.0 0.7 0.9
MBP 100 0.0 —0.6 0.8

200 0.0
Lysozyme 100 0.0 —1.2 0.7
Ribonuclease 100 —0.4

300 —0.5 —0.2 0.2

Glutathione re- .
duced, 10 т м Protaminę 100 1.2

MBP 100 0.5
Lysozyme 100 0.7
Ribonuclease 100 0.0

300 0.0

one experim ent to another but they gave a rough idea of the effect 
pnoduced by basie proteins. The greatest inhibitory effect on induced 
swelling in all experim ents was exerted  by protam inę, next by MBiP 
and lyisozyme; ribonuclease e ither had no effect at all or even stim ulated
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the  sw elling. Comparison of values obtained from parallel experimemts 
carried  ou t im 0.33 м-sucrose and 0.125 м-KCl media showed th a t in 
ionic m edium  the iinhibition of swelling by basie proteins w as moich 
sm aller. In  sucrose m edium  th e re  w as an inerease in extinction a t zero 
time, especially  w hen m itochondria w ere added w ith protam inę otr MBP 
(Fig. la). This was not obseryed or observed to a lesser degree in ionic 
m edium .

The effect of ganglioside on the 'iinhibition by MBP and protam inę 
of spontaneous swelling is ipresented in Fig. 2; no inhibition of swelling 
was obseryed w hen the ganglioside was added together with the protein 
(curves IV  and  V) and ą reversal of inhibition occurred w hen it was 
added a fte r 4 miiin'. of ineubation of m itochondria w ith  protam inę 
(сигѵе III). I t  was also obseryed th a t ganglioside as well as mucin 
stim ulated  swelling (Fig. 3). W hen .the greatest p a rt of siailic acid present

Fig. 2. E ffect o f ganglioside on the basie protein-produced inh ib ition  o f spontaneous 
sw ellin g  o f  ra t ііѵег m itochondria. M edium : 0.33 м-sucrose - 0.04 м-tris buffer, pH 7.4.
(-----------), Spontaneous sw elling; (I), 40 |xg. protam inę su lphate; (II), 100 ng. m ito-
chondrial baisic protein; (III), 40 pg. protam inę sulphate and 200 (xg. ganglioside  
atdded at the fourth m inu tę (indicated w ith  arrow); (IV), 40 fig. protam inę su lphate  
and 200 p,g. ganglioside added at zero tim e; (V), .100 ng. m itochondrial basie protein  

and 300 ng. ganglioside added at zero tim e.

Fig. 3. E ffect o f  ganglioside and m ucin on sw ellin g  o f rat Ііѵег mitochondrŁa.
M edium: 0.33 м-sucrose -0 .04 м-tris buffer, pH 7.4. (-----------), Spontaneous sw elling;
(I), 100 hS- ganglioside; (II), 200 Hg- ganglioside; (III), 400 Hg- ganglioside; (IV),

200 Hg- m ucin.

in the ganglioside was rem oyed by bydrolysis im 0.1 N-H2 SO/t a t 80° for 
1  (hr. and dialysis, the  ganglioside became unable to oyercome the  
inhibition produced by  basie proteins (Fig. 4). This indicated th a t the  
reversal was due to  the presence of acidic compounds, i.e. sialic acid in  
a ganglioside.
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The experim ents repotrted above suggest th a t binding of basie pro­
teins to  mlitochondria w as responsible for their effects on swe 1 ling. The 
reversal of these effeots by m aoroanions oan be explained by the ir in te r- 
aotion w ith basie pro teins bound to  m itochondria. The resu lts of ехрегі-

Jncubation (min.)

Fig. 4. E ffect o f native and hydrolysed  
ganglioside on the inhibition by protam inę  
of isipontaneous sw ellin g  o f rat Ііѵег imito- 
chondria. M edium : 0.33м -suc-rose - 0.04 m-
-tris buffer, * pH  7.4. (-----------), Spomta-
neous sw elling; (—  -----), 50 |4,g. protam inę
sulphate: (I), alone: (II), w ith  200 ng. h y- 
drolysed ganglioside (7% sia lic acid); (III), 
with 200 ng. native ganglioside (26% sialic 

acid).

Fig. 5. L inear p lo t o f the L angm uir equa- 
tion from experim ental data for binding  
of mitochoindrial basie protein to m ito- 
chondria at pH 8.0. (c), A m ount o f MBP  
added to th e  ineubation  m ixture; (a), 
amount o f M BP bound to m itochondria;

1 * В
tga eąuals — and the segm ent b is  —. For

d eta ils see text.

m ents on the binding of MBP to mito^dhondria w ere in agreem ent w ith 
the adsorptioin eąuation gtven by Langm uir [7]. The theoretical Lang­
m uir iplot was caloulated for MBP adsorbed at pH 8  from  the eąuation:

с
a — a0 —В — с

w here a is the am ount of bound MBP; c, 'the am ount of MBP added 
to the ineubation m ixture. Coefficients a0  and В were caloulated graphi- 
cally using linear plot for th e  transform ed eąuation:

с _  В с
Cl do do

Fig. 5 presents this plot obtained from experim ental data for binding
of MBP to m itochondria. The values for coefficients a 0  and В were 172
and 141, respectively. Yarying hydrogen ion concentrations had but

[gj
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Fig. 6 . Biindimg o f  m itochondrial baisic protein to rat Ііѵ-ѳг m itochondria ( • ) ,  at 
pH 6.0 and (O ), at pH 8.0; (Л ), theoretical curve -calculated from the Lamgmuir

eąuation  [7].

Fig. 7. B inding o f  rmicim to rat Ііѵег m itochondria ( • ) ,  at pH 6.0 a:nd (O), at pH 8.0.

a slight effect on the  shape of the cu:rve (Fig. 6 ). As  it has been observed 
th a t ganglioside and m ucin stim ulate miitoehondrial swelling, binding 
of m ucin to  m itochondria was examined. The resu lts  of experiiments 
show n in  Fig. 7 indicate that m ucin is also boiund to  m itochondria 
although to  a sm aller ex ten t th an  MBP.

The m itochondrial m em branę which consists (acoording to Green & 
Fleischer [2 ]) of phospholipids surrounded by s tru c tu ra l protein, pos- 
sesses both negative and positive charged groups aind can bind acidiic 
a,s well as basie macroions. Changes in the s true tu re  of the m itochondrial 
m em brane affect the m etabollc processes of m itochondria, and the inhi­
bitory effect on oxidoreduction processes and uncoupling of oxidative 
phosphorylation by basie proteins are generally accepted [17, 18, 19, 12]. 
According to some aiuthors, there is a cloise oonnection betw een the oxido- 
reduction and  m itochondrial swelling, as KCN, A ntim ycin A, and A m ytal 
inhibit both electron transport and swelling. On the  o ther band, un ­
coupling agents such as thyroxine, calcium  ions o r dinitrophenol (1 0 0  m-m ) 

stim ulate swelling [5]. Thus it  seem s ѵету likely that the  effect of basie 
proteins on oxidoreduation processes in m itochondria m ay find its  re -  
fleotion m  th e  swelling too. This la tte r effect was observed in our ехрегі- 
m ents. The initial inerease in  absorbancy a t 520 mg observed w hen the 
m itochondria were ineubated w ith basie proteins, m ay be explained 
either by rap id  oontraction or, w hat is m ore probable, by binding of basie

DISCUSSION

http://rcin.org.pl



1 4 0 M . H IL L A R  a n d  W . R Z E C Z Y C K I [8]

proteins to m itochondria which changes their light absonptkm. O ur 
earlier experim ents [4] indioated th a t binding of basie proteins to m ito - 
chondria does occur, but they did not exclude the possiibility of m ito - 
chondriial comtraetion. The in teraction betw een the aeidie com ponents 
of miitodhondriia and basie pro teins is electrostatic, as shown by ехрегі- 
m ents w ith various concentratioms of KC1 and macroainions [4]. This 
binding supports the assum ption of mamy authors who are  try ing  to 
ехріаіп in  th is  way the inihibition of the oxidation-reduction reac tion  
[10,22]. Siuch a relationship  betw een the  aeidie groups of brain tissue, 
basie pOłlypeptides and poły aeidie molecules has been proposed by 
Mcllwaiin [15]; a sim ilar medhandsm could be accepted fo r binding of ba­
sie protein to m itochondrial m em branę and  its reversal by maoroamions. 
Binding by m itochondria 1 m em brane of m acroanions (Flig. 7) and th e ir
stim ulating effect on swelling (Fig. 3) also suggest the possibility of
aeidie macroions influeneing th e  m itochondrial metaboliism. It seem s 
very  probable th a t basie [protein natu ra lly  occurring in  m itochondria [2 1 ] 
m ay be bound w ith the  nega:tive chairged igroups present in  m itochondria.

SUMMARY

It was shown that basie pro teins inhibit both induced and spontaneous 
swelling of m itochondria. This effect can be оѵетсоте by the  addition 
of macroanionic compounds, as ganglioside and mucin, which, When 
added alone, promote m itochondrial swelling. The effect of basie proteins 
is due to  th e ir  bindiing to m itochondria.
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WPŁYW MAKRO KATIONÓW I M AKROANIONÓW  NA M ITOCHONDRIA

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

W ykazano ham ujący w p ływ  białek zasadow ych na sam oistne oraz indukow ane  
pęcznienie miitochondriów. E fekt ten daje się usunąć przez dodatek m akroanionów  
jak gangliozydu lub m ucyny. Gangliozyd i m ucyna sam e stym ulują .pęcznienie. 

W pływ  białek zasadow ych spow odow any jest w iązaniem  ich do. miitochondriów.

R eceived 3 N oyem ber 1964.
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T. BORKOWSKI, H. BERBEĆ and HALINA BRZUSZKIEWICZ

CHANGES IN CHEMICAL COMPOSITION OF ISOLATED RAT 
BRAIN AND LIVER NUCLEI

D ep ar tm en t of Physiological C hem istry ,  Medical School, Lublin

Several m et a boi ic reactions bave been observed in nuclei isolated 
from  oalf thymuis, e.g. inoorporatiom of labelled amino acids iinito pro tein  
[1, 2, 5] and of oroitio acid and adenine into m iclear RNA [3, 5, 9]. The 
same reactions w ere  foumd to  occur in isolated ra t  Іііѵег [17] aind kidney 
[16] nuclei.

In  o u r earlier experim ents concerning th e  m etabolism  of RNA in the  
cen tral nervous system , a ra th e r  rapid  turnioveir of RNA in brain nuclei 
has been observed [6 ,7 , 13]. In  the present work, ohemical changes 
occurring  in nuclei in vitro  w ere studied.

MATERIAŁ AND METHODS

For th e  expeniments, adult albiino ra ts  of the  W istar s tra in  were 
used. For eaeh experim ent 10 anim als were decapitated  and the  brains 
and  livers rem oved. The brains were homogenized in a 'Potter homo- 
genizer in  1.5 м-sucrose - 5 тм-СаС1 2  solution and the inuclei sedim ented 
by centrifugation a t 20 000 g for 60 min. The details of the procedurę 
have been desoribed previously [15, 6 ]. L iver nuclei were prepared im 
2 . 2  м-sucrose solution according to the method of Chaiuveaiu et al. [1 0 ]. 
The obtained nuclei preparatioms w ere exam ined w ith a phase-contrast 
microscope. Consumption of oxygen was m easured in the  W arburg appa- 
ratus.

The isolated nuclei were ineubated at 37° in isotonie sucrose solution 
buffered w ith tris  [12] o r phosphate [4, 5]. In  experim ents in which the 
nuclei were labelled in vivo, m edia w ith  phosphate or tris  w ere 
used; im experimemts on the  incorporation of 32P in vitro, only 
the tris-oontaining m edium  was used. The incubation m ix ture  A  con- 
taining phosphaite buffer, pH 7.4, was composed of: 1.0 ml. 0.1 м-iphos- 
phate - 0.25 м-sucrose; 0.8 ml. 0 . 1  м-glucose containiing 85.7 м-moles NaiCl 
and 21 umoles MgCl2; 0.2 ml. 2.5 т м -ATP-Na or 0.2 ml. H 2 0 ;  2.0 ml. 
nuclei suspension in 0.25 м-sucrose containing 10 umoles CaCl2. The
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incubaitkm m ixture  В  containing tris  buffer, pH 7.4, was composed of:
0.7 ml. 0.2 м-tris - 0.25 M-sucrose; 0.6 ml. 0.1 м-glucose ccintaining 64.2 
umoles NaCl and 15.8 umoles MgCl2 , o r 0.6 ml. glueose containing 134 
umoles NaCl; 0.1 ml. [3 2 P]Na 2 H P 0 4  (30 uc) o r 0.1 ml. 1.5% SDS; 1.6 ml. 
nuclei suspension in 0.25 м-su er os e containing 10 um oles CaiCl2  o r 160 
umoles EDTA. RNA, DNA, free nucleotid.es and phospholipids w ere 
assayed before and a fte r ineubation by the  m ethods described previoiusly 
[14, 8 , 6 ]. The dry weight of the residue remaiinimg after ex traction  of 
lipids and acid-sotuble compoumds, was tak en  as protein. W hen th e  
m edium  was also to  be anailysed, the suiąpension of nuclei w as divided 
into tw o eąual parts; one was added to  the ineubation m ixture  and 
ineubated for 1  hr., the  o ther was im m ediately eentrifuged  a t 0 ° and 
the obtaimed sedim ent and super na taint were amalysed, givim,g tihe zero- 
-tim e yalues. Radioaetivity was assayed in  a layer of wet 'preparation 
by a G eiger-M uller coiuinter w ith a mica w indów (1.5 rmg./cm.2) from  
a distance of 5 mm.

For in vivo  3 2 P-labelling, ra ts  were injected w ith [3 2 P]NaH 2 P 0 4 , th e  
dose of 1 0  uc per 1 0 0  g. body wt. being adm inistered directly  into the 
fourth  ventricle of the braiin; in some experim ents an additional dose 
of 150 uc 3̂ P was adm inistered intraperitoneally . A fter 24 hr. the amimals 
were killed and the nuclei isolated.

RESULTS

In isolated brain and Ііѵет nuclei after ineubation in isotonic sucrose 
solution a t 37° for 4 hr., the content of RNA decreased by 30 - 50°/o, 
th a t of iprotein by 25 - 30%, wbile the  content of free niucleotides 
inereased. Microscopic exa.minations showed th a t th e  nuclei were coagu- 
lated to  a m arked degree but their interna! struo tu re  w as intact.

Changes in brain and Ііѵег nuclear RNA labelled in vivo  w ith radiio- 
active phoisphorus are shown im Table 1 . A fter 1 hr., as we U as after 
4 hr. of ineubation, a m arked decrease of RNA content was obseryed 
while changes im phospholipids and free mucleotides w ere but slight. 
The ‘presence of ATP iand the composition of the  m edium  had almost 
no effect. Sim ilarly, the rem oyal of divalent ions from  th e  m edium  by 
using EDTA was w ithout effect. The addition of EDTA eaused, howeyer, 
a decrease of the oxygen consumption ąuotien t from  1.95 to 0.4 u l.0 2 /h r./ 
/mg. protein for brain  nuclei and from  2.7 to 0.8 u l .0 2 /hr./m g. .protein 
for Ііѵег nuclei.

In all experim ents in which the nuclei were ineubated in nitro w.ith 
radioactiye phosphate, 32P  was incorporated in to  RNA in spite of the  
decrease of RNA content in the nuclei. W hen 32P w as adm inistered 
in vivo, the  specific actiy ity  of nuclear RNA decreased during ineubation* 
while th a t of free nucleotides was unchainged. The specific actiyity
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of brain nuclear RNA was high er than  the 'activity of Ііѵег 'nuclear 
RNA pro»bably as the resu lt o!f the in trayen tricu lar adm inistration of 3 2 P.

In  the secomd series of exiperirnents, both the  nuclei and the iinicuba- 
tion  media were analysed (Table 2). For the  in vivo  RNA labelLing, 
32P was adm inistered both in traperitoneally  and into the fourth  yentricle  
of the brain. In this experim ent the effect of sodium dodecyl sulphate 
(SDS), known as a nuclease inhibitor [11], w as also studied. A fter 1 hr. 
of incubation, the content of RNA in brain and Ііѵег nuclei m arkedly 
decreased while the  decrease of free niucleotides was but slight. The 
specific actiyity of 'the RNA released from  the nuclei into. the  m edium  
was lower than  that of RNA rem aining in the nuclei. while the specific 
activ ity  of free inucleotides in the medium increased in experim ents 
w ith the brain but not w ith the  Ііѵег. Microsoopic exam ination of the  
nuclei a fter incubation w ith SDS showed that some of them  underw ent 
m orphological changes. Incubation in the  presence of SDS caused the 
destruetion of a part of the nuclei, as shown by the presence of DNA 
in the incubation m edium .

DISCUSSION

The experim ents on the Chemical comiposition of nuclei isolated from 
brain and Ііѵег indicated th a t the  nuclei, while reta in ing  their m orpho­
logical structure, lost during incubation 30 - 50% of the iimtial RNA 
content. This loss was not due to destruetion of fhe nuclei sińce incuba­
tion did no t cause a decrease in nuclear DNA. On the  oontrary, the 
am ount of DNA found in the  nuclei after incubation was consistently 
somewhat higher; this seem s to be due to  the conditions of incubation 
enhancing the extractability  of DNA.

The experim ents of Scholtissek et al. [20, 19] and of Sam arina & Zbar- 
skij [18] indicate th a t under certain  conditions the m etaholically active 
fractions may be released from the nuclei. This suggestion seems to be 
supported  by the decrease in  apecific activity of niuclear RNA labelled 
in vivo, obseryed in the ipresented experim ents. Still, the analysis of 
the nuclei and of the incubation media offered ino confirm ation to th is  
view; the  specific actiyity of the RNA released from the nuclei was 
found to be not higher, but even lew er than  that of the  RNA rem aining 
in the nuclei.

The decrease during incubation of the sum of RNA found in the 
nuclei and in the m edium  seems to indicate partial depolym erization 
of RNA; this was also suggested by the increased eoncentration in  the  
m edium  of free nucleotides the specific actiy ity  of which was in the  
Ііѵег nearly  the same as, and in the brain h igher than, that of the 
nucleotides rem aining in the nuclei.

A lthough during incubation m arked decomposition of nuclear RNA 
was obseryed which was not оѵегсоте by ATP addition, :!2P was incor-
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porated simultaneously from the ineubation medium into nuclear RNA. 
At the same time, in Corporation of 32P into phospholipids was buit slight.

The гетоѵ аі from  the ineubation m edium  of d ilavent ions inhibited 
neither RNA d e c o m ip o s i  tion nor the in C o r p o r a t i o n  of 32P  into the RNA 
remaiming in the nuclei; i t  resu lted  only i n  decreased oxygen con- 
sum ption.

The addition of SDS, an inhibitor of panereatie ribonuclease [12], did 
not inhibit nuclease aotivity in Ііѵег nuclei as indicated by the inerease 
in the content of free nucleotides in the  m edium . In brain nuclei no 
inerease of free nucleotides was observed which m ight suggest a different 
mode of action of SDS on brain nuclear nuclease.

Both brain and  Ііѵег nuclear m em branes were damaged by SDS, 
as shown by th e  release in to  the m edium  of nearly  50°/o of nuclear RNA 
and of sm ali ąuan tities  of DNA.

The ipresented experim ents dem onstrate the difficulties encountered 
in  studying in vitro  th e  synthesis of n u c lea r RNA. In the nuclei isolated 
both from  brain  and from Ііѵег, during  ineubation in isotonic sucrose 
solution the catabolic processes w ere the iprevailing ones, leading to the 
destruction of nuclear RNA.

SUMMARY

Isolated ra t brain and Ііѵег nuclei w ere inoubated in a glueose-con- 
taining sucrose medium. D uring ineubation, added 32P was incorporated 
into nuclear RNA altbcugh the content of RNA decreased by about 50°/o 
and  an inerease of nucleotides oceurred.
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ZM IANY W SKŁADZIE CHEMICZNYM IZOLOW ANYCH JĄDER  
KOMÓRKOWYCH Z MÓZGU I WĄTROBY SZCZURA

Streszczenie .

Izololwane jądra kom órek m ózgow ych i  w ątrobow ych  iinkubowiano rw izoto- 
nieznym  roztworze sacharozy z dodatkiem  glukozy. Podczais inkubacji dodany 32P 
b y ł w łączany do RNA jądrow ego n aw et w ów czas, gdy jednocześnie stw ierdzano  
u b ytek  RNA jądrow ego o około 50% oraz w zrost zaw artości w olnych nukleotydów .

R eceived 9 N ovem ber 1964.
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The n a tu ra l occurrence [3, 5] of 2-am inoethylphosphonic acid (H2 N— 
—CH2—CH 2 —P 0 3 H2), the phosphorus analogue of taurine and /3j alanine, 
indicates tha t enzymes synthesizing phosphorus-carboin (P— C) bonds are 
present in  sorne at least living orgainisms. In fact, K anoatau & Horiguohi 
[4] aind Rosenberg [7] dem onstrated recently  th a t 2 - am ino ethylphospho- 
nic acid is synthesized from inorganic iphosphate by some protozoa, hut 
the  n a tu rę  of this ptrocess is still obsouire. The ipossible pa thw ays of P —С 
bond decorpposition are also unknown.

Zeleznick, M yers & Titchener [9] showed th a t Escherichia coli 
Crooikes stra in  can grow in a medium containing m ethyl- or ethyliphos- 
phonate as 'sole sources of phosphorus. It seems probable that enzymes 
sp łitting  P —С bonds chem ically resistant to cleavage, m ay be p resent 
in o ther microorganisms. In the present work this possibility was studied 
and an attem pt was made to find organism s giving, w hen grown on sub- 
s tra tes  w ith carbon-bound phoisphorus, a  large yield of cells aind thius 
better suited for more detailed biochemical studies.

MATERIALS AND METHODS

Potassium ethylphosphonate  (CH3 CH2 —PO 3 HK). Crude ethyliphospho- 
nic acid prepared a fte r Kosolapoff [6 ] was neutraliized w ith  one equiva- 
lent of potassium hydroxide .and th e  resulting  potassium  salt was ery - 
stallized .from ethyl alcohol. Several crystallizations w ere inecessary umtil 
the product was free from  inorganic phosiphate according to the  Fiske & 
Subbarow test.

Dilithium-2,3-dihydroxypropylphosphonate  (CH2 OH—CHOH—CH2— 
РОзЬі2). This was prepared after Rosenthal & Geyer [8 ] and purified until
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free from inorganic phosiphate by repeated  precipitation w ith  alcobol 
from aqueous solution.

Organisms. Escherichia freundi  was iisolated from sewage. O ther o r­
gan ism,s were obtained from  the foilowing D epartm ents of the Institu te 
of Immunology and Experim ental Therapy: Escherichia coli 306, 307 
and 18, and Proteus from the D epartm ent of Genetics; Bacillus subtilis, 
Nocardia brasiliensis, Streptomyces globisporus and Streptomyces globi- 
sporus var. flavofuscus, from  the D epartm ent of Antibiotics, and Myco- 
bacterium phlei from the D epartm ent of Myoology.

