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Studies on the actin-actin bonding 

Since the discovery by KUSCHINSKY A N D  T U R B A ,  tha t  polymerisat ion of actin can be inhibited 
by Salyrgan 1, the mechanism of this inhibition has remained unsolved. For a closer approach 
to the problenl the number  of SH groups reacting with Salyrgan in G- and F-actin has been 
measured. 

In  our exper iments  actin, purified 2 with Mg ¢+, was stirred with 20 M Salyrgan/ io  ~ g protein 
at r{)om tempera ture  for 3 ° minutes,  p H  6.5-7.0. I t  was precipitated isoelectrically and washed 
repeatedly. After dissolution it was denatured with 5 M guanidine hydrochloride at o °, and the 
released SH groups were t i t ra ted according to EDELHOCH et al.  a. As in G-actin, after denatura t ion 
with guanidine-HCl, free SH groups did not appear, we present in Table I only the SH groups 
tha t  remained in 57,000 g F-actin after t r ea tment  with Salyrgan. 

KOMINZ el al.  found tha t  57,000 g actin protein give 4,2 
cystein residues 4, TSAO AND BAILEY reported tha t  N-ethylmale- TABLE I 
imide does not  inhibit polymerisation, at  the same time it reacts REMmNING SH GROUPS IN 
with only half of the total SH, both in G-actin and in F-actin s. 57,ooo g F-ACTIN AFTER 
These data, together  with the results of the table above, show TREATMENT WITH SALYRGAN 
clearly tha t  out of the four SH groups of G-actin, there are only 
two which are necessary for the t ransformat ion of G-actin to Preparation M SH 
F-actin. No. 

KUSCHINSKY AND TURBA were the first to show tha t  F-actin 
may  be depolymerised with Salyrgan as well 6. The detailed s tudy  i 2.05 
of this depolymerisation revealed tha t  it depends to a great 2 2Ao 
extent  on the p H  7. While at pH 7.o the depolymerisation 3 1.92 
----compared with tha t  of the control is i5%,, at p H  8.o it 
amounts  to 64% and at pH 9.0 to 76 %. The rate of depolymeri- - - - 
sation does not depend practically on the added amoun t  of 
Salyrgan; it is controlled by pH. The reaction is reversible and depends on time and tempera-  
ture. We also observed tha t  in completely depolymerised F-actin at  pH 9.o, Salyrgan reacts 
with all the SH groups. The most  probable explanat ion of this phenomenon  may be tha t  
depolymerisation and simultaneously the niercaptide-forming reaction occur only if the SH 
groups, bound at p H  7.o due to some previous reaction, are set free. I t  is reported in the liter- 
ature tha t  a hydrogen bond may  be formed in peptides between SH and NH 2 groups 8-n. 

In order to clarify the role of amino groups, actin was treated with specific amino group 
reagents. After acetylation with acetic anhydride all the amino groups are b o u n d - - w i t h o u t  the 
reaction of tyrosine residues and simultaneously F-actin is completely depolymerised 7. 
Fur thermore ,  if actin (1.35 mg/ml) is incubated for one and half minutes  with formaldehyde 
at room temperature ,  pH 7.5-8.o, F-actin depolymerises, resp. G-actin does not polymerise on 
addition of o.I volume of i M KCI + o.ot M MgSO 4. Both reactions are reversible if the 2.25 ° o 
content  of formaldehyde is removed by isoelectric precipitation from actin (Table Ii) .  

TABLE If  

E F F E C T  OF F O R M A L D E H Y D E  ON T H E  V I S C O S I T Y  OF F I B R O U S  A N D  G L O B U L A R  S O L U T I O N S  OF ACTIN 

log rtrel X zooo 

be/ore isoelectric alter isoelectric 
precipitation precipitation 

F-actin 249 
F-actin + formaldehyde 35 
G-actin + KC1 + MgSO 4 255 
G-actin + formaldehyde + KC1 + MgSO 4 48 

248 
2 4 2  

250 
238 

I t  was found, tha t  A T P - - w h i c h  can be considered, according to STRAUB A N D  FEUER, as the 
prosthetic group of actiniC--decreases considerably the degree of depolymerisat ion by Salyrgan, 
formaldehyde and urea (Fig. I). 