Media. The growth of m icroorganism s w as studied in synthetic media 
as sim ple as possible in order to keep contam ination by inorganic phos- 
phate below the  level of interference. Fouir kinds of media w ere used: 
(1), Simple medium of Zeleznick et al. [9] with inorganic phosiphate: 
NH 4 C1, 1.0 g.; M gS0 4 -7H 2 0 , 0.2 g.; NaCl, 0.5 g.; CH 3 COOH, 2.2 m l;  
K 9 HPO 4 , 6.0 g.; KH 0 PO 4 , 3.0 g.; w ater 1000 ml.; pH 7.4. (2), Simple 
m edium  w ith  pbosiphonates; the oomposition of th is  m edium  was the  
same as above, except th a t 9.1 g. of .potassium ethylphosphonate or 1.0 g. 
of di lithium - 2 ,3-di hy dr ox yprcpy  1 phosphon ate were added instead of inor- 
ganic phosiphates. (3), Synthetic m edium  of Sauton: citric acid, 2.0 g.; 
K 2 H P 0 4, 0.5 g.; M gS0 4 -7H 2 0 , 0.5 g,; am m onio-ferric citrate, 0.05 g.; 
asparagine, 4.0 g.; glycerol, 10 ml.; w ater, 1000 m l.; pH 7.0. (4), Sauton 
m edium  w ith phosphonates: instead of inorganic phosphate, 0.42 g. of 
potassium ethylphosphonate or 0.48 g. d ilithium -2,3-dihydroxypropyl- 
iphosphonate were added p e r  1000 ml. of medium; pH 7.0. The pH value 
of the m edia was adjusbed with 0 .5 m-KOH o r 0.5 m-HCI.

Transfers. Organism s were transferred  to fresh media еѵегу th ree 
days w ith the  exception of the slower growing M. phlei which was 
transferred  to fresh m edium  after еѵегу seven days of growth. The 
size of inooulum was 0 . 1  ml. of suspension (density of 1 0 9  bacterial cells 
per 1 ml. according to  M cFarland scalę).

Evaluation  of growth of organisms. The growth of bacteria was fol- 
lowed by nephelom etric m easurem ents at 650 mu, w ith the  exception of 
M. phlei which does not grow lin suspension. The grow th of this organism  
was evaluated on the basis of the area of surface growth.

Determination of phosphorus. The m ethod of Fiske & Subbarow  [2] 
or the m icrom ethod of Chen et al. [1 ] were used.

RESULTS

As shown in Table 1, six out of ten  organism s studied  eonld be 
adapted to grow in consecutive transfers in  simple m edium  of Zeleznick 
et al. [9] w ith inorganic phosphate but only two survived w hen phos- 
phate  was replaced w ith  ethylphosphonate. The utilizatiom of 2,3-dihy- 
droxypropylphosphonate was studied on three organism s only and it was
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found th a t it siupported both strains of Escherichia growing on ethy l­
phosphonate and, in  addition, was utilized by M. phlei which was unable 
to gro w on ethylphosphonate.

T a b l e  1

Adaptation of microorganisms to the simple m edium  with orthophosphate
and phosphonates

Com position of media as described in text. (+ ) , Growth o f bacteria; (—), absence
o f grow th of bacteria.

Simple medium with

Organ ism
orthophosphate ethylphosphonate

dihydroxypropyl-
phosphonate

Escherichia freundi +  + 4- +
Escherichia coli 306 +  + —
Escherichia coli 307 +  + + -f-
Escherichia coli 18 — —
Proteus — —
Bacillus subtilis +  + —
Mycobacterium phlei +  + — H—
Nocardia brasiliensis — —
Streptomyces globisporus 5 +  + —
Streptomyces globisporus 55 — —

T a b l e  2

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

C om position of the m edia ais described Ln tex t; l°/o glycerol w as added w here
indicated.

Simple medium Sauton medium

Additions Transfers Transfers

1 2 3 4 - 9 1 2 3 4 - 2 0

Orthophosphate +  + +  + +  + +  + _ _ — —
Orthophosphate

with glycerol +  +  + +  +  + +  +  + +  +  + +  +  +  + +  +  +  + +  +  4" +  +  +  +
Ethylphosphonate +  + + — —
Ethylphosphonate

with glycerol +  + + — ■ — +  +  + +  + — —
Dihydroxypropyl-

phosphonate +  +  - + + — + —
Dihydroxypropyl-

phosphonate with
glycerol +  +  + +  +  + +  +  + +  +  + +  +  + +  +  + +  +  + +  +  +

Glycerol +  + + — — +  +  + +  + — —
None +  + -U — —
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In view of the well known fact that glycerol stim ulates the growth 
of acid-resistant bacilli, its effect on the utilizatiom of carbon-bound 
phosphorus by M. phlei in simjple and Sauton media was studied. The 
resu lts  summ arized in Table 2 showed th a t glycerol stim ulated the 
grow th of M. phlei w ith 2,3-dihydroxypropyIphosiphomate as source of 
phosphonus but had  no effect in case of ethylphosphonate.

The grow th of E. coli 307 and E. freundi  in simple m edium  with 
phosphonates and w ith inorganic phosphate w as followed through m any 
0 onsecuitive transfers (Fig. 1); both these straims of Escherichia were 
able to utilize carboin-bound phosphorus but the ir grow th was slower.

U:

Fig. 1. Groiwth of E. freundi  aind E. coli 307 on  sim ple m edium . The grow th of 
bacteria w as determ ined by changes in  extiinctiom ,ait 650 тпц after three days of 
incubation: (O ), on isiimple .medium (no orthophosphaite); (Д ), w ith  traces o f ortho- 
phosphate (1 |ig. P in 1 mL); ( • ) ,  wiith orthophosphate; (□ ), w ith  ethylphosphonate; 

and (■ ), w ith  dihydroxypropylphoisphonaite.

200 400 600
Hydrolysis tim e (min.)

Fig. 2. L iberation o f phosphorus during acid  
hydrolysis o f M. phlei. T he e igh t-d ay-o ld  
cultures w ere w ashed three tim es w ith  w ater  
and dried to coinstant w eigh t at 105°. D ried  
bacteria, 10 mg., w ere hydrolysed in  2 n - 

-H 2SO4 ait 100°. Phospho.rus wais determ ined  
according to  the imicromethod o f Chen et al.
[1]. Bacteria grow n on Sauton m edium  
supplem ented Wiith 1% glycerol: (O), wilth d i-  
hydroxypropylphosphonate; (# ) ,  w ith  ortho­

phosphate.

The dry weight and total phcsphorus ccntent of M. phlei  cells grow n 
in Sauton m edium  with inorganic phosphate o r dihydroxypropylphos- 
phonate were oompared. A fter 8  days of incubation in 5 ml. of m edium
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w ith  inorgainic phosphate, 18.8 mg. of dry cells containing 1 .1 %  of total 
phosphorus were !harvested, while in m edium  wiith dihydroxypropylphos- 
phonaite 13.7 mg. of cells were obtained w ith only 0.7% of to ta l tP.

D ry M. phlei cells were hydrolysed at 100° in 2 N-sulphuric acid and 
the  ra te  of inorganic phosphate liberation w as determ ined. The resu lts  
show n in  Fig. 2 indicate tha t M. phlei incorporated carbon-bound phos- 
phorus into acid-labile compounds. In  control experim ents it was est- 
ablished th a t 2,3-dihydroxypropylphosphonate hydrolysed for m any 
hours at 100° in 2 N-sulphuric acid did no t release inorganic phosphate. 
A ttem pts to detect the  decomposition of P —С bonds in  2,3-dihydroxy- 
propylphoisphonates b y  disruipted cells of M. phlei w ere unsiuocessful.

DISCUSSION

To study  bacterial grow th by substitu ting  Inorganic phosphate w ith  
o th er sources of phosphorus, it is necessary to use sim ple synthetic m edia 
and th is  considerably lim its the num ber of stra ins suitable for such 
studies (Table 1). O ur resu lts  indicate also th a t the  ability to utilize 
carbon-bound phosphorus is not freąuen tly  eneoumtered. Zeleznick et al. 
[9] dem onstrated th is  ability in E. coli Crookes and we found two m ore 
stra ins of Escherichia possessing the sam e property, viz. E. coli 307 and 
E. jreundi. Two o ther strains tested, E. coli 306 and 18, could not be 
adapted to e thуlphosiphonate. In view of the growing in terest in the bio- 
chem istry of compounds w ith P —G bonds, fu rth e r screening of micro- 
organism s for ab ility  to utilize carbon-bound P appears to, be desirable.

Zeleznick et al. studied the  grow th of E. coli Crookes on m ethyl-, 
e tb y l-  and hydroxym ethylphosphonates and found that the hydroxy- 
m ethyl derivative is not utilized, while in the presence of m ethyl- and 
ethylphosphonates grow th rate  and phosphorus aceum ulatkm  were the 
sam e as w ith  inorganic phosphate. In our experim ents, the  grow th of 
Escherichia was oonsiderably slow er When inorganic phosphate was 
substitu ted  w ith  phosphomates.

2,3-D ihydroxypropylphosphonate used in the  presen t work is a com- 
pound which bears some s tru c tu ra l resemblan,ce to phosphoiglycerol. It 
supported  the grow th of E. coli 307 and E. jreundi  eąually  well as 
ethylphospbomate and was also utilized by M. phlei. As  M. phlei gives 
a higher yield of cells th an  Escherichia, it could be used in  studies on 
P —С bond decomposition.

The slow grow th and Iow phosphorus content of M. phlei grown on 
2,3-dihydroxypropylpbosphonate implies that carbon-bound-phosphorus 
is not read ily  available for th is organism  and ‘not m ore than  the neces­
sary  m inim um  of inorganic phosphate is produced. This was confirmed 
by the faet th a t in  т> case was inorganic phosphate released into the 
medium. It foliows that M. phlei b as  o r prodiuees only a Limited am ount 
of enzyme (or enzymes) decomposing the P — С band. The hydrolysis
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curve of phosphate -oom-pounds aocum ulated in M. phlei grown on 2,3—di— 
hydroxyproipylphosphonate indicates th a t a large part of phosphorus is 
-present iin the  form  о-f acid-labile comipaumds, presum ably esters whose 
formatiion would not be ipossible witbooit breaking P—С bonds. U nfo r- 
tunate ly  we have not been able to dem onstrate the splittimg of P — С 
bonds iin cell-free 'homogenates of M. phlei.

We wonld like to  express our gratitude to Prof. Dr. Tadeusz B ara­
nowski for helpful discussion and advice.

SUMMARY

1. It was found that Escherichia coli 307 and E. freundi grow  on 
synthetic m edium  w hen inorganic phosphate is replaced w ith ethylphos- 
phonate or 2,3-dihydroxypropylphosphonate.

2 . Mycobacterium phlei is not able to utilize phosp-horus from  ethy l- 
phosphonate but igrows on 2,3-dłhydroxyipmpylphosiphomate. The -growth 
is slower, however, and the cells ѣаѵе a lower iphosphorus content.

3. M. phlei produces acid-labile phosphorus compounds from  the  
acid-resistant 2 ,3 -dihydroxypropylphosphonate.
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ZUŻYTKOW ANIE FOSFORU ZW IĄZANEGO Z WĘGŁEM 
PRZEZ MIKROORGANIZMY

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

1. Stw ierdzono, że Escherichia coli 307 i Escherichia freundi  rosną na pożywce 
m ineralnej zaw ierającej kwais etylofo-sfonowy albo kw as 2,3-dwuhydrok-sypropylo- 
fosfonow y w  m iejsce ortofosfo-ranu.

2. Wykaza-no, że  M ycobacterium  ph le i  nie -rośnie -nia pożyw kach zaw ierających  
w  miej-sce fosforanu kw as etylofosfonow y, natom iast rośnie na pożyw kach z kw a­
sem  2,3 -d wu h yd roksiy propy lof osfono w у m .

3. M. phlei  w  trakcie wzrostu na 2,3 -d w u h yd rok s ypropy lofosf oini-ani e tworzy 
zw iązki fosforow e kw asolabilne.

R eceiyed  14 N oyem ber 1964.
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In  1954 Koziński & Opara [7] have shown that V i-antigen prepara­
tion lost its recep to r activity in relatioin to Vi-phage II as a resu lt of 
ineubation w ith  a bacterial lysate containing the Vi-phage II. As th e  
phage infectiv ity  was m aintained after ineubation, the au thors concluded 
th a t the action of Vi-phage on V i-substance is of an enzymie character. 
L a ter [15, 5] it was dem onstrated that the V i-substance is a poly- 
saccharide composed m ainly of acetylated am inogalacturonic acid, aind 
recen tly  [1 2 ] an  im proved m ethod for obtaining a highly purified 
p reparation has been described.

In the p resen t w erk an attem pt was m adę 1 to elucidate the  natu rę  
of the reaction betw een Vi-phage II and Ѵі-polysaccharide leading to  
the destruction of the receptor activity.

MATERIALS AND METHODS

Ѵі-polysaccharide preparations from Salmonella typhi  21802 w ere 
purified  by Chroma:tography on ery throcyte strom a [12], and contained 
450 - 500 receptor units per mg.

Crude V i-phage II suspensions were obtained by lysis of phage- 
-infected bacteria S. typhi  in modified Stoikes & Bayne m edium  [14] 
and contained 2 - 8  X 101 1  phage particles per ml.; they were kept in the 
cold w ith  chloroform  in order to prevent the  grow th of contam inating 
bacteria.

Purified  V,i-phage II p repara tion  was obtained using the  m odified 
Creaser & Taussig m ethod [3] in the foliowing way: 500 ml. of crude 
Vi-phage II suspension was dialysed overn ight i:n the cold against 
10 liters of d istilled  w ater saturated  w ith chloroform . The next day

* P artly  suppoirted by a grant from  the Ooimmittee o f Biochemiistry aind B io- 
physdcs o f  the P olish  Acaidemy of Sciences.
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the suspensiom was filtered  through a  H yflo-Supercel layer 3 - 5  mm. 
thick, w ith very  gentle suction. A column ( 3 X 4  cm.) was prepared from  
5 g. of ECTEOLA-cellulose, washed successively w ith 1 N-NaOH, w ater, 
ІМ -КН 2 РО 4 , and  0.01 M-phosphate buffer, <pH 7.0, and th en  the Hyflo- 
-Suparcel f iltra te  was allowed to flow through the column at a ra te  of 
5 ml. p e r  mimute. A fter washiimg w ith  0.01 м-iphosphate buffer, pH 7.0, 
the adsorbed phage was elu ted  w ith 0.3 м-NaCl - 0.01 м-phosphate 
buffer, pH 7.0, the flow -rate being 0.5 ml. .per m inutę. The first 10 ml. 
of the tu rb id  effluent were eollected and subjected  to two cyeles of 
d ifferen tial (12 000 g, 60 min.; 3000 g, 15 min.) centrifugation a t 0° in 
Janetzk i К  14/A oentrifuige. The phage pelle t was alw ays suspended in 
0.15 м-NaCl - 0.01 M-iphcsphate buffer, pH 7.0, by gentle ipiipettimig, a fte r  
overn ight standing  w ith this salt solution in  the  cold. The course of 
purification is presented in Table 1. In the finał product only słight 
ąuan tities  of bacteria! im purities were fcund by electron microscopy 
(Fig. 1).

T a b l e  1 

Purification of Vi-phage II

Preparation Volume
(ml.)

10-13 X 
Phages

Protein
(mg.)

Purity 
(10-13 x  

Phages/mg. 
protein)

Purifi­
cation

Yield
(%)

Crude phage suspension 
After ECTEOLA

500 21.2 175.0 0.12 100

treatment 10 20.2 22.5 0.88 7.3 95
After I centrifugation 10 13.8 9.5 1.45 12.1 65
After II centrifugation 10 11.2 6.9 1.62 13.5 53

Modified Stokes & Bayine (mSB) medium [1 1 ], and  form olized sheep 
ery th rocy tes w ere prepared as described previously  [14].

Reagents used: sodium ethylenediam inetetraacetate (EDTA), tris  and 
H yflo-Supercel (Light, Colnbrook, Englaind); p-chlorom ercuribenzoic 
acid (B.D.H., Poole, England); lV-ethylmaleimide (Schuchardt, Miinchen, 
W est G erm any); tubings for dialysis (Kalle, W iesbaden, W est Germany). 
ECTEOLA-cellulose oointaining 0.26 mEq. n itrogen per gram, was pre­
pared  aiccording to Petersom & Sober [9] from  W hatm an cellulose 
powder, 'triethanolam ine (Schuchardt, Miinchen, W est Germ any) and 
l-Chloro-2:3-epoxypropane (epichlorohydrin, Light, Colnbrook, England). 
O ther reagen ts  were products of Fabryka Odczynników Chemicznych 
(Gliwice, Poland).

P ro te in  w as determ ined  according to Lowry et al. [8 ], a fter w olfra- 
m ate precipitation, crystalline Ьоѵіпе serum  album in (B. D. H., Poole,
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Fig. 1. E lectron m icrograph o f the ipurified V'i-,phage II pre parafiom. A gar-b iffusion  
techmiąue [6] w ith  a slight mod i f ka tion  [13] w as applied. Chromiuim shaidowing. 
Electron m icroscope: Zeiss D2. The arrow points to the tip  of the phage’s taił, by 

m eans o f w h ieh  phage reacts w ith  Y i-polysaccharide [13].

ACTA BIOCHIM. POLON., vol. XII, 1965 (facing p. 158).
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Englamd) being used as standard. For protein determ ination in the crude 
phage, the suspension was previously dialysed against distilled w ater.

Phage oounts were rnade in trip licate  by the agar layer method [1], 
as prev icusly  described [14].

Ѵі-recep tor estim ation was perform ed as described previously [14]. 
The ąu an tity  of Vi-polysaccharide which, under the  conditions used, 
reduced the Vi-phage content by 1  X 1 0 и/ т 1 . was adoipted as V i-receptor 
unit (RU).

D eterm ination of the receptor-destroym g activity w as based on the 
receptor estim ation [14]. The V i -poi ysac char i d e solution comtainiing 
200 RU per ml. was m ixed with an eąual ѵ о іи те  of the Vi-phage II 
suspension and ineubated in H oeppler u ltra therm ostat at 37°. At definite 
in tervals, samples equivalent to 1 - 2  RU (0.02 - 0.25 ml.) were taken  to 
th ick-w alled  test-tubes (100 т т .  X 12 mm.) and imm ersed into boiling 
w ater for 2 min. to inactiYate the  Teceptor-destroying agent. A fter 
ad justing  the volume to 1 ml. w ith 0.15 м-NaCl - 0.01 м-phosphate 
buffer, pH 7.0, the sample was added w ith 0.5 m l. of 10% (v/v) susipem- 
sion of formolized sheep ery.throcytes in the same salt solution. The 
m ixture  was ineubated in a w ater bath at 37° for 1 h r. w ith occasional 
s tirring  and left overnight im the cold to perm it the  adsorption of the  
Y i-polysaccharide on erythrocytes. Throughout the experim ent stirring  
w as perform ed by meanis of a ru b b er cork fixed exceintrically on the 
m otor spimdle. The next day th e  supernatan t w as discarded and the 
sedim ent of erythrocytes washed once w ith N aCl-phosphate buffer; the  
finał sedim ent was then draimed off thoroughly and the test-tube w as 
put into ice-w ater. The Vi-phage II crude suspension was ad justed  to 
the  concentration of 3 - 4  X 101 1  particles/m l. by suitable dilutioin w ith 
mSB medium  aind after cooling in  ice-w ater, 2 ml. were added to  the 
test-tube  aind the  contents were s tirred  vigorously. The m ixture was 
ineubated for 5 min. in  ice-w ater and centrifuged for 2 min. a t 1000 g 
in cooled centrifuge vessel. The superna tan t was im m ediately separated 
and taken for phage estimation. The ąuainitity of unadsorbed phage was 
the m easure of the receptor activity  of the  examimed sample, its value 
being found graphically  (Fig. 2). As throughout th is  work diffeTent 
crude phage suspensioms were applied, the receptor activity values 
w ere re fe rred  to  & standard  Ѵі-polysaccharide preparation.

In prelimimary experim ents it was found that heating for 1 min. in 
boiling w ater inactivated the  receptor-destroying agent and th a t incuba­
tion even for 10 min. at 100° of V i-polysaccharide w ith the crude Vi- 
-phage II suspension imactivated by heating, did not in terfere w ith the 
estim ation of the  receptor activity.
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RESULTS

Properties of the receptor-destroying agent

In o rder to identify  the receptoir-destroу  img agent, the crude iphage 
suspensiom (4 X 10и/т1.) was centrifuged in M SE-M ajor centrifuge at 
24 000 g for 90 m in. at 0°. The sedim ent, containing practically the  w hole 
origimal ąuan tity  of the iphage, was suspended in  the  initial ѵ о іи те  of 
mSB medium. Both th is  suspensiom and the supernatan t were ineubated 
w ith eąual yolumes of Vi-poly sacchari de Solutions (200 RU/ml.) and the  
receptor activ ity  was estim ated at 15 min. intervals. The resu lts  show n 
in Fig. 3 indicate th a t the whole receptor-destroying agent was p resen t

Fig. 2. Estiimatiion o f Vi-polys-accharide receptor activiity. The volum e o f  the- 
exam ined sam ple aimouinted to 0.1 :ml., the concenitratton o f  unadsorbed Vi-phiage II 
to 1 X 10n/m l. The am ount of V i-phage iin the contro! sam ple wais 3 X 10n /m l. 
One receptor un it corresponds here to  0.05 ml., heince 1 m l. o f the reaction m ixture  

contained 20 receptor un its at the sam pling Itime.
Fig. 3. D estruction of the receptor activ ity  o f Y i-polysaocharide by (a), crude V i-  
-phage II susipension (2 X 10n /ml. o f the ineubation m ixture) and (b), the suispenfsion 
after centrifugation for 90 m in. at 24 000 g; (O ), sedilmeint, ( • ) ,  su per nait ant.

Ooinidiitions: mSB m edium , pH 7.2, 37°.

in the sedim ent. As it was also found that the receptor-destroying activity 
per phage particie  was the same for crude preparations as for the ipuri- 
fied ones, it seeimis that the phage particie can be comsidered as the 
receptor-destroying agent. The findings tha t the receptor-destroying 
agent is non-diffusible and is imactivated by slhort heating a t 1 0 0 ° are  
in accordamce w ith th is eoinclusion. The ra te  of destruction  of the  
receptor activity at 37° plotted  against phage concentration (Fig. 4) 
showed a linear relationship.

Purified  Vi-.phage II susipension was ineubated w ith V iipolysac- 
charide solution and the loss of the receptor activity and th e  am ount of

1 6 0
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m fective phage ipairticles were estim ated (Fig. 5). The resu lts  indicate 
th a t the  phage, while it destroyed th e  receptor activ ity  of the poly- 
saccharide, did not lose its infeotivity.

V i-po 1 у sac с h ar id e solution was incubated w ith purified Vi-phage II 
suspension and samples w ere taken еѵегу 15 m in. for receptor aetivity 
estimatiom. A fter 2 hr. incubation, a second portion of Vi-polysaecharide

Vi-phage Л  concn. * 10 11/m l.

F ig . 4. E ffect o f  V i-phage II eoncentrartiom om the d estru ctkm ratę of the receptor 
activi:ty o f  V i - po ly  sacc h ar id e . Coniditkmis: mSB m edium , pH 7.2, 37°.

Fig. 5. E ffect of incubation  o f Ѵ і-polysiaccharide w ith  purified  V i-phage II pre­
paration on (O ), receptor actlivity o f  the polysacchairide and ( • ) ,  in fectiv ity  of  

phage. Ooinditions1: m SB  m edium , pH 7.2, 37°.

was adided and the receptor activity was determ ined again. The results 
presented in Fig. 6  indicate tha t although the receptor activiity was 
alm ost com pletely destroyed after 2  hr. incubation, the  phage m ain- 
talned iits ability  to  ac t on a new  portion of polysaocharide. In the  first 
p a rt  of the experim ent the initial reaction ra te  am ounted to 
30 RU/ml./30 min. and in the second one to 15 RU/ml./30 min.; however, 
two-fold phage dilution should be taken in to  consideration.

Simple reaction medium

In the experim ents presented above, the destruction of the receptor 
activ ity  due to the  phage was studied in  mSB medium, composed of 
enzymie lactalbum in hydrolysate, glucose, citrate, and inorganic salts. 
I t seemed advisable to sim plify as far as possible the m edium  in which
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purified  phage p reparations and Vi-polysaocharide were to be suspended 
and  the reaction studied; for this purpose th ree  salt Solutions were 
chosen: Na,K-pbcsiphate buffer, pH 7.0, p 0.1 [4]; tris-H Cl buffer, pH 7.0T 
u 0.1 [4], and 0.1 M-ammomum acetate adjusted to pH  7.0 with aąueous 
ammoinia solution. łn  amm onium  acetate solution the initial ra te  o f 
destruetion of the  receptor actiyity was the same as in mSB m edium ,

Fig. 6. D estruetion o f the receptor actiy ity  o f Ѵі-polysaccharide by the purified  
V i-phage II preparaition (1 X 10n/m l. o f the incubation mlbcture). A fter  2 hr. 
ineubatiotn, an equal voluime o f V i-polysaecharide (200 receptor umitis/ml.) was- 

added. Conditions: mSB m edium , pH 7.2, 37°.

about 60 RU/ml./30 min. for the phage eoncentration am ounting to 
2 X 10и/т1 . of th e  incubation m ixture and in tris-H Cl buffer it was 
a little  lower. On the o ther hand, the iphospbate buffer caused a signi- 
ficant inhibitkm  of the  reaction rate . F u rth e r experim ents were there- 
fore carried out in 0 . 1  м-ammonium acetate.

Koziński & Opara [7] found it difficult to reproduce the loss of 
receptor actiyity  and thought thait th is d ifficulty  m ight be due to the 
presence of unidentified inhibitors. Taking into account their resu lts 
and the obseryed inhibition of the reaction by phosphate, ain е х а т іп а -  
tion w as undertaken  of the  effect of EDTA and two of the thioil group 
inhibitors, nam ely p-chlorom ercuribenzoate and N -e th у lm aleim ide. The 
reaction was carried  out in 0.1 м-ammonium acetate, pH  7.0, at 37°, the 
eoncentration of the  polysaecbaride in the incubation m ixture  being 
100 RU/ml. and tha t of the  phage 2 X 101 4/т1 . N either 10~ 4  м-p-chloro- 
m ercuribenzoate nor 1 0 - 3  м-N-ethylm aleim ide diminiished the initial 
reaction rate . On the o ther band, 10~ 2  м-EDTA significantly ińhibited 
the  reaction. As it bas been found th a t V bpolysaodharide adsorbed on 
the formolized erythrocytes bas a m uch lower ab ility  to adsorb Vi- 
-phage II in  th e  presence of EDTA, in these experim ents the estim ation 
of receptor actiy ity  was slightly m odified: to  the solution used for 
comipleting the  samiple to the yolume of 1  ml. before the addition of 
erythrocytes, 0.01 M-MgCl2  was added and 0.01 м-phosphate buffer was 
replaced by 0.01 м-tris-H C l buffer, pH 7.0. By th is modified m ethod it
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Fig. 7. E ffect o f EDTA on the destruction  o f the 
receptor a ctiv ity  o f V i-polysaccharide by the  
purified V i-p h age II preparation (2 X 10u /iml. of 
the ineubation :mixture); ineubation: (O ), w ith - 
out, and ( • ) ,  w ith  0.01 м-EDTA. Conditions:

0.1 M-amimonium acetate, pH 7.0, 37°.

was shoiwn that EDTA in 10- 2  м concentration caused a decrease in the  
in itia l reaction  ra te  by about 80% (Fig. 7). The addition of 10~ 2  M-MgCl3  

to the  ineubation m ixture had no mariked effect on the  course of the 
reaction.

Effect  of  temperaturę and pH

The reaction  was carried out in 0.1 м-am m onium  acetate, pH 7.0, th e  
concentration of the polysaccharide being 100 RU/ml. -and th a t of the 
phage 2 X 10и/т1 . The m ixture  was ineubated in Hoeppler u ltra therm os- 
tait a t 17°, 27° o r 37° (Fig. 8 ). Withiin the rangę of 17 -37° an inorease 
of tem pera tu rę  by 10° caused ain 1.6 to 1.7-fold imcrease of the  reaction 
rate .

The effect of pH presented in Fig. 9 indicates a broad pH optim um  
on the alkaline side. The experim ents w ere perform ed in  0.1 M-ammonium 
-acetate adjusted  to approipriate pH w ith 0.1 м-acetic acid, or 0.1 m-

Fig. 8. E ffect of teimperatu-re on the destruction o f the receptor activ ity  o f V i-  
-polysaccharide due to  V i-p h age II. V i-polysaccharide con-centration: 190 receptor  
umits/iml., Vi-pha-ge II concenitrafion: 2 X 10u/-ml. Conditionis: 0.1 m- aimmon-ium

acetate, pH 7.0.

Fig. 9. E ffect o f pH on the destru-ctiion of the receptor aictivi'ty of V i-polysaccharide  
by V i-phage II. V i-polysaccharide concentration: 100 receptor uni-ts/ml., V i-phage II 

concentration: 2 X 10n/m l. Condiltion-s: 0.1 м-am m onium  acetate, 37°.
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-ammomia, under toluene. In these conditioms the ipH v a lu e  of the 
m edium  did not change in the course of the  incubation (oni у a t  ipH 9.0, 
a fali to 8.9 was oibserved); toluene had  no effect on th e  reactiom. 
Comtrol experim ents have also shown that the receptor activ ity  of Vi- 
-polysaecharide is stable in the  chosem pH rangę.

DISCUSSION

In the  present study  a simple, defined m edium  and approxim ate pH 
optim um  for the  reactiom betw een Vi-phage II and V i -po 1 у sac char ide 
were determ ined, and the  effect of tem peratu rę  on the reaction  ra tę  
was examined. It bas been obseryed that meither toluene n o r th io l 
group reagents inhibit th is reaction.

EDTA was foumd to- influence the reaction of destruction of the 
receptor activity of Vi-pol у Sacch ar id e by Vi-phage II, by low ering the 
ability  of the polysaccharide to adsorb the phage. This seems to indicate 
tha t diyalent cations are involved in the binding of th e  phage by the 
polysaccharide. Maybe that the diyalent cations act by low ering the 
negative charge of the acid Vi-polysacćhairide by form ing complexes 
w ith  сагЬохуІ groups.

The presented resu lts  seem to support the suggestion concerning the 
enzymie character of the action of Vi-phage II on  Ѵі-ipolysaccharide. 
I t  was shown th a t the phage particie itself may be considered as th e  
agent causing the  destruction of the  receptor activ ity  of the  po ly ­
saccharide. The iphage loses this ability a fte r  short heating at 100°. 
The dependence of the reaction ra te  on tem pera tu rę  may (but need not) 
be a manifestaition of an enzymie reaction. The actiyation energy, 
calculated from the  obtained data by the A rrhenius eąuation, am ounts 
to about 9000 cal./mole, a value often encountered in enzymie reactions. 
The enzymie character of the reaction is supported  by the  experim ents 
w hich show th a t after incubation w.ith the polysaccharide not omly the 
infectivity of the phage but also its afbility to destroy the receptor 
actiy ity  of a new portion of the polysaccharide, are m aintained.

The presen ted  resu lts  are apparen tly  contradictory  to those obtained 
by Baron et al. [2] and by Staub [10] wlho reported  that V i-phage II was 
inactiyated  by Ѵі-polysacchiaride. This, howeyer, can be elucidated by 
a quantitative comparisoin. In the experim ents of Baron et al. after 
18 hr. of incubation at 37°, 1 Mg. of the  .polysaccharide inactiyated about 
103  phages, and in the experim ents of S taub after 1  hr. of incubation 
at 44°, up to 108  phages (ipersonal commiunication). In our experim ents 
[14] during  18 hr. of incubation at 37° the m axim um  ąuan tity  of phages 
inactiyated by 1 M g . of the polysaccharide am ounted to 3 X 106. So smali 
ąu an titie s  of inactiyated phages could not be detected in the ехрегі- 
m ents presented in this paper, perform ed at 37° at phage concentratiom
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of the o rder oif lO^/ml. This tracę inactivation does not seem to be 
■connected w ith  the destruction of the receptor activity of Vi-poly- 
saccharide.

The au thor wishes to express h is thanks to Doc. Dr. M. Żydowo for 
makiing available the MSE centrifuige, to Dr. Alina Taylor for the  Vi- 
-polysaccharide p repara t ions, and to Mr. B. Kwiatkowski, M. Sc., for 
the electron m icrographs of different stages of 'phage purification. 
Thanks are also due to Mrs. J. Starczew ska for yaluiable technical 
assistance.

SUMMARY

It has been found that the destruction of the  recep tor activity  of 
Л/Hpolysaccharide due to Vi-phage II action, m ay occur in  0.1 м-am- 
m onium  acetate medium. The effect of tem pera tu rę  and pH on the 
reaction  ra te  was studied. The reaction was imhibited by EDTA but 
p-ch lorom er cur i ben zoate and N -ethylm aleim ide had no effect.

A fter inoubation w ith the polysaccharide, the infectivity of tihe pbage 
as well as its ab ility  to destroy the receptor activity of a new (poirtion 

-of the ipolysaccharide, were m aintained.

R E F E R E N C E S

[1] Adams М. H., Bacteriophages.  In terscience Publiishers. N ew  York 1969.
[2] Barom L. S., Form al S. B. & Spilm an W. - J. Bact.  69, 177, 1955.
[3] Creaiser E. H. & TausisLg A. - Ѵігоіоду  4, 200, ІІ957.
[4] Datta S. P. & 'Grzybowski A. K., Biochem ists , Handbook  (C. Lomg, ed.) p. 19.

E. & F. N. Span, Landom 1961.
15] Heyms K., K iessling  G., Limdenberg W., P aulsen  H. & W ebster М. E. - Chem.

Ber. 92, 2435, 1959.
[6] Kellemberger E. & Arber W. - Ѵігоіоду  3, 245, 1957.
,[7] K oziński A. W. & Opara Z. - Buli. Acad. Polon. Sci. Cl. II. 2, 39, 1954.
[8] Loiwry O. H., Rasebrough N. J., Farr A. L. & Randal'1 R. J. - J. Biol. Chem.  

193, 265, 1951.
[9] Peterson E. A. & Sober H. A. - J. A m er. Chem. Soc. 78, 751, 1956.

[10] Staub A. M. - Path. Microbiol. 24, 890, 1961.
[111] Stokes J\. L. & B ayne H. G. - J. Bact. 76, 417, 1958.
[.12] Taylor A. - A cta  Biochim. Polon. 11, 33, 1964. .
[13] Taylor K. & K w iatkow ski B. - Acta  Microbiol. Polon. 12, 107, 1963.
[14] Taylor K. & Taylor A. - Acta  Microbiol. Polon.  12, 97, il963.
[15] W ebster М. E., Clark W. R. & Freemam М. E. - Arch. Biochem. Biophys.  50, 

223, 11954.

http://rcin.org.pl



1 6 6 К . T A Y L O R [101

BADANIE UTRATY AKTYW NOŚCI RECEPTOROWEJ WIELOCUKRU Vi, 
ZACHODZĄCEJ PODCZAS INK U BAC JI Z FAGIEM V:i II

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

Stw ierdzono, że utrata aktyw ności receptorow ej w ielocukru Vi w sk u tek  d z ia ­
łania faga Ѵі II może zachodzić w  środow isku 0.1 м-octanu amonu. Zbadano w p ływ  
tem peratury i  pH na szybkość tej reakcji. Reakcja jest ham ow ana przez EDTA. 
natom iast p-chlorortęciobenzoesan i N -ety lom aleim id  n ie w yw ierają  na n ią  
w pływ u.

Po inkubacji :z w ielocukrem  zostaje zachow ana zarów no infekcyjność faga , 
jak  i jego zdolność 'rozkładania ak tyw n ości receptorow ej now ej porcji w ielocukru .

R eceived  25 N oyem ber 1964,
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СОМРАКАТІѴЕ INVESTIGATION ON TYROSINE METABOLISM 
IN ANIMALS

D e p a r tm e n t of Physiological C hem istry .  Medical School, W arszaw a

In m am mals, the main oxidative m etabolism  of tyrosine proceeds 
through p-hydroxyphenylipyruvate, hom ogentisate and fum arylaceto- 
acetate to  fum arate and acetoacetate.

Canellakis & Cohen [2] de m onstra ted the presence in pigeon Иѵет 
of ty rosine-a-ketoglu tarate  am inotransferase (ЕС 2.6 .1.5), and Crandall 
& Halikis [3] of hom ogentisate oxygenase (ЕС 1.13.1.5); in the  previous 
work [16] the  activity  of p^hydroxyphenylpyruva:te oxidase (ЕС 1.14.2.2) 
has been dem onstrated. These observatioins suggest th a t in the pigeon 
the breakdow n of tyrosine follows the  sam e pathw ay as in m ammals. 
In o ther anim als the  m ain catabolic pathw ay of tyrosine is still 
unknown, and in  the present work the oxidatio'n of tyrosine has been 
studied on some poikilotherm ic yertebrates and lower animals. Some 
prelim inary resu lts  have been reported  [16, 17].

EXPER1MENTAL

Materiał. For experim ents, hepatopancreas of snail, Неііх pomatia, 
a;nd livers of the following anim als were used: perch, Lucioperca sandra ; 
pike, Esox lucius ; frog, Rana esculenta ; sand liziard, Lacerta agilis; 
pigeon, Columba domestica; and albino ra t. The frogs were tested in 
w in ter (during hibernation), in spring (during the m ating season) and 
in summer.

Isolated livers were im m ediately homogenized at 4° w ith half the ir 
volume of w ater, and acetone-dried preparations were made according 
to La Du & G reenberg [8 ]. For experim ents, freshly prepared ex tracts 
were used; acetone pow der was homogenized w ith 1 0  o r 2 0 -fold yolume 
of an appmpri&te buffer in  a P o tter bom ogenizer, and after 20 min. 
centrifuged, the  supernatan t being used for the assays. P ro te in  in the 
ex tracts  was determ ined by the tannin  micromethod of M ejbaum - 
-Katzenellenbogen [15].
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Determination of enzymie activity. Two to four preparations of aeeto- 
ne-dried Ііѵег were iprepared, several separate ex tracts being made from  
eaeh preparation. The enzymie activ ity  of the preparations kept in an  
evacuated desiecator rem ained unaltered  for some weeks. The am ount 
of ex tract used for ineubation was chosen so as to obtain a linear re la- 
tionship betw een the enzymie activity and the am ount of protein, two 
different concentratioins of protein being used for eaeh aissay. For deter- 
m ination of activity, the time of reaction was 2  b r. for aminotranisferase 
and 1 0  min. for the oxidases to keep w ithin the rangę of the linear ra te  
of the reaction, and the resu lts  were calculated pe r 1 0 0  mg. of protein.

Chemicals used: a-K etoglutarie acid (B.D.H., England), pyridoxal 
phosphate and matriuim diethyldithioearbam ate (Califonnia Conp. for Bio- 
chemical Research, U.S.A.), p-hydroxyphenyIpyruvic acid (Mann R e­
search Lab. Inc., New York, U.S.A.), reduced glutathione (N utritional 
Biochemical Corp., Cleveland, Ohio, U.S.A.), homogentisic acid and tr is  
(Sigma Chemical Company, St. Louis, U.S.A.), hydrooortiscine (Hydro- 
adreson, N.V. Organon OSS, Holland). L-Tyrosine and o ther reagents were 
of Polish oirigin.

Tyrosine—a-ketoglutarate aminotransferase

The activ ity  of this enzyme was studied in a system  containing in 
2.5 ml.: 6  Mmoles of tyrosine, 12 umoles of a-iketoglutarate, 30 Mgrams 
of pyridoxal phosphate, 50 umoles of tris  buffer, pH  8.1, 5 Mmoles of 
matrium diethyldithioearbam ate, and extraot from  acetone-dried Ііѵег 
in 0.05M-tris buffer, pH  8.1. The reaction m ix tu re  was ineubated in 
a Hoppler u ltra therm ostat at 30° for 2 hr. To stop the reaction, 0.5 ml. 
of 30% trichloroacetic acid was added and the precipitated  protein was 
centrifuged off. The form ed p-hydroxyphenylpyruvate  was assayed spec- 
trophotom etrically  by the enol boirate-tautom erase m ethod of Lin et al. 
[13] for arylketoacids, the  extinction at 310 mu of the  сотр іех  being 
m easured in an Unicam SP 500 spectrophotom eter. In the eon troi sam - 
ples, in which either one of the components, tyrosine, a-ketoglutarate 
o r enzyme, was om itted o r inactivaited enzym e was used, the с о тр іе х  
did not form.

The second reaction product, glutam ic acid, was identified by paper 
chromatoigraphy; 0 . 1  ml. of the deproteinized superna tan t was applied 
on W hatm an no. 1 paper and the chrom atogram  develoiped in w a te r- 
-sa tu ra ted  phenol for 15 'hr. by the  ascending tebhniąue. A fter drying 
for 24 hr., th e  spats were located by spraying w ith  a 0.1% solution of 
minhydrin in  w ater-satu rated  n-butanol. For experim en ts’aiming at iden- 
tification of glutam ic acid, dialysed ex tracts were used; th is was found 
mecessary due to the presemce of sm ali am ounts of th is  amino acid in the  
extracts.
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A fter incubation, on the chrom atogram s of the proper samples, in 
addition to- the spot of tyrosine (Rf,  0.62), appeared a spot whoise 
R f value, 0.28 -0.32, corresponded to that of a:n authentic sample of 
glutam i с acid. G lutam i с acid was not found in  the absence of active 
enzyme, of tyrosine, o r of a-ketoglutarate.

The addition  of pyridoxal phosphate appeared to be necessary for 
the reaction (Fig. 1). In its absence the activ ity  of aminotrainsferase did 
not exceed 1/5 of the m axim um  actiyity, so it seems th a t most of the 
endogenous coenzyme was rem oved during p repara tion  of the  acetone 
powder. The optim um  pH for the am inotransferase activity in perch 
Ііѵег ex tract w as from pH 7.8 to  8.5 (Fig. 2), the pH ситѵе being sim ilar

Fig. l Fig. 2
Fig. 1. The effect o f pyridoxal pbosphaite on the adtiivity o f tyrosiine-a-ketoglutarate  
am inotransferase ón acetonie-dried-liver extraict froim the perch. Condiitionis as 
described in  text; am ount o f  protein per sam ple, 0.2 mg.; (O ), w hole sam ple;

( • ) ,  no pyridoxal phosphate; (----- ), no tyrosine or no a-ketoglutaraite.
Fig. 2. The effect o f pH on the activi:ty o f tyrosin e-a-ketog lu tarate amano- 
transferase in the aceton e-d ried -ііѵ ег extract from  the perch. Conditions as 
described in  text; am ount o f proteiln per sam ple, 0.2m g. For the pH values  

7.0 - 8.0, phosphate buffer; for pH 8.0 - 9.0, tnis buffer.

to tha t for ra t Ііѵег am inotransferase, only sligh tly  shifted tow<ards the
alkaline side. No difference was found using tris  or phosphate buffer.

The activity of ty rosine-a-ketog lu tarate  am inotransferase (Table 1) 
w as found to be h igh in  the perch, pike and frog, seyetral tim es higher 
than  in the rat. In  the frog, the  aetivity of the emzyme was higher 
in the spriing and sum m er than  in w inter; in the matinig season no dif- 
ferences between the two sexes were found.

Lin & Knox [11] obseryed th a t in traperitoneal adm inistration to
ra ts  w ith intact adrenal glands of tyrosine ог of hydrocortisone resulted
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T a b l e  1

Actinity  of tyrosine aminotransferase in extracts from acetone-dried
liners of narious animals

The am ount o f protein in the sam ples ranged from 0.05 mg. (in fishes) to 4 rng. 
(in the pigeon) depending -on the activity. The results are m ean va lu es, w ith  
lim it values in parentheses; they are expressed  as iumoles o f p -h yd roxvp h en y l-  

pyruvate form ed/1'00 mg. protein /2 hr.

Animal No. of determinations Activity

1 Rat 11 25.7 (21.2- 30.5)
Pigeon 9 1.8 (1.6- 2.0)
Lizard 7 13.8 (12.6- 16.9)
Pike 6 115.4(114.1 - 117.2)
Perch 5 181.0(168.5 - 188.3)
Frog, winter 6 51.8 (47.5 - 56.9)
Frog, spring 5 74.9 (63.5 - 79.5)
Frog, summer 3 109.2(107.4- 112.0)
Snail 5 3.4 (3.2- 3.7)

in a several-fold inorease in the activity of ty rosine-a-ketoglu tarate  
am inotransferase in the Ііѵет, lasting for several hours. In the p resent 
work, an attem pt w as m adę to  obtain  a sim ilar effect in the fmg.

The anim als were mjecbeid in traperitoneal 1 у w ith a physiological 
salinę suspension of tyrosine (1 m-mole per 300 g. body weight) o r of 
hydrocortisone (10 mg. per 100 g. body wt.). The eon troi animals w ere

T a b l e  2

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

Tyrosine (1 m-m ole/300 g. body wt.) or hydrocortisone (10 mg./lOO g. body wt.) w ere  
adm inistered intraperitoneally  ais a suspension  in 0.9% NaCl. The control anim als  
received 0.9% NaCl. At the tim e indicated in the Table, the anim als were k illed , 
the livers w ere acetone-dried , and in  the extract the enzym ie activity w as 
assayed. The results are mean values from  experim ents on 3 anim als; in paren ­
theses the lim it values are given. The actiy ity  is expressed  as um oles o f p-hydro- 

xyp henylpyru vate form ed/100 mg. protein /2 hr.

Animal
Time after 

injection 
(hr.)

0.9% NaCl, 
control

Tyrosine Hydrocortisone

Rat 5 24 (23.7 - 24.6) 46.6(45.8-47.4) 177.5 (174 - 182)
Frog, winter 5 50 (47.5 - 52.5) 53 (49.6 - 56.7) 49 (48.4- 51)
Frog, summer 5 109 (107.8- 110.6) 108 (104 - 115)
Frog, summer 10 110.5(107.3- 113.7) 106.6 (914-115)
Frog, summer 15 112.6(108.6- 116.6) 106 (912-118.3)
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in jected  w ith  0.9% NaCl solution only. In agreem ent with the  ехрегі- 
m ents of Lin & Knox [11, 12] 5 hr. a fter the  adm inistration of tyrosine 
o r hydrocortisone to the  ra ts  the actiyity of am inotransferase increased, 
respectively, 2 - and 7-fold. In the frog neifher in wiinter, when the  
p ro tein  m etabolism  is very Iow, nor in sum m er did th is  effect appear 
(Table 2). As the absorptiom of hydrocortisone eonld be expected to be 
slow er in the frog than  in the rat, the enzymie actiy ity  w as tested not 
only 5 hr., but also 10 and 15 h r. a fter the  injectiom. Even so, no inerease 
of am inotransferase actiyity due to hydrocortisone, was obseryed.

p-H ydroxyphenylpyruvate  oxidase

p-H ydroxyphenylpyruvate, a tyrosine trainsam ination product, is oxi- 
dized in m am m als to hom ogentisate th rough a со тр іе х  reaction  involving 
oxidation, decarboxylation, and shifting of the  side Chain. The actiy ity  
of th is oxidase was assayed m anom etrically in  a W arburg apparatus 
accordirug to La Du & Zannoni [9]. The m ain com partm ent of the fiask 
contained 0.5 ml. of 0.1 м-phosphate buffer, ipH 6.5, 25 M g . of 2,6-dichlo- 
rophenolindophenol, 20 Mmoles of reduced glutathione, 2 Mmoles of a,a-  
-d ipyridyl, and an appropriate 'amount of the  acetone-dried-liver ex tract 
in 0.1 м-phosphate buffer, pH 6.5. A lthough the  pH optim um  for th is 
reaction is above 7, the  yalue of 6.5 was applied sińce aocording to P itt 
[18] at pH yalues above 7 in  the presence of oxygein, p-hydroxyiphenyl- 
pyruyate  is non-enzym ieally oxidized to p-hydroxybenzaldehyde and 
oxalate. The side arm  of the m anom etrie fiask was filled w ith  5 м то -les 
of p-hydroxyphenylpyruvate, and the central well w ith 0 . 2  ml. of 1 0 %  
KOH. The finał yoliume of the  fluid was 2.8 ml., w ith air as the gas phase 
and temp. 30°. A fter eąuilibration of tem peratu rę , the substra te  was 
tipped  in, and oxygen coinsumption was read еѵегу 10 min. Homoigentisic 
acid was identified by paper Chromatography after deproteimizatiom w ith
0.42 ml. of 20% m e taphosphor i с acid. The separation w as perform ed 
according to Knox & LeM ay-Knox [7] in an atmo,gphere of formie acid 
ѵаіроиг on W hatm an no. 1 paper, usimg w ater-satu rated  n-butainol. The 
spots w ere loeated by spraying w ith ammomiacad A gN 0 3  which gives 
w ith homogentisic acid a black-blue spot w ith  R F 0.70.

In  the Iivers of all anim als tested except the  frog, oxidation of p-hy- 
droxyphenylpyruvate was observed. The oxygen consum ption was at its 
m axim um  after about oine hour of incubation, and w hen the endogenous 
oxidaition was subtraoted, the yalues obtained did no t exceed 1 1 0  мі. 0  >, 
th a t is the am ount necessary to oxidize 5 Mmoles of hydroxyphenylpy- 
ruvate . In the control sam ples containinjg no  enzymie extract, no oxygen 
uptake was obseryed.

The actiyity was the highest in fishes (Table 3), being about 8  tim es 
h igher th an  that found in the rat, and in the  pigeon and liziard 2-3 tim es
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T a b l e  3

A c tim ty  of p -hydroxyphenylpyruva te  oxidase 
in acetone-dried-liver extracts

The assays w ere m ade in a W arburg a,pparatus, as described  in text. The am ount 
of protein  in sam ples w as from  3.5 mg. (in fishes) to 50 mg. (in the snail). The 
results are m ean values, w ith  lim it values irn parentheses; they are expressed  
as ці. o f u tilized  oxygen/100 mg. proteLn/10 m in . o f  incubation. A fter incubation, the- 

presence of hom ogentisic acid w as assayed  chrom atographically.

Animal No. of deter- 
minations

Control 
(no substrate)

With substrate A Homogen­
tisic acid

Rat 8 17 (10- 29) 55 (51 - 68) 38 ■ +
Pigeon 4 49 (41 - 60) 150 (138- 164) 101 +
Lizard 2 26 (22- 40) 109 (99- 118) 83 +
Pike 4 12 (9 - 15) 255 (230 - 278) 243 +
Perch 4 155(115 - 202) 491 (417-562) 336 +
Frog, winter 4 37 (31 - 44) 37 (28 - 41) 0
Snail 4 26 (24- 27) 61 (56- 64) 35 —

higher th an  in the ra t. It w as found by chrom a tograiphy th a t 'hydro- 
xyphenylpyr,uvate gradually  dim inished du ring  incubation and eventual- 
ly disappeared, aind hom ogentisate was sim ultaneously formed.

The oxygen up take  in snail hepatopancreas was sim ilar to th a t found 
in the ra t, bu t 'no form ation of hom ogentisate could be dem onstrated. 
In the frog, ne ither during  hibernatioin n o r in spring or sum m er could 
the  activ ity  of p-‘hydroxyphenylpyruvate oxidase be obseryed. Since 
some inhibitor could be expected to be present in the Ііѵег extracts, the 
ex tracts were dialysed for 18 hr. against w ater; this, howeyer, had  no 
effect on the  enzymie actiyity. Also no inhibition was found to occur 
w hen the  frog extra,ct was added to  th e  p e rch  ex tract. Since in m am m als 
the hydroxyphenylpyruvate  oxidase is know n to contaiin tigh tly  bound 
copper [5] it was thought th a t in  the froig thi;s bonding m ay be less strong 
and th a t during acetone-drying th e  copper m ay become d,iss*ociated. 
W hen, how eyer, the Cu2+ ion was added to the  incubation m ixture, th is 
resu lted  only in an inerease of endogenous resp iration  but had no effect 
on the oxidatioin of ;hydroxyphenylpyruvate.

Since i t  appeared impossible to  dernonstrate the  presence of hydro- 
xyphenyl:pyruvate oxidase in frog ііѵег, a ttem pts w ere m ade to find 
it in the kidney, but the resu lts  obtained w ere also negative.

Oxidation of homogentisate

The oonyersion of hom ogentisate to fum arate  and acetoacetate is ca- 
talysed by three-com ponent enzymie system  (Knox & Edw ards [6 ]): oxy- 
genase containing the Fe2+ ion, oxidatively cleayes the  aromat,ic ring
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of hom ogentisate to form m aleylacetoaeetate which is converted by cis- 
-trans isom erase aetivated by glutathione to fum arylacetoaeetate which 
in tu rn  is hydro lysed  to yield fum arate and acetoacetate.

H om ogentisate oxygemase was determ ined m anom etrically in a W ar- 
burg apparatus. The m ain  com partm ent contained 100 t-mioles of t r is  
buffer, pH  7.2, 10 umodes of reduced glutathione, 2 M-moles FeSC>4 , and. 
acetone-dried-liver ex tract in tris buffer, pH 7.2. To the side arm  w as 
added 1 0  mJ. o f homogentisic acid which bad not been neutralized  to 
prevent non-enzym ic oxidatiotn. The central well was filled w ith 0.2 m l. 
of 10% KOH. The finał volum e of fluid was 3.0 ml., w ith  air as th e  
gas phase and temp. 30°. A fter tem peraturę eąuilibration, the  substra te  
was tipped in, and oxygen consumptioin was read  еѵегу 1 0  min., th e  
values over the  endogenous resp iration  of the  ex traet being taken as the  
m easure of enzym ie activity. M aximum oxygen 'Uiptake :never exceeded 
2 2 0  (xl. 0 2, th a t is the value corresponding to the oxidation of 1 0  м-moles 
of hom ogentisate. In sam ples w ith no Fe2+ added, there was no oxidation

of hom ogentisate indicating the loss of this ion during  the preparation 
of the acetone-dried Ііѵег. W hen no glutathione was added, the  reaetion  
was much slow er (Fig. 3).

In the livers of all animaUs tested except the snail, oxidation of hom o­
gentisate was observed (Table 4). However, the activities per 100 mg. 
pro tein  per 1 0  m in. of incubation were always lower than  in the ra t .

A fter 1 hr. iincubatioin, acetoacetate was estim ated by the m ethod of 
Edson [4] which oonsists in estim ating the am ount of C 0 2  resu lting  from  
decarboxylation of acetoacetate catalysed by an ilinę citrate . W ithin 
12 min. at pH 4, all acetoacetic acid Uindergoes decarboxylation but no
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fum arylacetic acid is decarboxylated [3]. In all sam,pies in which the 
oxidation of hom ogentisate took place, formatioin of acetoacetate was 
observed; in the contro! samiples no acetoacetate was detected.

T a b l e  4

Oxidation of homogentisate by acetone-dried-liver extracts
Conditions of experim ent as desoribed in text. The am ount o f protein in .samples 
from  7,5 m g. to 55 mg. The resultis are mean values, w ith  lim it va lu es in paren- 
theses; they are expresised as ці. of utilized o xygen /100 mg. protein /10 min. of

incubatiom.

Animal No. of deter- 
minations

Control 
(no substrate)

With substrate A

Rat 4 91 (81 - 107) 512(450- 568) 421
Pigeon 4 8 (4- 14) 166(155 - 180) 158
Lizard 2 20(12- 28) 120 (90- 150) 100
Perch 4 107 (84 - 140) 383 (364 - 406) 266
Frog, winter 4 39(34- 43) 278 (236- 310) 239
Snail 4 17(12- 21) 16 (11- 24) 0

W hen 1 -mole of oxygen is u tilized for the oxidation of homogentisate, 
form ation of 1  mole of acetoacetate could be expected; the resu lts  shown 
in Table 5 indioate, howeyer, th a t the am ount of acetoacetate formed 
corresiponded to only about a half of the oxygen utilized. It seems, 
therefo re , that a fte r 1  hr. incubation only a half о-f m aleylacetoacetate 
form ed w as fu rth e r  hydrolysed to fum arate  and acetoacetate.

. T a b l e  5

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

C o n d i t i o n s  a s  d e s c r i b e d  i n  t e x t .

Animal Amount of protein 
(mg./sample)

0 2 utilized Acetoacetate formed
(nmoles/l hr./sample)

Rat 24 5.1 3.4
24 5.5 3.1

Pigeon 55 5.5 2.1
55 6.1 2.5

Lizard 40 3.2 1.5
40 3.1 1.6

Perch 15 8.6 5.0
15 8.0 4.5

Frog, winter 22 4.2 2.2
22 4.3 2.0

Snail 34 0.3 0
34 0.28 0
http://rcin.org.pl
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DISCUSSION

The presented experim ents indicate that the oxidative breakdow n 
of tyrosine in the pigeon, liziard, pike and perch follows the same path - 
w ay as tha t found in mammals. Since all determ inations were carried 
o u t under the same conditions and at the  same tem peraturę, and the 
ex tracts  from  acetone-dried livers m ay be regarded as a fadrly uniform  
m ateriał, it seem ed that a comparison of the actiyities obtained may be 
allowed. Rat Ііѵег was taken as reference and aetiv ities found in other 
anim als were expressed in relation to this actiyity, taken as 100 (Table 
6 ). The yalues obtained were found to differ widely, and m oreoyer there 
was no pa.rallelism between the successiye enzymes of the oxidative 
breakdow n of tyrosine.

T a b l e  6

Comparison of actinity of the enzymes of oxidative breakdown
of tyrosine in Ііѵег

T he actiy ities w ere  referred to the actiy ity  found in the rat; the values giyen  
w ere calculated from  Tables 1, 3 and 4.

Animal
Tyrosine-a-keto­
glutarate amino­

transferase

p-Hydroxyphe-
nylpyruvate

oxidase

Homogentisate
oxygenase

Rat 100 100 100
Pigeon 7 266 37
Lizard 54 220 24
Pike 440 640 —
Perch 700 880 63
Frog, winter 200 0 57
Frog, spring 290 0 —
Frog, summer 420 0 —
Snail 13 93* 0

* Only u tilization  o f  oxygem was found ; hom ogen tisate , the reac tion  p roduct, was no t dem onstrated .

In the pigeon, the  actiyity of tyrosine am inotransferase was ra th e r 
Iow, the actiyity of p-hydroxyphenyljpyruvate oxidase w as 2.5 tim es 
that found in the ra t, and the actiyity of hom cgentisate oxygenase again 
lower. Sim ilar relations were found in the lizard. On the o ther band, 
in fishes both am inotransferase and p-hydroxyphenylpyruvate  oxidase 
were 4 - 9  times more active than the corresponding enzymes in the  rat, 
while homogentisate oxygenase in the perch had but half of the  actiyity 
found in the rat. It seems that in fish liyers very  high actiyity of amino- 
transferases is present *as the actiyity  of aspar tat e - a -̂ k e t cg 1 u t ar ate am ino- 
transferase  found in cairp Иѵег exceeded 30 tim es thait in the rabhiit and 
pigeon (Raczyńska-Bojancwska & Gąsiorowska, unpublished results).

[9]
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Quite unexpected resu lts  were obtained w ith the frog. In all m aturę 
frogs, irrespective of the seasonal physiological conditions, the actiy ity  
of am inotransferase was high, 2 - 4  times th a t found in the ra t, but 
ne ither in spring and sum m er nor in w inter was it possible to demon- 
s tra te  the presence of p-hydroxyiphenylpyruvate oxidase. A lthough the 
enzyme catalysing the form ation of hom ogentisate was not p resent, the 
enzyme oxidizing hom ogentisate w as found to be fairly  active.

The lack of only ome enzymie reaction im the tyrosine breakdow n 
chain in the frog would be in some respect analogous to a lkaptonuria , 
an  inborn erro r of m etabolism  in mam. In 1958 La Du, Zannoni, L aster 
& Seegm iller [10] studying a fragm ent of Hver tissue taken intra opera- 
tionem  from an alkaptonuric pa tien t, found that hom ogentisate oxy - 
genase actiyity was the only in term ediate step  missing, while the acti- 
y ities of tyrosine am inotransferase, p-hydroxypheinylpyruvate oxidase, 
m aleylacetoacetate isom erase and fum arylacetoacetate hydro łase did not 
d iffer from  those of norm al subiects. La Du et al. were also unable 
to demoinstrate the presence of an inhibitor of the missing enzyme.

The lack of p -hydroxyphenylpyruvate  oxidase in  th e  frog seem s to 
be analogous to another defect of tyrosine m etabolism  in m an w hich has 
been described by Medes and term ed tyrosinosis [14]. The patient ex- 
cre ted  in the  urine p-hydroxyphenyl'pyruvate and p-hydroxyphenyllac- 
tate , presum ably due ito the inability  to oxidize p-hydToxyphenylpy- 
ruyate .

In the  snail, the am inotransferase actiyity was but slight, aind th e  
subseąuent enzymes of tyrosine m etabolism  could not be dem onstrated. 
A lthough the ex tracts from  the hepatopancreas in the presence of p -hy- 
droxyphenylpyruvate utilized oxygen, the oxidation did not lead to the 
form ation of hom ogentisate, and aiso hom ogentisate was not oxidized.

These resu lts  are sim ilar to observations made on insects. Sekeris & 
K arlson [19] dem onstrated the presence of ty rosine-a-ketoglu tarate  am ino­
transferase in Calliphora Іагѵае, but the hydroxyphenylpyruvate form ed 
w as reduced to p-hydroxyphenylpropionate. A Iow actiy ity  of amino­
transferase in pupae aind adult m oth of Celerio euphorbiae  was obseryed 
by Bełżecka, Laskowska & M oehnacka [1], while the a ttem pts at demon- 
stra tion  of the oxidat:on of p-hydroxypheinylpyruvate in hom ogenates 
from  caterpillars, pupae in sum m er, and adult moth, w ere unsuccessful 
(Michałek-Moricca, unpublished results). Only in the diapauzing pupae, 
sim ilarly  as in the snail, oxyigen ccnsum ption lin the presence of p-hydro- 
xyphenylpyruvate  was obseryed, bu t the form ation of hom ogentisate 
could not be dem onstrated. It seems, therefore, that in the invertebra tes 
tested  so far, i.e. in the snail Неііх pomatia, in Calliphora and in Celerio 
euphorbiae, the m ain pathw ay of tyrosine m etabolism  d iffers from  th a t 
found in mammals.
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SUMMARY

1. It w as found tha t in the livers of pigeon, lizard, perch and pike, 
ty rosine is oxidatively deoomposed to fum arate  and acetoacetate, sim i- 
larly  as in  mammals.

2. In  adu lt froig, one of the interm ediate steps, p -hydroxyphenyl- 
pyruvate  oxidase, could not be dem onstrated. It seems tha t a m etabolic 
błock is involved.

3. In snail hepatopancreas, only tyrosine am inotransferase was demon­
strated, and the  breakdown of tyrosine seem s to proceed through a d iffe- 
re n t pathw ay.
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B ADANIA PORÓWNAWCZE NAD PRZEM IANĄ TYROZYNY  
U RÓŻNYCH ZWIERZĄT

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

1. Stwierdzono, że w  w ątrobie gołębia, jaszczurki, sandacza i  szczupaka t le ­
now y rozkład tyrozyny b iegn ie taką samą drogą jak u ssaków  do fum aranu i ace'to- 
oetanu.

2. U  dorosłej żaby n ie u dało  s ię  w yk azać jednego enzym u z ciągu reakcji, 
ok sydazy p-hydroksyfenylopyrogronianu. W ydaje się , że jest to blok m etaboliczny.

3. W hepatopancreas ślim aka w ykazano jedynie am inotransferazę (tyrozyny; 
praw dopodobnie rozkład tyrozyny idzie inną drogą.

Receiwed 26 N oyem ber 1964.
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ENERGY-LINKED REDUCTION OF THE MITOCHONDRIAL 
NICOTINAMIDE-ADENINE DINUCLEOTIDES BY CHOLINĘ 

AND SARCOSINE

Insti tu te  of B iochem istry  and Biophysics, Polish A ca d em y  of Sciences, W arszaw a

In 1957 Chance & Hollunger [2] found that nicotinam ide-adenine 
dinucleotides of tigh tly  coupled ra t heart m itochondria oould be largely 
reduced upon the addition of succinate. In m itochondria o-f loousta 
flight muscle aind in ra t  skeletal m uscle m itochondria th e  same resu lt 
could be obtained when glyeero- 1 -phosphate w as used as substra te  [8 ]. 
F u rth e r studies carried out in various laboratories showed th a t this 
effect was dependent on the supply of energy and  it bas been dnter- 
preted  as an energy-Mnked reyersal of the  electron flow through the 
resp irato ry  chain [6 ].

The purpose of th is work was to study  the influence of cholinę and 
sarcosine, two substra tes oxidized directly by  flavoprotein enzymes [3, 10] 
on the degree of reduction of the  m itocbondrial niootinam ide-adenine 
dinucleotides.

MATERIALS AND METHODS

W istar albino ra ts  weighing from 220 to 250 g. w ere used w ithout 
prior starving. The anim als w ere killed by decaipitation, the livers 
remoyed im m ediately, im m ersed in ice-cold 0.25 м-sucrose solution and 
washed seyeral tim es w ith this medium. M itochondria w ere prepared in 
0.25 м-sucrose - 2 т м -EDTA - 0.03 м-nicotinam ide by differential centri- 
fugation (first centrifugation at 500 g, seeornd at 4500 g), wasihed once 
and finally suspended in the same medium.

The oxygen uptake and oxidative phosphorylation w ere m easured 
polarographically w ith  C lark  oxygen electrode in  0.25 м-sucrose - 0.01 m- 
-triethanolam ine hydrochloride (TRA) -1  т м -EDTA medium, pH 7.2. 
The experim ents on the reduction of the  m itochondrial nicotiniamide- 
-'adenine dinucleotides were carried out in the same m edium  (for details 
see Tables). To facilitate the penetration  of cholinę into the m ito­
chondria, the experim ents w ere  carried  out a t 37° and the tim e of 
incubation was at least 10 min. Reduced and oxidized nicotinam ide-
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-adenine dinucleotides were determiined enzym ically aeccrding to th e  
m ethod otf K lingenberg [5], redueed form s in alkaline and oxidized in 
acid m itochondrial extracts; alcohol dehydrogenase was used to de te r- 
mine NAD, lactic dehydrogenase to  determ ine redueed NAD, and 
glutam ate dehydrogenase for determ ination  of redueed NADP. P ro te in  
w as determiined by the biuret m ethod as- described by Szarkowska 
&  K lingenberg [15].

Substrates aind cofactors w ere commercial products: ATP (Pabst Lab., 
M ilwaukee, Wisc., USA), ADP (Sigma, St. Louis, Mo. USA), cholinę 
chloride and sarcosine (Light Co. Ltd. Colnbrook, Bucks, England); 
betaine aldehyde (form ylm ethylam m onium  don) was synthesized accord- 
ing to the  m ethod of Bergel et al. [1]. Alcohol dehydrogenase was prepared 
from  baker yeaist by the m ethod of Racker [12], lactic dehydrogenase 
from  beef h ea rt muscle according to Neilands [11] and g lutam ate dehydro­
genase from  beef Ііѵег according to  S trecker [14]. O ther reagents w ere 
of Polish origiin.

RESULTS

Охудеп uptake and respiratory control w ith  cholinę and sarcosine
as substrates

It is know n that cholinę does not en ter freely in tact m itochondria and 
therefore only after repeating  freezing and thaw ing or another trea tm en t 
resu lting  in disin tegration of the  m itochondrial m em branę, cholinę is

Fig. 1. Oxygen. uptake and respiratory control (a), w ith  cholinę and (b), w ith  
sarcosine. Rat Ііѵег m itochondria (12 mg. protein) w ere  preineubated in  1 mL 
sucrose -  triethainolaimiine hydrochloride - EDTA m edium , ,pH 7.2, w ith  2.5 шм-Р; 
■and І .б іт м -ADP. The 'incubation m ixture w as aerated to prevent anaerobiosis.
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oxidized to  ain appreciable extent [16]. Since iin tigb tly  coupled, freshly 
p repared  m itochondria cholinę oxidatioin is not too efficient, in o<ur 
experim ents -greater am ount of m itochondria had to be used to obtain 
m easurable results. The dense m itochondrial suspension used oontained 
a great am ount of endogenous substrates exhibiting a resp irato ry  control 
and therefore , to obtain  a  elear picture, cholinę could be added only 
a fte r  all endogenous substrates had been exhaiusted by adding repeated ly  
sm ali am ounts of ADP. U nder such conditions, m itochondria w ere able 
to oxidize cholinę and exhibit resp ira to ry  control (Fig. la). W hen 
sarcosine was used instead of cholinę, oxidation and resp iratory  control 
were also observed (Fig. Ib).

Reduction of nicotinamide-adenine dinucleotides by cholinę

Table 1, experim ent 1, shows th a t whein cholinę was used as sub- 
stra te  there  ooourred an appreciable reduction of the m itochondrial 
nicotinam ide-adenine dinucleotide sim ilar to th a t obtained w ith  succi- 
nate. Howeyer, the addition of ATP in the  presence of cholinę caused 
a deorease in the reduction. The d irect product of cholinę oxidation, 
betaine aldehyde, is oxidized in m itochondria by NAD, and in our 
experim ents, the  reduction of NAD by betaine aldehyde was very  pro- 
nounced (Table 1, expt. 2). On the o ther haind, betaine, the product of 
betaine aldehyde oxidation, upon the addition of ATP could be

T a b l e  1

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

M edium : 0.25 м-sucrose - 10 т м -TRA - 1 т м -EDTA, pH 7.2. Substrate concn., 10 гам; 
ATP, 3.3 т м ;  rait Ііѵег m itochondria, 14 mg. protein/m l. Incubation m ixture w as  
flushed  w ith O2 for 5 min., then ineubated for 10 m in. at 37°. R educed and oxid ized  

NAD  w as estim ated. 2  N A D  represents the sum  of NAD  and reduced NAD.

Expt.
no.

Addition Reduced NAD  
(jamoles/g. protein)

Reduced N A D /S NAD

I None 0.16 0.05
Cholinę 1.32 0.40
Cholinę and ATP 1.07 0.32
Succinate 1.36 0.40
Succinate and ATP 1.81 0.56

11 None 0.40 0.12
Cholinę 1.44 0.39
Cholinę and ATP 1.07 0.28
Betaine aldehyde 1.68 0.45
Betaine aldehyde and ATP 1.68 0.45

http://rcin.org.pl



182 L . S Z A R K O W S K A  a n d  M . E R E C I Ń S K A [41

expected to  accept hydrogens from reduced NAD and thus  push the  
reaction in the reverse direction, decreasing the level of reduced NAD.. 
Howeyer, in our exiperiments ATP did no t affect the reductdon level 
of NAD.

To elim inate the possible effect of betaine aldehyde, arsenite  w a s

T a b l e  2

The effect  of arsenite on the reduction of NAD
M edium : sucrose - TRA - EDTA, ipH 7.2. Substrate concn., 8 т м і  m itochondria, 
16.4 mg. protein/m l. Incubation m ixture w as flu sh ed  w ith  0 2 for 5 min., then

inculbated for 10 min. at 37°.

Expt.
no.

Addition
NAD ([zmoles/g. protein)

no arsenite 2 т м -arsenite

I None 2.13 2.64
Succinate 1.09 1.78
Cholinę 1.21 1.84
Betaine aldehyde 1.50 2.58

II None 2.04 2.80
Sarcosine 1.34 1.77
Formaldehyde 0.73 2.91

T a b l e  3

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

M edium : sucrose - TRA -  EDTA, pH 7.2. Substrate concn. 8 им; arsenite, 2 т м ;  m i- 
tochondria, 16 m g. protein/m l. Incubation m ixture w as flushed w ith  0 2 for 5 min., 
then  KCN w as added to 1 т м  concn., fo llow ed  by the substrate, and 3.3 т м -А Т Р  
w h ere indicated; then  N 2 w as passed  for 3 m in. The tubes w ere closed w ith  
glass stoppers under the stream  o f N 2. In one experim ent a fter  10 min. o f  in cu ­
bation  w ith cholinę, A TP w as added and the incubation was continued for further

5 m in.

Addition Reduced NAD  
(pmoles/g. protein)

Reduced NAD/ 
E NAD

Reduced NADP  
(jzmoles/g. protein)

None 0.18 0.06 0.47
ATP 0.20 0.06 0.47
Succinate 0.74 0.25 1.50
Succinate and ATP 1.48 0.50 2.62
Cholinę 1.07 0.37 2.18
Cholinę and ATP 1.07 0.37 2.18
Cholinę, and ATP added after

10 min. incubation 1.62 0.53 3.03
Betaine aldehyde 0.35 0.11 0.62
Betaine aldehyde and ATP 0.35 0.11 0.62
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added to the  ineubation m ixture. It w as found that arsenite, an inh ib itor 
of oxidaition o f endogenous substrates [13], suppressed also the NAD- 
-linked  oxidatdo'n of betaine aldehyde (Table 2), therefore fu rth e r ехрегі- 
m ents on cholinę oxidation were carried ou t in the presenoe of 2 m m- 
-arsen ite  to  elim inate the effect of betaine aldehyde. KCN was also 
added to th e  ineubation m ixture. In spite of the  presence of arsenite, 
A TP added sim iultaneously with cholinę d id  not inorease the reduction 
of NAD (Table 3). Since ATP is a m itochondria contracting agent, it 
m ight d im im sh the perm eability  of the mitochoindriad m em brane for 
cholinę; therefore A TP was added after prelim iinary 10 min. ineubation 
of m itochondria w ith  cholinę. U nder these conditions ATP caused an  
inerease in the  level of redueed dinucleotides sim ilar to th a t obtained 
w ith  succinate. The sam e effect of ATP was obtained in the system  to 
which A ntim ycin A was added instead. of KCN (Table 4). Both these

T a b l e  4

The reduction of nicotinamide-adenine dinucleotides in the system  
inhibited by An tim ycin  A

Conditions as described £n Table 3, except that A ntim ycin  A, 3 iig./mg. protein, 
w as added in stead  o f KCN. M itochondria, 14.6 mg. protein/m l.

Addition Redueed NAD  
([zmoles/g. protein)

Redueed NAD/ 
S N A D

Redueed NADP 
(jxmoles/g. protein)

None 0.18 0.06 0.42
ATP 0.18 0.06 0.50
Cholinę 0.83 0.28 1.34
Cholinę, and ATP added afteir

10 min. ineubation 1.74 0.60 3.50
Betaine aldehyde 0.18 0.06 0.44
Betaine aldehyde §lld ATP 0.18 0.06 0.46

T a  b l e  5

The ef fect  of albumim on the reduction of nicotinamide-dinucleotides  
in the presence of cholinę

C onditions as described in  Table 3. A lbum in, 1.2 m g./ml.; m itochondria, 15.7 m g. 
protein /m l. Ineubation, 10 min. at 37°.

Addition Redueed NAD  
([i.moles/g. protein)

Redueed NAD/ 
S  NAD

Redueed NADP 
(p-moles/g. protein)

None 0 0 0.16
Albumin 0 0 0.13
Cholinę 0.94 0.31 1.40
Cholinę and albumin 1.62 0.55 3.06
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experim ents w ere carried out uinder nitrogen to avoid th e  possibility 
of auto-oxidation of cytochrome Ъ in the cholinę oxidase chain.

Albumin, a kinown coupling agent, had  an effect sim ilar to tha t of 
ATP (Table 5).

Reduction of nicotinamide-adenine dinucleotides by sarcosine

W hen sarcosine w as used as substrate, arsenite was also added to 
imhibit the  oxidation of form aldehyde, the product of sarcosine oxida- 
tion. The effect of sarcosine on the reduction of nicotm am ide-adenine 
dinucleotides was sim ilar to th a t of cholinę, both in the presence of ATP 
and album in (Table 6 ).

DISCUSSION

From  presented data dt cain be seen that cholinę and sarcosine, sub- 
s tra tes oxidized w ithout direct participation of nicotinam ide-adenine 
dinucleotide, can reduce this dinucleotide. Sim ilarly as w ith succinate 
and glycero-1 -phosphate, the reduction is energy-iinked and i t  m ay 
occur via the reversal of the electron flow through th e  resp irato ry  
chain. Upom the addition of cholinę the  foliowimg reactioms determ ine 
the oxido-reductkm  sta te  of m itochondrial NAD: energy-iinked reduc­
tion of NAD by cholinę and its direct reduction by betaine aldehyde 
(Fig. 2). Owing to its ѵегу Iow oxido-reductiom potential, the aldehyde 
can reduce m itochondrial NAD to a high exte;nt in the  steady-state.

T a b l e  6

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

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

Addition
Reduced NAD  

(pimoles/g. protein)
Reduced NAD/ 

2  NAD
Reduced NADP  

(p.moIes/g. protein)

None 0.21 0.08 0.47
ATP 0.21 0.08 0.47
Albumin 0.21 0.08 0.47
Sarcosine 0.65 0.23 1.46
Sarcosine, and АГР added

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

From  the  therm odynam ic comsideratioms it follows thait the  reverse 
reaction is determ ined by the supply of energy. The eąuilibrium  point 
w ill depend on the  local concentration of substrates, their oxidatkm  
products and on the  concentration of hiigh-energy contpounds. Our 
resu lts  obtained w ith betaine aldehyde im substra te  concentration, do 
not indicate the shift of the eąuilib rium  tow ards oxidation of reduced
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Fig. 2. O utline o f cholinę and betaine a ldehyde oxddaitiion in  Ііѵег miltochoindria.
Fpj, Cholinę d eh yd ro g en a se; Fp2, red uced  NAD d eh y d ro g en a se .

NAD upoin the  additioin of ATP. This fact, however, does not exclude 
the possibility that during oxidation of cholinę in m itochondria the 
concentration of betaine aldehyde form ed can uinder some circum stances 
be such that this reaction would be possible.

The use of arsenite, which inhibits the reduetioin of NAD by betaine 
aldehyde, creates a coinvenient system  for the study  of the  reversal of 
electron flow w ith cholinę as substrate; it elim inates the possibility of 
the reduction of NAD by the form ed aldehyde in coinseąuence of com- 
petition either for a common with cholinę oxidative pathw ay [9], o r for 
a common interm ediate of oxidative phosphorylation. The presence of 
arsenite elim inates also the participatlom of emdogenous substra tes in 
NAD reduction.

The same considerations a re  valid with respect to  sarcosiine and the 
product of its oxidation, form aldehyde.

NADP undergoes sim ilar oxido-reduction changes as NAD, probably 
due to the action of reduced NAD-NADP transhydrogenase. Taking the 
values of 3.2 Mmoles/g. protein for NAD and 4.8 purdes/g . p ro tein  for 
NADP i-n r a t  Ііѵег m itochondria [7], it seem s that the  eąuilibrium  lies 
towards reduction of NADP.

According to  K im ura et al. [4] the cholinę aind sucoinate oxidase 
chains are different at the  level of cytochrom e b; the b comiponent of 
cholinę oxidase chain m ay become auto-oxidizable uinder suitable eondi- 
tions. Both oxidases operate th rough  the  resp ira to ry  chains, which are 
interlinked betw een cytochrome q  and oxygen. The presented possibi­
lity of NAD reduction by cholinę in the system  inhibited by A nti- 
mycin A indicates the existence of an intercommunica.tion betw een NAD 
and this part of the electron pathw ay  w hich is d ifferen t for cholinę.

The authors wish to express their gratitude to Prof. Dr. Józef H eller 
for his in terest and helpful diseussions during the course of this wonk.
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SUMMARY

Cholinę aind sarcosine, tw o substrates oxidized directly  by flayo- 
p rotein  enzymes, can reduce ruicotinamid e-adenin e dinucleotides in 
tigh tly  coupled ra t  Ііѵег m itochondria, The reaction  depends upon th e  
supply of energy and  it ocours via  the reversa l of the e lectron flow 
through the  resp ira to ry  chain.
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REDUKCJA DW UNUKLEOTYDÓW  NIKO TYNAM IDO-ADENINOW YCH  
W M ITOCHONDRIACH PRZEZ CHOLINĘ I SARKOZYNĘ ZALEŻNA  

OD DOSTARCZENIA ENERGII

S t ,r e s z с z e n  i e

Cholina i sarkozyna, substraty  u tlen ian e bezpośrednio przez flaw oproteinow e  
enzym y, m ogą redukow ać dw un  uk 1 eotydy n iko t ynaimido - ad e n ino w e w  skojarzo­
n ych  m itoehondniach w ątroby szczura. R eakcja ta zależy od dostarczenia energii 
i zachodzi poprzez odw rócenie kierunku przepływ u elektronów .

Receiived 28 N oyem ber 1964.

Note added  in proof: At the tim e this w ork  w^as subm itted for publication, 
a paper by G. B ianchi & G. F. Azzone d ealin g  w ith  pathw ays o f cholinę oxidation  
in  rat Ііѵег m itochondria, appeared in J. Biol. Chem. 239, 3947, 1964.
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Some new  enzyme inhibitora of anim al and p lan t orig in  have been 
necently  described. Birk et al. [1] have isolated from  soya beans a trypsiin 
inh ib itor of protein like naturę. Lindberg [3] bas p a rtia lly  purified  an 
inh ib itor of pancreatic  deoxyribonuclease from  cailf spleen. P hilpot & 
S tan ie r [5] have described a  therm ostable ribonuclease inhibitor of Iow 
m olecular weight, obtained from leaf extracits of Ligustrum  vulgaris. 
In  ou r laboratory  th ree  new  inhibitora of p lant origin w ere found: an 
arginase inhibitor from sunflow er seeds [6 ], an inhibitor of urease from  
poplar leaves [7, 9] and an inhibitor of ornith ine carbam oyltransferase 
from  carro t leaves [8 ].

In  th is  paper is presented the partia! purification of the arginase 
inh ib ito r from  sunflow er seeds, and some of its pnoperties.

MATERIALS AND METHODS

Preparation of the inhibitor. Kernels from sunflow er seeds, 1 0 0  g., 
w ere finely ground in a iporcelain mor ta r and suspended in  1  liter of 
d istilled w ater. Glacial acetic acid, 10 ml., was slowLy added, the  
suspension thoroughly m ixed for about 1  hr. and centrifuged a t 
4 000 r.p.m . for several m inutes. The supernatan t solution covered w ith  
a layer of liąuid fat, extracted  from the seeds, was filte red  through  
folded filte r paper. The elear yellowish supem a.tant w as th en  eva- 
porated  to  dryness on a boiling w ater bath and the dry  bro.wn residue 
w as dissolyed iin the  cold in 50 ml. of m ethanol. The precip ita te  w as 
centrifuged off and  washed again w ith  additional 50 ml. of m ethanol. 
A fter repeated centrifugation, the precipitate w as discarded and  the 
combined superna tan ts  evaporated to  dryness on a  w a te r bath, care 
being taken to rem oye m ost of the acetic acid. The d ry  residue was 
dissolyed in 30 ml. of m ethanol, and 30 ml. of Chloroform were slowly 
added under constant stirring . A yisoous light brow n m atte r which
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separated  on addition of the chloroform, was discarded. The m ethanol- 
-chloroform  m ixture  was carefully  eyaporałed to dryness, the residue 
taken u p  in  10 ml. of d istilled  w ater, and to the elear solution 50 ml. 
of 2°/o barium  hydroxide solution w ere added. The solution of barium  
hydroxide was added in one lot; a bulky bright yellow  preciipitate w as 
forrned which w as im m ediately centrifuged for several m inutes at 
4000 r.p.m. The supemaltaint w as th en  discarded and the precipitate 
suspended in 5 ml. of distilled w ater. Then 1 n-H 2 S 0 4  was added care­
fully  to  pH about 5, the  precipitate dissolvimg on stirring, and the 
resu lting  barium  su lphate was centrifuged off. The elear supernatan t 
was eoncentrated to about 3 ml. and  put on a Sepibadex G-50 (coarse) 
column (2.3 cm. X 24 cm.). D istilled w ater was used as eluent w ith  
a flow ra tę  of about one drop p e r  8 -1 0  secoinds. The dark brown frac - 
tion  em erging as the  first effluent was discarded and fraetions w ere 
collected from th e  m om ent w hen  one drop of the  effluent gave 
a greenish-yellow  test w ith  2 ml. of 5% NaOH. The first collected 
fraction of about 40 - 45 ml. contained the bulk of imipurities w ith  very  
little  actiye m ateri!al. The second fraction of 50 ml. had a light s traw - 
-yellow  colour and contained alm ost all of the inhibitor. This fraction 
was eyaporated in ѵасио a t room  tem peratu rę  and the  dry  m ateria ł 
adhering to the  w alls of the vessel was rem oyed w ith a stainless steel 
spatula. A dry m ustard-coloured powder was obtained, w ith  a yield of 
60 to  80 mg. per 1 0 0  g. of sunflow er seed kernels.

Determination of arginase inhibition. A liąuots of the  inhibitor 
dissolyed in 0.5 ml. of w ater were p ipetted  into smali test tubes, followed 
by 0.5 ml. of a  1% suspension of acetone powder from 7 -day-old p lan ts 
of b itter łupin in m aleate buffer, pH 7.0, as a source of arginase [4]. 
To th is  0.5 ml. of a  0.5 м-solution of arginine brought to pH  10 w ith
0.2 N-HC1 were added, and the m ixture  was ineubated for 2 hr. a t 38°. 
A fter incubation, 1 ml. of 0.2 n-HCI and 2 ml. of 0.25% urease (Nutr. 
Biochem. Corip.) solution in 0.15 м-phosphate buffer, pH 6 .6 , w ere added 
and again ineubated for 30 min. at 38°; 1 ml. sam ples in ąuadruplicates 
w ere thein distilled  off, using the Conway techniąue [2]. For the estim a­
tion of arginase aetiyity, the  same procedurę w as employed, except th a t 
the inhibitor solution was replaced by 0.5 ml. of distilled w ater.

RESULTS AND DISCUSSION

Figurę 1 dem onstrates the effect of the inh ib itor concentration on 
arginase aetiyity. D istinct inhibition was obseryed aiready  a t a  con- 
centratioin of 0.5 Mg. of inh ib itor per 1 ml. of the  assay m ix ture . At 40 м-g. 
the inhibition am ounted to over 80°/o and no fu rth e r  inhibition could be 
obtained a t h igher concentrations of the inhibitor. Preincubatioin of the
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inh ib ito r w ith  the enzyme at neuitral :pH, ca used no changes in  the  ra te  
of inhibition  as compared with samples th a t had no t been preincubated.

In o rd er to establish the naturę of inhibition, experime:nts were con- 
ducted w ith yarious concentrations of the  enzyme and of the  substrate . 
Fig. 2 shows the effect of different concentrations of the inhibitor a t

Fig. l!. ІпМЬШюіп o f argimiase activi,ty ais a function of inhibitor conoentrafion.
A rginase concn., 1.1 mg. acetone powder/ml.; arginine eoncn., 56 u mol es/m l.

Fig. 2. E ffect o f arginase concentration at coinistamt substrate lev e l on inhib ition  
actiiyity: (# ) , w/ithout inhibitor; (O), wiith 5 Rg./m l. inhibitor; ( Д) ,  Iwiith 20 jag./ml. 
inhibitor. A rginine concn., 56 u m oles/m l. Aot'ivity e x p r e s se d  in  m l. 0.01 n -H CI, used

in the Conway techniąue.

constant levels of substrate, when inereasing am ounts of the enzyme 
w ere added. The inhibition was proportional to the  am ount of the  enzyme 
used. W ith decreasing am ounts of the enzyme a t the studied leyels of 
the inhibitor, a corresponding rise in the ra te  of inhibition could be 
obseryed.

A t constant enzyme and inhibitor levels, arginase activity was ąuite  
m arkedly  released by growing concentrations of the suhstrate  (Fig. 3). 
A two-fold iincrease of arginine caused a  slight drop of inhibition actiyity, 
bu t a four-fold inerease of the substrate  caused a notable loss. As can 
be seen, th is release of arginase actiyity was not proportional to th e  
ąuan tities of substra te  and was furtherm ore not large enough to suggest 
competitiye inhibition. Eyidence reported later in this paiper suggested 
th a t  th is  release w as due to ipartial destruction of the  inhibitor a t the 
alkaline pH yalues at w hich arginase is norm ally determ ined, additionally 
enhanced by the large excess of arginine present.

It has already been reported  that L-cysteine reactivated  arginase th a t 
had been inactivated by the inhibitor [6 ]. As can be seen from  Table 1,
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o th e r  reducing agents such as mercaiptoethanol and redueed glutathione 
m ay also resto re  the original arginase activity th a t had been blocked 
by  the inhibitor from  sunflow er seeds.

F ig . 3. Effect of argiiruiine conoentratiion ait comstant a-rginiaise lev e l on inhibitiom  
actiy ity . Arginaise oancin., 1.1 img. acetane pow der/m l.; inhibitor concn. ( • ) ,  10 Us./ml.;

(O), 2.5 ug./ml.

Fig. 4. E ffect o f L-cysteine on  the iinhibiitiion o f arginaise by the inhibitor from  
su n flow er iseedis. A rginase concn., 1.1 mg. aeetone pow der/m l.; arginine concn., 

56 u m oles/m l; inhiibiftor concn., 10 pg./m l.

T a b l e  1

Effect  of  reducing agents on reactination of arginase
C onditions: A rginase concn., 1.1 mg. acetone pow der/m l.; arginine concn., 56 p.mo- 
les/m l.; inhibitor concn., 4.7 p,g-/ml.; concn. o f the respective reducing agent,

10 fim oles/m l.

Addition
Arginase activity 

(% )

None 100
Inhibitor 43
Inhibitor and cysteine 100
Inhibitor and glutathione 100
Inhibitor and mercaptoethanol 98

Figurę 4 illustrates the  reactivation  by cysteine of the  inhibited a r­
ginase; 0 . 2 2  umoles of cysteine caused about 8 8 °/o reactiva tion  of arginase 
inhibited  by 10 ug. of the  inhibitor. We Ьеііеѵе th a t cysteine titra tions 
w ill be very  helipful in the  elucidatioin of the m echanism  of arginase 
inhibition, once the inhibitor has been obtained in a chem ically pure  
.state.
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General properties of the inhibitor. O ur purest inh ib itor preparation 
was only  23 tim es as active as the crude extract. N eyertheless it was 
pcssible to  аггіѵе at certaiin comclusions w ith respect to  the 'naturę of the 
inhibitor, the  mechamism of its  action and some of its properties.

The diffioulties in purifioation of the inhibitor w ere p rim arily  due 
to  lack of a rap id  'and rela tiyely  exact m ethod for the determ ination of 
the inhibitor. The p u rity  of the  substance could only be m easured by the 
tim e-consum ing assay of arginase inhibition. The additioinal diffioulty 
opnsisted in the high sensitivity of the  partia lly  purified  inhibitor to a ir 
oxidation. So for instance recycling of the  purified m ateriał on Sephadex 
resu lted  in  greatly  decreased yield o f the pu re  fractiom w ith ain addii- 
tional sm ali decline of its finał actiyity  as compared w ith the starting  
m ateriał. Filtratiom on Sephadex colum n in acid media, under nitrogen 
o r w ith  H 2 S-containinig w ater rem ained w ithout effect. Also attem pts 
to  obtain  purification by paper chrom atography have lairgely failed. 
V arious solvents were tried, such as benzene - acetic acid (9 :1 and 1 :1 ), 
isoamylalcohol - acetic acid (1 : 1 ), m ethanol - acetic acid ( 1 : 1 ), phe- 
nol - acetic acid (1 :19), dioxan - acetic acid (1 :1 ), cyclohexanol -  acetic 
acid in yarious proportions. P aper electrophoresis was also unsuccessful. 
■Only chrom atography and rechrom atography in  butanol - acetic acid - 
- w ater (4 :1 : 2) gave preparations of the  inhibitor com parable to those 
obtained by th e  use of Sephadex, but the finał yield w as considerably 
lower.

S im ilarly column chrom atography gave no satisfactory  results. 
A m berlite IRC-50, DEAE-Sephadex, OM -Sephadex and activated silica 
gel caused total o r partial losses of the inhibitor, w ithout increasing the 
actiyity  in any of the collected fractions. Chrom atography on Cellite and 
cellulose w ere also unsuccessful. Sephadex G-25 and G-75 w ere less 
effective th an  Sephadex G-50.

As m entioned before, the  p u r e s t  obtained inhibitor p reparations w ere 
rela tiye ly  unstable in dilute n eu tra l Solutions. As can be seen from  
Table 2, the inhibitor w a s  d e s t r o y e d  in neutral S o l u t i o n s  even at a  tem -

T a b l e  2

Effect  of  time on the stability of the inhibitor in dilute Solutions in acid 
and neutral media at a temperaturę of 6 - 8°

.Initial concn. of inhibitor, 1.35 ag./m l. The results express the гесоѵегу, determ ined  
by m easuring the inhibition o f  arginase activ.ity, the ąuantity  o f the inhibitor, 

in  ag./m l., being calculated  from  Fig. 1.

Inhibitor recovered
Time of storage (days)

14 20 34

In 0.01 N-HC1 1.35 1.25 1.32
In neutral solution 0.35 0.25 0.15
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pera tu re  of 6  - 8 °, and after 14 days only  26°/o of its  initial activity could 
be recovered. In acid Solutions the inh ib itor was stable and no changes 
were observed after 34 days at 6 - 8 °.

For short peiriods of tirne (15 miin.) the inhibitor was stable both in 
n eu tra l and acid Solutions even at a tem pera tu rę  of 100°. In alkaline 
solution the activity of the inhibitor dropped rapidly  and heating for 
1 miin. in 0.1 N-NaOH caused a 70°/o loss of initial activity^ (Table 3).

T a b l e  3

Effect  of heating at 100° on the stability of the inhibitor
In itia l concn. o f inhibitor, 7.8 pg./m l. The am ount o f inhibitor recovered w as

calculated ais for Table 2.

Time of heating Inhibitor recovered (pg./ml.) Recovery in 
0.1 N-NaOH

(%)
(min.) in neutral solution in 0.1 N-NaOH

1 7.5 2.1 27
2 7.7 2.1 27
5 7.5 1.0 13

10 7.7 0.95 12
15 7.8 0.8 10

Wave!ength (mp)

Fig. 5. U ltravio let spectrum  o f th e  
inhibitor from  sunflow er seedis, ( • )„  
in neutral solution; (O ), in a lkaline  
solution, pH 12. Inhibitor concn.^ 

10 pg./m l.

The uJtraviolet absorption spectrum  (Fig. 5) of the inhibitor showed 
absence of protein and nuclei с acids. In neu tra l and -acid m edia the 
spectra were identical. However, in alkaline solution a t pH 12 already 
a fte r 30 min. the absorption spectrum  bas changed irreversib ly , showing 
destruction of the inhibitor. The bro]ad peak in alkaline solution in con- 
junction w ith positiye phenol tests, suggest tha t the inhibitor m ay be

http://rcin.org.pl



[ 7 ] A R G IN A S E  IN H I B I T O R 1 93

a compound of polyphenol na tu rę . No attem pt was made to  in te rp re t 
th e  UV spectrum , as the  degree of purity  of the inhibitor is not yet 
known.

The inhibitor is a substance of Iow m olecular weight, as was shown 
by its behaviour on th e  Sephadex column. It was well re ta ined  by the 
grains of the gel and em erged last on oontinued elution. Furtherm ore, 
the  inhibitor dialysed easily through sem iperm eable m em branes (Table 4). 
A fter 1.5 hr. dialysis against 2.5 yolum es of w ater, 50% of the inhibitor 
was dialysed away, and a fte r 26 hr. only 5% of the  inhibitor rem ained 
in the dialysing bag.

T a b l e  4

Ef fect  of  dialysis of the inhibitor at a temperaturę of 6 - 8°
Inhibitor solution, 8 ml., w as d ia lysed  against 2.0 ml. of w ater, under constant 
stirring o f the external flu id , w hich  w as renew ed at tim es indicated  in the Table. 
T he am ount o f inhibitor w as calculated  as for Table 2. A fter 26 hr. of dialysis, 

4.23 mg. of the inhibitor rem ained in the dialysing bag.

Successive change 
of water

Time of dialysis 
(hr.)

Inhibitor in the external fluid 
(mg.)

1 1 5  (0 - 1.5) 43.8
2 1І5 (1.5- 3) 14.3
3 1.5 (3 - 4.5) 15.0
4 1.5 (4.5- 6) 6.8
5 1.0 (6 - 7) 3.2
6 19 (7 -26) 4.6

In conclusion it m ust be m entioned th a t standard  optim al conditions 
for determ ination of arginase actiyity  w ere detrim ental to the stab ility  
of the inhibitor. Arginase is norm ally  determ ined at pH  10 in presence 
of a large excess of arginiine. These conditions caused noticeable de­
s truction  of the  inhibitor, partieu larly  w hen it was presen t in very  Iow 
concentrations. In the fu tu rę  it will, therefore, be essential to re linąuish  
the adyantage of arginase determ inations under conditions of m axim um  
actiyity, and accept low er ra te s  of the reaction by lowering th e  pH  
value of the m edium  and by decreasing the  conceintration of the sub- 
strate. In this way conditions of re la tive  stab ility  for the  inhibitor w ill 
be obtained and precise studies on the m echanism  of inhibition w ill be 
facilitated.

SUMMARY

1 . The arginase inh ib ito r from  sunflow er seeds bas been purified 
about 23 times over the ac tiy ity  of crude extracts.

2. The action of the  inh ib ito r is due to d irect binding w ith the
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enzyme. l -Cysteinie, m ercaptoethanol and glutatbione оѵегсоте th e  
inhibition.

3. The inhibitor is a low-m olecular com pound as show n by Sepha- 
dex-gel u ltra filtra tion  and by dialysis. It is stable in acid solution, re la -  
tively stable in ineutral solution and is destroyed in alkaline solution.
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PRZYGOTOW ANIE I W ŁASNOŚCI INHIBITORA ARGINAZY  
Z NASIO N SŁONECZNIKA

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

1. Otrzym ano preparat inhibitora arginazy oczyszczony około 23 razy w  po­
rów naniu z aktyw nością surow ych ekstraktów .

2. A k ty w n o ść  In h ib itora  p o lega  na zw ią za n iu  siię z en zy m em . L -C ysteina, m e r -  
k a p to eta n o l i  g lu ta tio n  r e a k ty w u ją  argin-azę za h a m o w a n ą  p rzez  in h ib itora .

3. Inhibitor jest zw iązkiem  nisko-cząsteczkowym , jak w ynika z ultrafoltracji 
na Sephadex’:iie i d ializy. Jest on  trw ały  w  środow isku kw aśnym , w zględnie trw ały  
w  środow isku obojętnym  .i ulega zniszczeniu w  środow isku alkalicznym .

R eceived  15 D ecem ber 1964.
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RECENZJE KSIĄŻEK

ADV AN CES IN ENZYME REGULATION (G. W eber, ed.), vol. I. Pergam on P ress, 
London 1963; str. 420, cena £  5. Vol. II, Pergam on Press, London 1964; str. 405, 
cena £  5.

N ow e to w ydaw nictw o seryjne przynosi pełną publiiikację w yk ład ów  i d ysk u sji 
z dorocznych sym pozjów  odbyw anych z początkiem  października w  Ind ianopolis, 
U.S.A.

Tom I obejm uje 4 sesje p ierw szego sym pozjum  z r. 1962, pośw ięcone kolejno: 
biochem ii regulacji aktyw ności i  syntezie enzym ów  (przew odniczący W. E. Knox); 
fizjo log ii i  regulacja horm onalnej (przew odniczący J. W. Wilson); patologia i  d zia ­
łaniu  lek ów  (przew odniczący V. R. Potter) oraz regu lacji aktyw ności enzym atycznej 
w  now otw orach (przew odniczący S. W einhouse). Poza tym  specjalny w ykład  o  g lu - 
koneogenezie nerkow ej w yg łosił S ir H. A. Krebs. Na każdą sesję składało siię 
4 - 6  w ykładów  oraz ogólna dyskusja, ew en tu a ln ie  z podsum ow aniem  przew odni­
czącego lub jego referatem  uzupełniającym . W iększość tem atów  dotyczyła enzym ów  
w ątroby norm alnej oraz hepatom a.

Tom II przynosi m ateriały z sym pozjum  z r. 1963. T em atem  pierw szej sesji, 
której przew odniczył Sir H. A. Krebs, była enzym atyczna regu lacja  glukoneoge- 
nezy. Specjalny w ykład sym pozjum  i w  tym  roku d otyczył glukoneogenezy i przy­
gotow any był przez Krebsa ii w spółpracow ników . Druga sesja  pod przew odnictw em  
J. W. W ilsona traktow ała o  g lukoneogenezie w  różnych stanach fizjologicznych  
i patologicznych. Trzecia sesja pod przew odnictw em  O. F. Gorti’ego pośw ięcona była  
regu lacji aktyw ności glukokinazy. V. R. P otter przew odniczył czw artej sesji, d o ty ­
czącej regulacji aktyw ności i syn tezy  enzym ów  w ątroby drogą sprzężenia zw rotnego  
(,,feedback“). W sesji piątej (przew odniczący W. E. Knox) om aw iano regulację  
poprzez zmiiainę stężeń kofaktorów , a w  ostatn iej, szóstej (przew odniczący S. W ein- 
house) regulację enzym ów  w  hepatom a.

Zarówno tem aty poszczególnych sesji obu sym pozjów , jak i osoby przew odni­
czących charakteryzują to now e w yd aw n ictw o  jako cenne źródło inform acji z p ierw ­
szej ręki na tem at regu lacji czynności enzym atycznej kom órki, a w ięc i regulacji 
m etabolizm u w  ogóle. W ażnym  uzupełn ien iem  są w ykazy literatury dołączone do 
każdego w ykładu.

N owe to w ydaw nictw o m usim y uznać za w ie lk ie  u łatw ien ie dla biochem ików  
pracujących nad enzym am i oraz nad zagadnieniam i regulacji m etabolizm u. Poza 
tym  tom y te będą (interesującą lekturą d la  ogółu b iochem ików , fizjologów  i lek a ­
rzy, których uw agę w  coraz w iększym  stopniu przyciągają zagadnienia organizacji 
życia na poziom ie m olekularnym .

Józef Heller
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D. A. H a l l .  ELASTOLYSIS A ND  AGEING. Charles C. Thom as Publ., Springfield  
(III.) 1964; str. X III +  160; cena $ 6.75.

W iele m onografii pośw ięconych jest biochem ii tkanki łącznej. D otyczą one jed ­
nak głów nie substancji podstaw ow ej oraz w łók ien  kolagenow ych , a w łóknom  e la sty ­
cznym  pośw ięca się zw ykle bardzo miało m iejsca. Przyczyną tego stanu jest z jednej 
strony stosunkow o m ała zaw artość tych w łók ien  w  tkance łącznej, z drugiej zaś 
strony w iadom ości o  ich  budow ie ii w łasnościach  były do n iedaw n a n iew ystarcza­
jące, aby je można było połączyć w  logiczną całość. W ostatn ich  dziesiątkach la t 
ukazał s ię  szereg prac w skazujących  na duże znaczenie w łók ien  elastycznych  
w  strukturze tkanki łącznej norm alnej oraz w  stanach patologicznych, np. w  arte- 
riosklerozie.

R ecenzowana książka jest m onografią, która w yczerpująco om aw ia  biochem ię  
tk ank i elastycznej i w  ten sposób uzupełnia p iśm iennictw o pośw ięcone tkance  
łącznej. Autor przytacza około 300 pozycji literatury, w  tym  kilkadziesiąt pozycji 
w łasnych  i sw oich w spółpracow ników . Pozycje w łasn e dotyczą szeregu zagadnień, 
zaczynając od struktury w łók ien  elastycznych, poprzez badania nad enzym am i b io­
rącym i udział w  rozkładzie tkank i e lastycznej, kończąc na zm ianach zachodzących  
w  stanach patologicznych.

Książka składa siię z pięciu rozdziałów. W rozdziale p ierw szym  krótko om ó­
w iono term inologię używ aną w  dalszej części pracy. Jest to konieczne, .ponieważ 
różni autorzy używ ają różnych nazw  dla tych  sam ych substratów  lub enzym ów .

Rozdział drugi pośw ięcony jest biochem ii tkanki e lastycznej. Szeroko tu om ó­
w iono m orfologię w łók ien  elastycznych łącznie z  ich ultrastrukturą, m etody izo lo ­
w ania , sposoby oznaczania oraz skład aminOkwaisowy. Om ówiono też udział lip idów  
i w ęglow odanów  w  budow ie w łók ien  elastycznych. Na końcu rozdziału przedsta­
w iono zm iany jakościow e i  ilo śc iow e zachodzące podczas starzenia się.

Rozdział trzeci, najobszerniejszy, pośw ięcony jest. enzym om  rozkładającym  
tkankę elastyczną, a w ięc g łów nie elaistazie i elastolipoproteinazie. P rzedstaw iano  
taim rozm ieszczenie tych enzym ów  w  tkankach, sposoby izolow ania  (podano szcze­
gółow o przepis na oczyszczanie e lastazy  stosow any przez Autora), om ów iono także  
szeroko w łasn ości chem iczne i fizykochem iczne tych enzym ów , oraz sposoby o s a ­
czania aktyw ności. Na końcu tego rozdziału przedstaw iono w  ciekaw ych sch em a­
tach  proponow any m echanizm  działania elastazy ii elaistolipoproteinazy, który dobrze 
tłum aczy z jednej strony udział jonów  w apnia  :i lipopolisiacharydów w  budow ie  
w łók ien  elastycznych, a z drugiej strony w spółdziałanie- e lastazy i elastolipopro- 
teinazy w  rozkładzie tych białek.

Rozdział czw arty pośw ięcony jest czynnikom  ham ującym  elastolizę. Om ówiono  
tutaj czynniki drobnocząslteczkowe (EDTA) oraz czynniki w ielk ocząsteczkow e, ter- 
m olabilne zaw arte w  -surowicy knwi, om ów iono też dotychczasow e dane d ośw iad ­
czalne dotyczące inh ib itorów  elastazy zaw artych w  ścianie naczyniow ej.

W rozdziale p iątym  (ostatnim) przedstaw iono zm iany zachodzące w  tkance  
elastycznej podczas starzenia s ię  oraz w  .arterioskle.ro-zie. Z przedstaw ionych badań 
w ynika, że zm iany te  dotyczą g łów nie ak tyw n ości enzym ów  rozkładających w łókna  
elastyczne, co odbija s ię  na zaw artości tych w łók ien  w  tkance łącznej. Zm iany  
te łączą się  ze zm ianam i w  innych elem entach  tkanki łącznej, tak że na podstaw ie  
dotychczasow ych badań trudno jeszcze w yrobić sobie szerszy pogląd na to  za­
gadnienie.

Chociaż niejednokrotnie dośw iadczenia  są jeszcze n iekom pletne, a czasam i 
i kontrow ersyjne, przejrzysty i przystępny sposób 'podawania -niekiedy zaw iłych  
zagadnień  czyni k siążkę dostępną w szystk im  badaczom, którzy in teresu ją  s ię  b io­
chem ią i patologią tkanki łącznej. W iktor  R zec zy ck i
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CHEMICAL AND BIOLOGICAL ASPECTS OF PYRIDOXAL C ATALYSIS. P ro-
ceedings o f a Sym posium  of the International U nion of B iochem istry, Rome 
(E. E. Snell, Р. M. Faisella, A. E. Braunsteiin & A. Ross i F anelli, eds.) Pergam on  
Press, Oxford - London - N ew  Jork - Parts 1963; str. 599, cena £  7.

Z naczenie w itam iny B<; jako związku kluczow ego w przem ianach b iałkow ych  
jest ogóln ie znane. W ielkim osiągnięciem  ostatnich  lat jest poznanie m echanizm u  
reakcji katalizow anych przez pirydoksal. Badania te otw orzyły now e perspektyw y  
w zakresie zrozum ienia czynności enzym ów , przedmiotu o zasadniczym  znaczeniu  
ze w zględów  teoretycznych jaik -i praktycznych dla w szystk ich  nauk biologicznych.

K onieczność zorganizowania zebrania pośw ięconego w yłącznie roli p irydoksalu  
w procesach chem icznych i b iologicznych w yłoniła się w czasie V M iędzynarodo­
w ego K ongresu B iochem ii w  M oskw ie w  1961 r. Jako m iejsce spotkania w ybrano  
Rzym i  w  październiku 1962 r. odbyło s ię  Sym pozjum  zorganizow ane przez M iędzy­
narodową U nię Biochem iczną. Na sym pozjum  złożyło się 46 referatów  w ygłoszo­
nych przez najw ybitn iejszych  znaw ców  tego przedmiotu; przew ażnie były to refe ­
raty dotyczące ostatnio w ykonanych prac. Całość w ydano w  30-tym  -tomie -serii 
sym pozjalnej Unii. Po każdym referacie zamieszczono dyskusję uzupełniającą om a­
w iane zagadnienia.

Sym pozjum  otw-iera referat E. E. Snella z Berkeley, odkryw cy m echanizm u  
nieenzym atycznej transam inacji. Autor podał ogólny przegląd reakcji n ieenzym a- 
tycznych katalizow anych przez pirydoksal oraz przedstawił proponow ane schem aty  
ich przebiegu. Treść siedm iu następnych referatów  dotyczyła badań nad rolą p iry -  
doksalu i jego -pochodnych w n ieenzym atycznej transam inacji. A. E. M artell z C hi­
cago, C. Cenna-mo z M odeny oraz B. Pullma-n z Paryża om ów ili w  sw ych  referatach  
m echanizm  tw orzenia ii hydrolizy zasad Schiiffa. Nad w yjaśn ien iem  m echanizm u  
tych reakcji pracow ali rów nież Т. C. Bruice i R. M. Topping z N ow ego Jorku, 
którzy oprócz analogów  pirydoksalu używ ali układów  zaw ierających imidiazol d jon 
im idazjolow y w  badaniach nad transamiinacją kw asu a-am inofenylooctow ego.
F. Оііѵо, C. S. Rossi i N. Siliprandd z Instytutu Biochem ii w  P adw ie przedstaw ili 
sw oje badania nad n ieenzym atyczną transamiina-cją kw asu у - am ino m asło w ego.

Dal-sze referaty były pośw ięcone roli pirydoksalu w układach biologicznych. 
K ilka z mich dotyczyło najbardziej zbadanej ami-notransferazy kw as g lu tam in o­
w y - kw as szczaw iooctow y. I Itak I. W. Sizer -i W. T. Jenkiins z U.S.A. przedsrtaW-ili 
otrzym anie oczyszczonego enzym u w form ie pirydoksalow ej i p irydoksam inow ej, 
potw ierdzając tym  teorię m echanizm u Snella i Braunsteina. C. Turano i w sp ó ł­
pracow nicy z Rzymu podali sk ład  am inokw asow y tego enzym u. O. L. Polyanovsky  
i Yu. M. T orchinsky -ze Związku R adzieckiego om ów ili rolę gru,p -SH  w  jego  
działaniu. Badacze japońscy Y. M-orino i H. Wada pod-a-li -różnice pom iędzy oczysz­
czonym enzym em  w yizolow anym  z frakcji mibochondrialnej w ątroby i w y izo low a­
nym z supernata-ntu. Barbara Banks z Londynu ze w spółpracow nikam i przedsta­
wiła badanii-a kinetyczne nad am inotransferazą w yizolow aną z m ięśnia sercow ego  
świni.

K ilka referatów  pośw ięcono dekarboksylaejl am inokwasów. /5-Deka-rboksylazą 
kw asu asparaginow ego zajm ow ali -się Jeanne Cattaneo i J. C. Senez z Marsylii- 
oraz A. M eister i  w spółpracow nicy z Bostonu (U.S.A.). Om ówiono rów nież dekarbo- 
ksylazę leucyny (H. K. K ing z Llver,poolu) i am inokw asów  arom atycznych (S. U-den- 
friend z Bethes-da), zaś badania nad ham ow aniem  dekarboksylazy przedstaw ił 
S. R. M-ardashey z M oskw y.

Oprócz transam inacji i  dekarboksyłacji są jeszcze inne reakcje biochem iczne 
am inokw asów  katalizow ane przez enzym y w ym agające do sw ego działania fo.sfo- 
pirydo-ksalu. Rola koenzym u w  tych reakcjach .nile została jeszcze w yjaśniona. B a ­
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dacze w łoscy D. Саѵаіііпі i w spółpracow nicy, F. СЬареѵіПе ii P. From ageot z Francji 
oraz M. Flavi'n z Bethesda przedstaw ili badania nad enzym am i p irydoksalow ym i 
katalizującym i przem ianę siarki w  amiiruok w asach siarkowych. O. Hayaisihi, M. G ef- 
ter i H. W eissbach z Bethesda badali dehydrazę treonliniową z Cl. te tanom orphum .  
К. T. Y asunobu i H. Yamada om ów ili rolę pirydoksalu i m iedzi jako grupy pro- 
stetycznej w  oksydazie monoaraiinowej z osocza krwi. Interesujący referat R. K a- 
p eller-A d ler d otyczył histaimlinazy, flaw oproteidu w ym agającego do sw ego dzia ła­
nia fosforanu pirydoksalu. Badania E. H. F ischera i w spółpracow ników  (W ashing­
ton) dotyczyły  roli fosfopi rydoksa 1 u w  strukturze cząsteczki fosforylazy m ięśniow ej.

Oddzielną grupę referatów  pośw ięcono zagadnieniom  teg o  typ u  jak w p ływ  hor­
m onów  tarczycy na czynność enzym ów  p iry dok s alow  у cła, zreferow any przez F. C ha- 
tagner i B. Jo lles-B ergeret, oraz rola p irydoksalu w transporcie am inokw asów  
w  kom órkach now otw oru Ehrlicha, podana przez H. Cbnistensena. Badacze radziec­
cy przedstaw ili trzy referaty dotyczące inhibitorów  p irydoksalow ych  enzym ów  
a badacze z Tokio sw oje badania nad dzia łaniem  toksopirym idyny. E. E. S n eil 
ze w spółpracow nikam i podał w yniki badań n ad  rozpadem w itam iny B6 przy udziale 
bakteryjnych układów  enzym atycznych.

Sym pozjum  zakończył referat A. E. B raunsteina, odkryw cy procesu transam i- 
nacji. Celem referatu było dokonanie ogólnego przeglądu reakcji enzym atycznych  
zależnych od pirydoksalu. Zadainlie to nie było Łatwe, poniew aż, jak pow iedział 
Braunstedn, „w ielu  biochem ików  uważa, że łatw iej jesit sporządzić listę reakcji 
zachodzących w  przem ianie ‘am inokw asów  bez udziału fosfopirydoksalu , aniżeli 
reakcji zachodzących z jego udzJiałem“. B raunstein  zbierając dotychczasow e w ia ­
dom ości podzielił reakcje enzym atyczne katalizow ane przez pirydoksal na cztery  
zasadnicze typy. Do trzech pierw szych zak lasyfikow ał reakcje enzym atyczne pro­
w adzące do odszczepienia i podstaw ienia przy a-C, /?-С i у - C, do czw artego typu  
zaszeregow ał n ietypow e układy pi rydoksa lo, w e. W ten sposób sporządzona szczegó­
łow a k lasyfikacja  stanow i doskonały przegląd i uporządkow anie zagadnień zw ią ­
zanych z m etaboliczną rolą pirydoksalu.

K ry s ty n a  Belżecka

А. I. O p a r i i n ,  THE CHEMICAL ORIGIN OF LIFE (Trainslated from the Russiain 
by A nn Symge), C harles C. Thomas Publ., Springfield  (Ili.) 1964; str. 124 4-X X V II1,. 
cena $ 6,75.

Om awiana książka jest dalszym  tom em  z ser ii „Am erican Leotures in  L iving  
C hem istry“; zaw iera ona poglądy Oparina na chem iczne pochodzenie życia na  
ziem i, przedstaw ione w  sposób jaisny i ciekaw y. Jest to  lek tura  tym  ciekaw sza, że 
А. I. Oparin jest jednym  z pierw szych biochem ików , którzy dążyli d o  laborato­
ryjnego stworzenia, takich w arunków , w  jakich pnawdopodobnlle pow staw ało pry­
m ityw n e życie, i  był organizatorem  p ierw szego Sym pozjum  .poświęconego' pocho­
dzeniu życia na ziem i, które odbyło się w  M oskw ie w  r. 1957.

Słusznie pisze A utor n a  w stępie, że od wlielu setek  la t trzy w ie lk ie  zagadnienia  
przyciągają um ysły ludzkie. Jest to problem  istoty zjaw iska życia, jego pocho­
dzenia i jego rozprzestrzenienia w e  w szeehśw iecie. L ogiczny w yd aje  s ię  w niosek , 
że łatw iej byłoby zrozumlieć isto tę  życia, gdybyśm y znali dokładnie drogi jego  
pow staw ania na ziem i; łatw iej byłoby także w ów czas w ykazać i  zrozum ieć ew en ­
tualne życie na innych planetach, do których  zapew ne człow iek  w k rótce  dotrze.

W pięciu rozdziałach sw ojej książki, Autor, posługując się faktam i z  zakresu  
geologii, paleontologii i b iochem ii porów naw czej, przedstaw ia sw oją  teorię p ow sta -
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n;a życia na ziem i. We w prow adzeniu om aw ia on ogólne założenna tej teoriii d w y ­
m ienia trzy stadja rozw óju substancji organicznych, które, jego zdaniem , m usiały  
miieć m iejsce przed pojaw ieniem  siię życia na ziem i. Niastępnie om aw ia kolejno  
początkow e stadia ew olucji zw iązków  w ęg la , form ow anie się „pierwotnej pożywki"  
(р гітаеѵ а! broth), pow staw anie hipotetycznych koacerw atów  i protobiontów, które 
praw dopodobnie m ogły istn ieć jeszcze w ów czas, kiedy atm osfera ziem ska mila l a 
charakter redukujący, a w ięc przed pojaw ieniem  się  w  niej tlenu. D alszy rozdział 
pośw ięcony jest rozw ażaniom  na tem at sposobu, w jaki m ogły się rozw inąć z pro­
tobiontów  najprym ityw niejsze organizm y jednokom órkow e i w reszcie zw ierzęta  
w ielokom órkow e.

W ostatn im  rozdziale Autor zbiera w niosk i z teoretycznych rozważań i faktów  
przedstaw ionych w  poprzednich rozdziałach, dając szereg ciekaw ych i obrazow ych  
porów nań. Szczególnie przem aw iające w ydaje się zobrazowanie Wieku naszej p la ­
n ety  i  czasu is tn ien ia  życia na niej, przez porów nanie do książek: „ ...jeżeli ch cie li­
byśm y przedstaw ić kom pletną historię Ziemi, m oglibyśm y napisać dzietsłęć tom ów  
po 500 stron każdy, tak ażeby każda strona obejm ow ała m ilion  lat" (str. 99). N a­
stępn ie A utor zastanaw ia siię, ile z tych  tom ów  potrafim y dzisiaj odczytać i  w  k tó ­
rym  z nich pojaw iło  się życie. Z przedstaw ionych rozważań wynlika, że n ie jest to 
ła tw e do ustalen ia , a naw et ostatnie tom y historii Z iem i są bardzo trudno czytelne.

Toteż ze stron książki w yraźnie przebija przekonanie A utora, że jego teoria  
pow staw ania życia na ziem i z konieczności opiera s ię  w  znacznie w iększym  stopniu  
na h ipotetycznych założeniach n iż  na stw ierdzonych faktach. O jednym  z najw aż­
n iejszych  dla teorii przypuszczeń dotyczącym  prym ityw nych układów , o w iele  mniej 
złożonych an iżeli jakiekolw iek  dzisiaj żyjące ustroje, ale takich, które już można 
za żyw e uw ażać, A utor mówii: „Te układy m uszą posiadać n iezależny, „celowo"  
zorganizow any m etabolizm , skierow any ku ich stałem u zachow aniu, w zrostow i (i sa­
rno reprodukc.fi w  w arunkach zew nętrznego środow iska zbliżonych do „pierw otnej 
pożywki", to jest prostego w odnego roztworu różnych substancji organicznych  
i nieorganicznych" (str. 108).

K siążka w ydana jest bardzo starannie i w ydrukow ana na znakom itym  papie­
rze. N ie ustrzeżono się jednak przed kilkom a błędam i drukarskim i, np. n a  stro ­
nie 4 dw ukrotnie podano jako sym bol o łow iu  P zam iast Pb. N ie zm niejsza to oczy­
w iście  w  niczym  w ysokiej w artości książki jako lektury dla w szystk ich , którzy  
in teresu ją  s ię  zjaw iskiem  życia.

M ariusz Życiowo

LIPID TRANSPO RT. Proceedings o f ain International Sym posium . (H. C. Memg, 
J. G. Coniglio, V. 3. Leąuire, G. V. Mann & J. M. M errill, eds.) Charles C. Thomas 
Publ. Sprimgfield (111.) 1964; str. X III +  226; cena $ 10.50.

Książka stanow i zbiór referatów  w ygłoszonych w  dniach 10 i 11 października  
1963 r. w  N ash v ille  (Tennessee, U.S.A.) na Sym pozjum  pośw ięconym  transportow i 
lip idów . Jest ona cennym  uzupełnieniem  Sym pozjum  na tem at błon plazmaltyez- 
nych, które odbyło s ię  w N owym  Jorku w  grudniu 1961 r. (Circulation  26, 983, 1962).

Problem y poruszone na Sym pozjum  dotyczą absorpcji lip idów  w  jelic ie  oraz  
transportu tłuszczów  w e  krw i, tkance tłuszczow ej i w ątrobie. U dział b iochem ików , 
fizjo logów  ii m orfologów  zapew nił w ielostronne naśw ietlen ie  om aw ianych zagad­
nień. R eferaty , przygotow ane przez specja listów  'poszczególnych dziedzin, sum ują  
w  form ie skondensow anej dośw iadczenia wdasne oraz w ażniejsze zdobycze innych  
pracow ni. C elow ość dialogu chem ików  z m orfologam i uw idoczniła się szczególnie
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przy om aw ianiu  absorpcji! trójglicerydów  w  jelicie. M imo szeregu jeszcze n ie ­
jasności obraz zarysow any przez B. Borgstrom a oraz przez S. L. Pa'lay’a i J. P. R e-  
vela  stanow i logiczną .całość.

Pozostałe problem y obejm ują transport lip idów  oraz regulację ich  gospodarki 
w  głów nych narządach i tkankach. Poruszono także spraw y zw iązane z budow ą  
błon iplazmatycznych i m echanizm em  przepuszczalności. R eferenci i specjaln ie za­
proszeni d yskutanci podjęli trudne zadanie pow iązania danych biochem icznych  
i  biofizycznych z m orfologicznym i. W iele pytań pozostało  bez odpow iedzi, szereg  
hipotez budzi zastrzeżenia — mimo to, podjęcie dyskusji w ydaje się być na czasie. 
D yskusja zajm uje w)iele m iejsca i stanow i w ażną część om aw ianej książki.

O lipoproteidach, które grają decydującą rolę zarów no w  budow ie błon p ó ł- 
przepuszozainych, jak i w  transporcie lip idów , pisze J. L. O ncley  zajm ujący s ię  
tymi zagadnieniam i od w ie lu  lat. L ipoproteidy w ystępują n iem al w e w szystk ich  
tkankach i posiadają w  sw ej cząsteczce grupy w ysoce  polarne i niepolanne. D zięk: 
temu mogą one, jaik sugeruje J. F. Damiielli, o tw ierać lub zam ykać „pory“ 'zm ienia­
jąc sw oje ustaw ien ie  na pograniczu faz. Mimo pokaźnej liczby  publikacji na tem at  
lipoproteidów  (w latach 1957 - 1962 ukazało się ich blisko Г300) w iadom ości o lich 
strukturze są skąpe. D otyczy to  szczególn ie lipoproteidów  kom órkow ych.

Książka daje przegląd aktualnego stanu w iedzy o  transporcie lip id ów  d z w ią ­
zanych z ntiim problem ów. Czytelnik łatw o zorientuje się w  kierunkach badań n a j­
bliższych lat ii to zarów no ubiegłych, jak i nadchodzących. D zięk i Sym pozjum  
zarysow ało s ię  bow iem  w ie le  konkretnych pytań, na które odpow iedź staje się  
paląca. F izjolodzy, b iochem icy ii m orfolodzy zainteresow ani przem ianą i tran sp or­
tem  lip idów  znajdą tu w ie le  interesującego m ateriału. Dla k lin icystów  zajm ujących  
się chorobami w yn ik łym i z  zaburzeń przem iany lip idów  lub ich  transportu,, 
książka może okazać się także bardzo pożyteczna.

R ysza rd  N iem iro

С. H. S t u a r t - H a r i r i i i s  and L. D i c k i n s o  n, THE BACKG RCUND TO  
CHEMOTHERAPY OF VIRUS DUSEAlSES. Charles C. Thomas Publ., Springfield  
(111.) 1964; str. X  +  175, cena $ 10.50.

Książka posiada siedem  rozdziałów  traktujących o  chem icznym  składzie w iru ­
sów  i m echanizm ie ich namnażamia, o  patologii in fekcji w irusow ych , o  in ter fero ­
n ie — jego produkcji i b iologicznym  znaczeniu, o dośw iadczalnych  badaniach  
w  zakresie chem oterapii zakażeń w irusow ych  i stosow aniu środków  chem icznych  
w  lecznictw ie.

N ajpierw  A utorzy książk i w prow adzają czytelnika w  ogólne zagadnien ia  składu  
chem icznego w irusów , n iektórych  ich w łasności fizykochem icznych i b iologicznych. 
W odrębnej tablicy zestaw iono najw ażniejsze grupy Wirusów, sk lasy fik ow an e na 
podstaw ie rodzaju posiadanego kw asu nukleinow ego li rozm iarów cząsteczki. D alej 
następuje om ów ien ie poszczególnych etapów  cyklu rozw ojow ego w iru sów  w  k o ­
m órkach żyw icie la , lokalizacja  w  kom órce, w łasn ości serologiczne w irusów  oraz  
zmiany m etaboliczne kom órki podczas poszczególnych stad iów  reprodukcji róż­
nych w irusów . Interesującym  jest rozdział pośw ięcony reakcji obronnej kom órki 
zakażonej w irusem . W yrazem  tej reakcji jest synteza substancji b iałkow ej zw anej 
interferonem  o właisnośdlaeh inhibitora procesów  m etabolicznych kom órki, p o w sta ­
jącego w  w yn iku  w targnięcia  obcego kw asu nukleinow ego. Z agadnienie m ech a­
nizm u pow staw ania interferonu, jak i  jego funkcja biologiczna, nie są jeszcze  
zupełnie jasne i A utorzy książki krytycznie ocen iają  m ożliw ości praktycznego
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zastosow ania tej substancji w  leczeniu infekcji w irusow ej. Stosunkow o szeroko  
potraktow ano w ykorzystanie różnych zw iązków  chem icznych w  procesne ham ow a­
nia rozw oju w irusa w  komórce. Szczegółowo om ów ione zostały ant у matabo Li ty 
biosyntezy kw asów  nukleinow ych :i białka, środki z grupy tiosem  i к ar bazo n ów  
oraz produkty różnych drohnoustro j ów w strzym ujące rozwój niektórych w irusów . 
W szystkie te substancje i sposoby ich daw kowania zebrane są w  przejrzystym  
zestaw ien iu .

Książka Stuarta-H arrisa i Dickinsona będzie interesow ać n ie  tylko w irusologa  
czy biochem ika zajm ującego się  w irusam i, Lecz rów nież patologa i k lin icystę , k tó ­
rzy pragną poznać now e drogi eksperym entalnej w irusologii ii m ożliw ości leczenia  
schorzeń w iru sow ych  u ludzi. P iśm iennictw o (ok. 500 pozycji), zebrane do roku 1963 
w łącznie, obejm uje znaczną część publikacji ostatnich kilku la t zw iązanych z pro­
blem atyką w spółczesnej w irusologii,

W łodzim ierz  O s tro w sk i

G. B. A n s e 11 and J. N. H a w  t h o r n  e, PHOSPHOLIPIDS. CHEMISTRY, 
METABOLISM AND FUNCTION. E lsevier Publ. С отр ., A m sterdam  - London - 
N ew  York 1964; str. 437; cena Dfl. 55—, sh. 110, DM 61.50.

K siążka A m elia  1 H aw thorne’a ukazuje siię w  kilkanaście lat po znakom itej 
m onografii W ittcoffa o  fosfolipidach w ydanej w  roku 1951. M iarą postępu w iedzy  
w  tej dziedzin ie może być fakt, że ponad 80% prac, cytow anych przez A nselia  
i Hawthorme’a — to pozycje, które ukazały s ie  po 1950 roku i n ie  były om aw iane  
przez Wiittcoffau Każda z tych dw óch m onografii daje podsum ow anie dorobku  
i obrazuje aktualny stan  badań, toteż porów nanie obydw u pozw ala ocenić o sią g ­
nięcia w  dziedzin ie w iedzy  o  fosfolip idach w  ciągu tych stosunkow o n iew ielu  lat, 
które dzielą daty tych  publikacji.

K siążkę A nselia  i  H aw thorne’a można by podzielić na d w ie części, z których  
jedna om aw ia strukturę ;i m etabolizm  fosfolip idów , a druga zajm uje s ię  raczej ich 
biologiczną rolą w  żyw ym  organizm ie, g łów nie zresztą w  organizm ie zw ierzęcym .

N ie ulega w ątp liw ości, że nasza wiedza o strukturze fosfolip idów  w zbogaciła  
się ogromnie w  ostatn ich  czasach. N ow oczesne m etody um ożliw iły zarówno o trzy ­
m yw anie poszczególnych substancji w stanie czystym , jak 1 ich  chem iczną syntezę. 
Autorzy szczegółow o i krytycznie om aw iają now e metody analizy fosfolip idów  
i, od lat pracując w  tej dziedzinie, n ie  szczędzą praktycznych w skazów ek, n iek iedy  
bardzo cennych. Zdaniem  A utorów, dokładne scharakteryzow anie w szystk ich  sk ła d ­
ników  fosfolip idow ych tkanek i kom órek jest k w estią  najbliższej przyszłości.

W kilku (rozdziałach Autorzy om aw iają  zagadnienia biosyntezy i katabolizm u  
fosfolipidów  w  organizm ie zw ierzęcym . W tej dziedzin ie postęp jest rzeczyw iście  
ogrom ny, jeśli w ziąć pod uw agę, że jeszcze dziesięć lat Itemu praktycznie nic n ie  
było w iadom o o szlakach  syn tezy  fosfolip idów  w  żywyim ustroju. Obecnie skom pli­
kow ane te  procesy są  stosunkow o dobrze poznane i nalwet w  szczegółach w y ­
jaśnione, oo jest w  dużej m ierze zasługą pięknych prac K ennedy’ego d jego [współ­
pracow ników . Podobnie w ie le  (zdziałano w  kierunku w yjaśn ien ia  enzym atycznej 
degradacji fosfo lip idów  w  ustroju 'i ich utleniania.

W iele m iejsca pośw ięcają A utorzy krytycznem u om ów ieniu  prac, dotyczących  
rozm ieszczenia, składu li m etabolizm u fosfolip idów . Na uw agę zwłaszcza zasługuje  
obszerny rozdział o  fosfolip idach w  układzie nerw ow ym , przynoszący m nóstw o  
cennych inform acji. U zupełnia tę  część książki szereg zbiorczych tabel, o  dużej 
w artości dla czytelnika interesującego się tą  dziedziną b iochem ii.
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Tak. w ięc  w spólna praca w ielu  badaczy doprow adziła do stosunkow o d ok ład ­
nego scharakteryzow ania sk ładników  fosfdliipidowych w  kom órkach i do w y ja śn ie ­
nia g łów nych szlaków  'ich przem ian. P ytanie jednak, które od lat pasjonuje b io ­
chem ika i fizjologa, dotyczy biologicznej roli tych zw iązków , ich funkcji w  żyw ym  
organizm ie. Sama struktura fosfolip idów , połączenie w  jednej cząsteczce grup p o­
larnych ii apolarnych, zdaje s ię  predestynow ać te zw iązki do- pełnienia n ajroz­
m aitszych funkcji, zarów no w  poszczególnej kom órce, jak w  tkance czy narządzie. 
Tym  też zagadnieniom  pośw ięcona jest w iększa .część m onografii A nsella  i H aw - 
•thorne’a, którzy na podstaw ie w ie lu  se tek  prac starają s ię  zobrazować aktualny  
stan badań i krytycznie je ocenić. N ie silą s ię  oni na w yciąganie jednoznacznych  
w niosków ; przy obecnym  stan ie w iedzy n iew ie le  jest pytań z tej dziedziny, ina 
które można by d efin ityw n ie  odpow iedzieć.

Udział fosfolip idów  w  procesie chłonienia tłuszczu postulow ano już od bardzo 
daw na. Dopiero jednak poznanie szlaku biosyntezy g licerydów  i stw ierdzen ie, że 
interm ediatem  reakcjii jest kwa.s foisfatydoiwy, pozw oliło  zrozum ieć zdanie Sinclaira  
sprzed  25 lat, m ianow icie, że resynteza g licerydów  w  śluzów ce jelitow ej zachodzi 
poprzez stadium  fosfolipidów . N ie w yjaśn iło  to jednak w szystk ich  problem ów  i ainii 
rola fosfolipidów , ani, co dziw niejsze, sam  proces absorpcji tłuszczu  w  jelicie n:ie 
zostały jeszcze dotąd w yjaśn ion e (naw iasem  m ów iąc, to  ostatn ie zagadnienie —  
chłonienie tłuszczu — jest w ciąż przedm iotem  tak ożyw ionej dyskusji i osob istego  
nieraz „zaangażow ania”, że Autorzy nie zdobyli s ię  na ob iektyw izm  w  przedsta­
w ien iu  tej spraw y).

Fosfolip idy są  sta le  w ystępującym  i n ieodzow nym  składnikiem  w szelk ich  
m em bran biologicznych. Obecność hydrofilnyeh i  hydrofobow ych grup w  cząsteczce  
spraw ia, że są  one doskonale przystosow ane do  tego, aby stanow ić integralną część 
błony oddzielającej jedno środow isko w odne od drugiego. Ta ich  lokalizacjo  dała 
podnietę do badań nad  ich m ożliw ym  udziałem  w  czynnym  transporcie jonów  przez 
błonę. Badania dotyczyły  „pompy sodow o-potasow ej” w  erytrocytach, w ydzielania  
NaCl przez gruczoły so ln e  n iektórych  ptaków , m etabolizm u kationów  w  tkance  
nerw ow ej, w ydzielania n iektórych  horm onów  itd., i choć w  chw ili obecnej nie 
można jeszcze pow iedzieć, czy i jaki is tn ie je  zw iązek pom iędzy aktyw nym  tra n s­
portem  substancji przez błony a 'm etabolizm em  niektórych  fosfolip idów , to jednak  
zagadnienie to jest w ciąż  żyw e i n iew ątp liw ie  zasługuje na uwagę.

Fosfolipidy, będąc integralnym  składnikiem  błon, stanow ią znaczną część su ­
chej substancji im itochondriów i m ikrosom ów . U dział fosfo lip idów  w  łańcuchu  
transportu elektronów  zdaje s ię  już obecnie nie ulegać w ątp liw ości, g łów nie dzięki 
św ietn ym  pracom  Greena i jego szkoły. Przekonyw ające są też  dow ody na to, że 
fosfo lip idy  są n iezbędne dla ak tyw n ości enzym atycznej cząstek  su b -mi.toehond г i a i - 
nych. N a czym jednak rola ich  polega — trudno jeszcze obecnie .powiedzieć.

Znacznie bardziej zagadkow e jest znaczenie obfitego w ystęp ow an ia  fo sfo lip i­
dów  w  m ikrosom ach, które n iektórym  autorom  nasunęło przypuszczenie o ich  roli 
w  procesie syn tezy  'białka. Prowadzone są rów nież prace doszukujące się zw iązku  
pom iędzy m etabolizm em  fosfolip idów  a procesam i m itozy w  jądrze kom órkow ym .

Z astanaw iającym , a naw et paradoksalnym , m oże w ydaw ać s ię  fakt, że w  d z ie ­
dzinie od lalt n iezw yk le  in ten syw n ie  badanej (i bogato subsydiow anej), dotyczącej 
m ianow icie zaburzeń w  układzie krążenia, nauka dotychczas n ie  potrafiła od p ow ie­
dzieć na pytanie, jaki jest zw iązek pom iędzy m etabolizm em  lip id ów  a patologią  
m iażdżycy. Tomy już zapisano na ten tem at, ale z pow odzi tysięcy danych, często ­
kroć ze sobą ,sprzecznych, trudno jesit w yciągnąć jednoznaczne w nioski.

A utorzy m onografii m e starają się bynajm niej ukryw ać faktu, że w  w ielu  
dziedzinach podsum ow ują raczej stan naszej niew iedzy. Dają bogaty przegląd prac,
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krytyczn ie ocen iają  ich wartość dow odową, starają s ię  podać jak najw ięcej in for­
m acji i  nie narzucać siwojego poglądu.

M onografia A nsella  i H aw thorne’a obszernie om aw ia zagadnienia, które przed  
15 laty , gdy ukazała się publikacja W ittcoffa, nie były jeszcze naw et sform uło­
w ane. P ytan ia , które nauka stawia obecnie, są bez porów nania śm ielsze, bardziej 
skom plikow ane i głębiej sięgające. Fakt, że zostały sform ułow ane, pozwala jednak  
m ieć nadzieję, że prędzej czy później uda się znaleźć w łaściw ą odpow iedź. I ten  
op tym istyczn y w niosek można by wyciągnąć z książki, której każdy niem al rozdział 
kończy się znakiem  zapytania.

Paulina W łodaw er

PTERIDINE CHEMISTRY. Proceedings of the thiird International Sym posium  held  
at the In stitu t fur Organische Chemie der Techinisichen H oehsehuie Stuttgart, 
Septem ber 1962. (W. P fleiderer & E. C. Taylor, eds.) Symposiium Publications 
D:visiom, Pergam on, Press, Oxford - London - Edimburgh -  N ew  York - Paris - Frank­
furt 1964; str. X X  +  535; cena £ 5 .

Dnia 20 czerw ca 1889 roku na posiedzeniu T ow arzystw a Chem icznego w  Lon­
dynie p ew ien  m łody stud en t m edycyny, późniejszy laureat nagrody Nobla, F. G ow - 
land Hopkins doniósł o  w yizolow aniu ze skrzydeł m otyli z rodziny Pieridae bez­
postaciow ego produktu o  zabarwieniu ochry. Produkt ten  daw ał intensyw ną reakcję 
m ureksydow ą, co sugerow ało jego pokrew ieństw o z kw asem  rmoczowym. K ilka lat 
później ukazała s ię  praca F. G. Hopkinsa pod n ieszablonow ym  tytu łem : “The 
pigm ent o f the P ieridae: a contribution to the study o f  excretory substances w hich  
function iLn ornam ent”.

M inęło dalszych  trzydzieści lat zanim C. Schopf, asystent H enryka W ielanda, 
otrzym ał sól sodow ą leuikopteryny, barwnika ze skrzydeł imotyla Pieris brassicae.  
Po w ielu  próbach, pew nego dnia pod koniec 1925 roku, stw ierdził on  w reszcie, że 
żółte kryształki jego preparatu różnią się nie tylko barwą od krystalicznego m o­
czanu, lecz że zaw ierają dwukrotnie mniej sodu. P e łen  radości, m im o późnej 
godziny zadzw onił Schopf do sw ego szefa. W odpow iedzi usłyszał jedynie krótkie  
“So so” — i w ięcej nigdy już n ie niepokoił W ielanda w ieczornym i telefonam i.

Strukturę barw ników , tak  długo m ylonych z kw asem  m oczow ym , ustalił o sta ­
tecznie R. Purrm ann, który w  1940/41 r. przeprow adził rów nież chem iczną syntezę  
leukopteryny, ksaintopteryny i izoksantopteryny.

B yły  to początki chem ii pterydyn. Żywą relację z tego okresu  badań nad ptery- 
dynam i stanow ił referat prof. dr C. Schopfa inaugurujący HI M iędzynarodowe 
Sym pozjum  na tem at Chem ii Pterydyn, które odbyło się w e w rześn iu  1962 r. w S tu tt­
garcie. W Sym pozjum  w zięło  udział 52 badaczy z kilku czołow ych ośrodków  za j­
m ujących się chem ią i biochem ią pterydyn. Wśród uczestn ików  byli badacze tej 
m iary, co A. A lbert, J. M. Buchanan, L. Jaenioke, S. K aufm an, M. V iscontini,
H. C. S. Wood.

W ygłoszono 36 referatów , z których blisko połowa* dotyczyła  syntezy chem icz­
nej pochodnych pterydynow ych. Szereg z nich, np. 2,4,74trójamlno-6-aryloipte.rydyny  
oraz 4,7-dw uam ino-2,6-dw uaryioipterydyny (J. W einstock i D. W7iebelbaus; I. J. P a- 
chter; T. S. Osdene) w ykazują działanie diuretyczne; 2,4 ,7-trójam ino-6-aryloptery- 
dyny imają rów n ież w łasności czynników  antyfoliam owych, te  zaś to  potencjalne  
lek i przeciw now otw orow e. W ydaje się, że spośród poliam inopterydyn antagonisty- 
cznie w  stosunku do pochodnych folianu działają analogi posiadające, podobnie jak  
am inopteryna, co najm niej dwie grupy am inowe podstaw ione w  pozycji 2 i 4 u k ła­
du pterydynow ego. Sądzi się (T. S. Osdene, E. C. Taylor), że obecność grup am ino­
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w ych  w  tych pozycjach n iezbędna jest dla zw iązania antym etabolitu  z enzymem. 
W ykazano ponadto, że dw uam inow e pochodne częściow o zdeazow anych pterydyn  
zachow ują w łasności antagonistów  folianu. Przypuszcza s ię  przy tym , że w arunkiem  
koniecznym  i w ystarczającym  dla zachow ania w łasności anty fol i ano w y с h jest ob ec­
ność obydw u atom ów  azotu w  pierścieniu  p irym idynow ym  2-4 diwuam inodeazopte- 
rydyny. Może to sugerow ać, że w łaśn ie  te dwa atom y grają w ażną rolę w  łączeniu  
się pochodnych folianu z białkam i (O. D. Bird, V. Oakes, K. U ndheim , H. N. Rydon).

W w ielu  referatach om ów iono różne techn ik i rozdziału i identyfikacji pterydyn  
(J. E. Fildes; H. S. Forrest i  S. Nawa; H. N. Guttm an; J. Kom eda; H. Rembold  
i L. Bushmanm; R. Tschesche, B. Hess, I. Zie.gler, H. Maichleidt; M. Visconitinii). 
M iędzy innym i dyskutow ano strukturę niektórych pterydyn, jak drozopteryny  
i sep iapteryny, w ystępujących  u D rosophyla (M. Y iscontin i; H. S. Forest i S, Nawa).

Badania nad syntezą i strukturą pterydynoglikozydów  dały podstaw ę do w y ­
sun ięcia  pod d yskusję now ego  schem atu ilustrującego praw dopodobny tok prze­
m ian puryn w  pterydyny (W. Pfleiderer, R. Lohnmann, F. Reiser, D . Soli).

Z jaw isko kow alencyjnej hydratacji n iektórych w iązań С =  N układu pterydy-  
now ego zaobserw ow ane po raz pierw szy w  1'951 r. w  laboratorium  A. A lberta, było  
przedm iotem  jego referatu. M echanizm  kow alencyjnej hydratacji w yjaśnia Albert 
następująco: obecność kilku podw ójnych w iązań С =  N w  układzie pterydynow ym  
m oże pow odow ać takie przesunięcia elektronów , że w  w yniku  jedno z w iązań  
podw ójnych zostaje siln ie  spolaryzow ane i w  k on sek w encji atom  azotu m oże przy­
łączać kow alencyjnie czynnik i nukleofilne. Resonans pow odujący stabilizację tego  
stanu um ożliw ia, w edług A lberta, przyłączenie n iezb yt siln ie  nukleofilmej cząsteczki 
w ody. W ydaje isię, że znaczenie kow alencyjnej hydratacji w  procesach biochem icz­
nych polega na u łatw ieniu  takich na przykład oksyd acji enzym atycznych jak u tle ­
n ianie hypoksantyny do ksantyny. R eakcje przyłączania odczynników  nukleofilnych  
do dw uhydropterydyn d praw dopodobne znaczenie 'takich procesów  w  przem ianach  
biochem icznych były treścią referatu A. C. S. Wooda i w spółpracow ników  (T. R o- 
wan i A. Stuart).

Transform acje pterydyn podczas enzym atycznej hydrofcsym etylacji fen y lo -  
alaniny przedstaw ił na podstaw ie badań w łasnych  S. K auffm ann. U dział pterydyn  
w  procesie hydroksyiacji fenyloalan iny stanow i p ierw szy i  jak dotąd jedyny znany  
przykład koenzym atycznej roli p terydyn  niezw iązanyeh. Można jednak p rzew id y­
w ać, iż zw iązki te  czynne są rów nież w  innych enzym atycznych procesach o k sy ­
dacji i redukcji.

K oenzym atyczna rola tetrahydrofolianu w  m etabolizm ie fragm entów  jedmo- 
w ęglow ych  oraz przypuszczalne m echanizm y enzym atycznych oksydacji i redukcja 
biegnących przy udziale tetrahydrofolianu były przedm iotem  referatu F. M. H uen- 
nekensa i K. G. Scrim geora. Rolę N -5-m etylotetrahydrofolianu  w  enzym atycznej 
syn tezie  grup m etylow ych m etioniny om ów iono w  referacie J. M. Buchanana,
A. R. Larrabee, S. R osenthala i R. E. Cathou. P roblem y biosyntezy p terydynopyro- 
fosforanu (L. Jaenicke), b iopteryny, kw asu foliow ego (A. W acker, E. Lochmainn 
i S. K irschfeld) oraz ryboflaw iny (G. W. E. Plant) były rów nież om aw iane podczas 
Sym pozjum .

Tom zaw ierający zbiór referatów  sym pozjalnych w raz z dyskusją  d aje w gląd  
w  najbardziej aktualne zagadnienia chem ii pterydyn. D zięki zaś udziałow i w y ­
bitnych badaczy, osobiście od la t zaangażow anych w pracy eksperym entalnej w  tej 
dziedzin ie, problem y poruszane są  ze znaw stw em , co ułatw ia czyteln ik ow i zorien­
tow an ie się  w  ich bardziej ogólnych aspektach i pow iązaniach. M onografia P teri-  
dine chem istry jest jednak raczej przeznaczona dla grona specjalistów , n ie  ogran i­
czającego się jednak do chem ików  syntetyk ów  i biochem ików , lecz  obejm ującego  
rów nież farm akologów . Zofia  M_ Ziel ińska
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T. L. V. U 1 b r i с h t, PURINES, PYRIM IDINES AND NUCLEOTIDE S and th e  
ChemiiSitry o f N u cleic  Acids. Pergamon Press, Oxford - London - Edimbuirgh - Paris -  
Frankfurt; The M acm illan Company, N ew  York, 1964; str. 1 +  79; cena 12s 6d_

R ecenzow ana książka 1 stanowi 25-ty tom serii krótkich m onografii z różnych 
dziedzin chem ii organicznej, opracow anych przez n ajw ybitn iejszych  izniarwców pod  
redakcją Sir Roberta Robinsona. Książka Ulbrichta znakom icie spełn ia  postaw ione  
A utorow i zadanie: podaje w  krótkiej, niem al encyklopedycznej, lecz  w yczerpują­
cej form ie podstaw y chem ii puryn i pirym idyn oraz ich pochodnych. Teikst jest 
uzupełniony dużą liczbą w zorów  (253) oraz schem atam i, co spraw ia, że jest jasny  
i zrozum iały n aw et dla czytelnika nie znającego zagadnienia. Odnośniki d o  
piśm iennictw a są  starannie opracow ane, uw zględniają najnow sze pozycje i często  
są opatrzone krótką w skazów ką lub  inform acją.

W pierw szym  rozdziale dotyczącym  chemii puryn ii p irym idyn Autor u w zględ ­
nia reakcje podstaw ien ia  przez odczynniki elektro- i nukleofilne, przekształcenia  
w  obrębie cząsteczki oraz reakcje addycji, redukcji, utlen ienia, acylaejl i  a lk ilacji. 
Osobny rozdział pośw ięcony jest syntezie puryn i p irym idyn. W następnych trzech  
.kolejnych rozdziałach om ów iono strukturę, syntezę i b iosyntezę nukleozydów , 
nukleotydów  oraz kw asów  nukleinow ych.

Chemia puryn i  p irym idyn  oraz tw orzonych przez nie połączeń, w śród których  
w ie le  w ykazuje dzia łan ie  farm akologiczne, jest zw ykle zb yt pobieżnie ujm owana  
n ie  tylko w  podręcznikach chem ii organicznej, lecz rów nież w  podręcznikach  
zw iązków  heterocyklicznych. D latego książka Ulbrichta w  okresie obecnego w ie l­
kiego zainteresow ania rolą kw asów  nukleinow ych w  żyw ych organizm ach stanow i 
bardzo cenne źródło w szechstronnych, podstaw ow ych inform acji chem icznych  
o tych zw iązkach i ich składnikach.

K onstancja R aczyń ska -Во jan ow ska
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A C T A  B I O C H I M I C A  P O L O N I C A  

V o l. X I I  1965 N o . 2

Б. ЗАГАЛЯК и E. ПАВЕЛКЕВИЧ

СИ Н ТЕЗ И СВОЙСТВА АНАЛОГОВ КОЕНЗИМ А В 12 М ЕТИЛИРОВАННЫ Х  
В АДЕНОЗИЛОВОЙ ЧАСТИ МОЛЕКУЛЫ

Р е з ю м е

Описывается синтез и свойства двух аналогов коензима В і2, содерж ащ их  
.вместо аденозина соответственно 1-метиладенозин и ІѴ6-метиладенозин. И сследо­
валось влияние этих аналогов на энзиматическое превращ ение гЛйцерола в гид- 
роксипропионевый альдегид, а такж е этиленгликола в уксусны й альдегид  
и 1,2-пропандиола в пропионовый альдегид. Оба аналога оказались конкурент­
ными ингибиторами реакции глицерола. Аналог содерж ащ ий 1-метиладенозин  
оказался  такж е неактивным в обмене диолов, тогда как анаДог с ІѴ6-метиладено- 
зином был катализатором этих реакций. Константы диссоциации комплексов  
апоф ерм ента с аналогами и с коэнзимом В 12 являются числами того ж е  поряд­
ка (К ^ ІО - 7 м). К ом плекс апофермента с коэнзимом В і2 более активен, чем 
комплекс апоф ермента с аналогом, содержащ им ІѴГ)- метиладенозин. Константа  
М ихаэлиса для реакции превращ ения 1,2-пропандиола в пропионовый альдегид  
в присутствии коэнзима В |2 составляет 3 . 1 Х 1 0 ~ 4м, а в присутствии аналога 
•с ІѴ6-метиладенозином 1.1 X 10~ 3 м. О бсуж дается зависимость коэнзиматической  
активности коэнзима В і2 от его химического строения.

В. ВИСЬНЕВСКИ

РАЗДЕЛЕН ИЕ БЕЛКОВ ПРОПИОНОВОКИСЛЫ Х БАКТЕРИЙ  
НА ЦЕЛЛЮ ЛОЗНЫ Х ИОНООБМ ЕННИКАХ

Р е з ю м е

Разработан метод разделения белков пропионовокислых вактерий на колон­
к ах  с D EA E-целлю лозой применяя элюцию буферны ми растворами со ступен­
чатым увеличением ионной силы при постоянном pH. Белки штаммов Ргоріо- 
nibacterium  sherm ani, Р. petersoni, Р. freudeinreichi и Р- arabinosum  были раз­
дел ен ы  на 9 фракций, в которы х определялась активность /?-галактозидазы  
и щ елочной ф осф атазы . /^-гадактозидаза не была найдена в штаммах культи­
вируемы х на средах с глюкозой. Этот ф ермент был индуцирован при росте 
бактерий на средах, содерж ащ их лактозу. Распределение ф осф атазы  в хрома­
тограммах белков Р arabinosum  отличалось от распредения в других штаммах.

I
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А . Т А Й Л Ё Р  и  К . Т А Й Л Ё Р

РЕЦЕПТОРНЫ Е СВОЙСТВА ПОЛИСАХАРИДОВ Ѵі ВЫДЕЛЕННЫ Х  
РАЗЛИЧНЫ М И МЕТОДАМИ

Р е з ю м е

Из бактерий Escherichia coli 5396/38 выделен значительно очищенный пре­
парат полисахарида Ѵі методом хроматографии на оболочках эритроцитов ад­
сорбированных на целите. Этот препарат (Ѵі-Т) сравнивался с двумя другими  
препаратами полисахарида Ѵі, полученными из того ж е  штамма, а именно с пре­
паратом полученным Вебстером и сотр. (Ѵі-W) методом химического фракцио­
нирования и с препаратом, полученны м Ж ерви и сотр. (Ѵі-J), методом препа­
ративного электрофореза.

Препараты Ѵі-J  и Ѵі-Т обладали рецерторной активностью по отношению  
к бактериофагу Ѵі II, тогда как препарат Ѵі-W не обладал этой активностью. 
Бактериофаг Ѵі II при инкубации с препаратами Ѵі-J и Ѵ і-Т уничтожает и х  
рецепторную активность.

М. ХИЛЛЯР и В. Ж ЕЧИ Ц КИ  

ВЛИЯНИЕ М АКРОКАТИОНОВ И М АКРОАНИОНОВ НА МИТОХОНДРИИ

Р е з ю м е

Установлено, что основные белки оказывают тормозящ ее действие на спон­
танное и индуцированное набухание митохондриев. Это влияние можно устра­
нить добавлением макроанионов таких, как например: ганглиозид или муцин. 
Ганглиозид и муцин сами стимулируют набухание.

Влияние основных белков зависит от связывания их митохондриями. Р е ­
зультаты обсуж даю тся на основании предварительно опубликованных резул ь­
татов.

Т. БОРКОВСКИ, Г. БЕРБЕЦЬ и Г. БЖ УШ КЕВИ Ч

ИЗМЕНЕНИЯ ХИМИЧЕСКОГО СОСТАВА ИЗОЛИРОВАН НЫ Х КЛЕТОЧНЫ Х  
ЯДЕР И З МОЗГА И ПЕЧЕНИ КРЫ СЫ

Р е з ю м е

Изолированные клеточны е ядра мозга и печени инкубировались в изотони­
ческом растворе сахарозы  с глюкозой. П ри инкубации ф осф ат меченый 32Р  
включался в ядерную RNA д а ж е  в тех случаях, в которых одновременно на­
блюдалось уменьш ение содерж ания общего RNA на 50% и увеличение содер­
ж ания свободных нуклеотидов.
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П. МАШ ТАЛЕЖ , 3. ВЕЧОРЭК и М. КОХМ АН

ПОТРЕБЛЕНИЕ ФОСФОРА СВЯЗАННОГО С УГЛЕРОДОМ  
МИКРООРГАНИЗМАМИ

Р е з ю м е

1. Установлено, что Е. coli 307 и Е. freundi растут на минеральной среде  
содерж ащ ей этилф осф орную  кислоту или 2,3-дигидроксипропилфосфорную  ки­
слоту вместо ортофосфата.

2. П оказано, что М. phlei не растет на средах, содерж ащ их вместо ортоф о­
сф ата этилф осф орную  кислоту, но растет на средах с 2,3-дигидроксипропилфо- 
сф орной кислотой.

3. При росте на 2,3-дигидроксипропилфосфорной кислоте образую т кислото­
лабильные ф осф орны е соединения.

К. ТАЙЛЕР

ИССЛЕДОВАНИЯ НАД ПОТЕРЕЙ РЕЦЕПТОРНОЙ АКТИВНОСТИ  
ПО ЛИ САХАРИДА Ѵі ПРИ ИН КУБАЦИ И С Ѵі-ФАГОМ II

Р е з ю м е

Установлено, что потеря рецепторной активности полисахарида Ѵі под вли­
янием ф ага Ѵі II мож ет протекать в 0,1 м -ацетате аммония. Исследовалось вли­
яние температуры и pH на скорость этой реакции. Эта реакция тормозится  
EDTA, Тогда как п-хлормеркуробензойная кислота и ІѴ-этилмалеимид не вли­
яют на эту реакцию.

После инкубации с полисахаридом сохраняется как инфекционность фага, 
так и его способность уничтожать рецепторную активность новой порции поли­
сахарида.

Г. М ИХАЛЭК-М ОРИККА

СРАВНИТЕЛЬНЫ Е ИССЛЕДОВАНИЯ НАД ОБМЕНОМ ТИРОЗИН А  
У РА ЗН Ы Х  ВИДОВ Ж И ВО ТНЫ Х

Р е з ю м е

1. Установлено, что в печени голубя, ящерицы, судака и щ уки аэробный  
катаболизм тирозина протекает таким ж е  путем, как и у  млекопитающ их, т. е. 
с образованием ф ум арата и ацетоацетата.

2. У лягуш ки не удается обнаружить одного ф ерм ента из ряда реакций  
катаболизма тирозина, а именно оксид азы п-гидроксипирувата. У лягуш ки  
имеется, повидимому, в этом месте метаболическая блокада.

3. У улитки была найдена лишь трансаминаза тирозина. У этих организмов 
тирозин разлагается, повидимому, иным путем .
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Л. Ш А Р К О В С К А  и м .  Э Р Е Ц И Н Ь С К А

ВОССТАНОВЛЕНИЕ НИКОТИНАМ ИД-АДЕНИНОВЫ Х ДИНУКЛЕОТИДОВ  
ХОЛИНОМ И САРКОЗИНОМ  В М ИТОХОНДРИЯХ, ЗАВИСЯЩ ЕЕ  

ОТ ДОСТАВКИ ЭНЕРГИИ

Р е з ю м е

Холин и саркозин, субстраты окисляемые непосредственно флавопротеино- 
выми ферментами могут восстанавливать никотинамид-адениноные динуклео­
тиды в митохондриях с ненаруш енным сопряжением из печени крысы. Эта 
реакция зависит от доставки энергии и происходит путем обратного направле­
ния потока электронов.

Г. М ОРАВСКА-М УШ ИН ЬСКА и И. РАЙ Ф ЕР

ПОЛУЧЕНИЕ И СВОЙСТВА ИНГИБИТОРА АРГИ НАЗЫ  ИЗ СЕМЯН
ПОДСОЛНЕЧНИКА

Р е з ю м е

1. Получен препарат ингибитора аргиназы очищенный приблизительно в 23 
раза по сравнению с активностью исходны х экстрактов.

2. Активность ингибитора проявляется в его связывании с ферментом. L-ц и - 
стеин, меркаптоэтанол и глютатион реактивируют аргиназную активность з а ­
торможенную действием ингибитора.

3. Ингибитор является низкомолекулярным соединением, на что указы ваю т  
результаты  ультрафильтрации на ж ел е „Sephadex” и диализа. Ингибитор устой­
чив в кислой среде, относительно устойчив в нейтральной среде и подвергается  
разруш ению  в щел'очной среде.
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