This proves the specificity of depolymerisation brought  about  by the binding of both  SH and 
NH= groups. Moreover, the protection of urea depolymerisation indicates tha t  the depolymerising 
effect of urea is localised upon the specific combining site also and it breaks the supposed hydrogen 
bond between SH and NH 2 groups. 
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Fig. i. Protect ing effect of ATP against  depoly- 
merisation by Salyrgan, formaldehyde and urea. 

Incubat ion:  with Salyrgan: 15 rain 37°; i o M  
Salyrgan/ io  ~ g protein;  1.6 mg/ml  
protein. 
with formaldehyde:  5 min at room 
tempera ture ;  ~.8% formaldehyde;  
t.6 mg/ml protein. 
with urea: 3 ° min at room tempera-  
ture;  15% urea;  1.75 mg/ml  protein. 
control:  15 rain 37 ° , resp. 3 ° min at 
room tempera ture  ; i .6 mg/ml  protein. 

Buffer: o.o 5 M borate p H  8.o. Ionic s t rength : o. 12. 
(i) control:  (2) with Salyrgan; (3) with urea; 
(4) with formaldehyde. Viscosity measurements  
were carried out  at o ° in an Ostwald viscosimeter 
as specified in our laboratory. 
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In order to unders tand  more clearly the depolymerisat ion protecting effect of ATP and ATP-actin 
bonding, we have compared the protect ing effect of ATP-forming compounds  ( 6 . i o - 3 M )  
against various depolymerising substances (Table I I I ) .  

TABLE I I I  

P R O T E C T I N G  E F F E C T  O F  A T P - F O R M I N G  C O M P O U N D S  O N  V A R I O U S  D E P O L Y M E R I S A T I O N S  O F  F - A C T I N  

(The numbers  represent:  logtlr d in per cent of unt rea ted  controls) 

Depolymerising substance 

Salyrgan Formaldehyde Urea 

F-actin 28 29 28 
F-actin + ATP 94 9 ° 81 
F-actin + AMP 98 6o 48 
F-actin + IMP 96 63 47 
F-actin + adenosine ioo 5.5 4 ° 
F-actin + adenine 74 3 ° 3 ° 
F-actin + Na2HPO 4 28 3 ° 28 
F-actin + Na4P20 ~ 29 5 ° 3 ° 
F-actin + Na~PaO10 28 46 29 

Exper imenta l  conditions: Salyrgan ioM/ ioS  g protein, 37 °, 15 min;  formaldehyde 1.5% room 
temperature ,  5 min;  urea 15 %, room temperature ,  15 rain. 

1.6 mg/ml  protein, o.o5M borate buffer p H  8.o, ionic s t rength:  o.i2. 

As can be seen from the results, the protect ing effect of ATP against the mercaptide-forming 
agent is completely replaced by  AMP, IMP and adenosine, and to a great  extent  by  adenine. 
As far as the protection of the depolymerising effect of formaldehyde and urea is concerned, 
ATP proves to be the nlost active; in the case of formaldehyde,  anorganic pyro- and t r iphosphate  
are also effective. 

In  the presence of Mg ++ the protect ing effect of ATP against  Salyrgan and potass ium iodide 
is increased la. Mg ++ and ATP together  inhibit  competet ively the Salyrgan depolymerisat ion la. 
This s t a tement  means  tha t  ATP combines wi th  the bound SH groups of F-actin and as can be 
seen from Table I I I  the combinat ion occurs from the adenine part.  

On the basis of our  results we may  assume tha t  the hydrogen bond between SH and NH 2 
groups plays a p r imary  role in the combinat ion of actin-actin parts.  I t  remains  however unsolved 
whether  this amino group belongs directly to the protein or to the nucleotide of actin. 

This work was carried out  with the collaboration of J. SPIRal, and with the assistance of 
G. K6TELES and E. NAGY and is to be published in detail in Acta Physiol. Acad. Sci. Hung. 
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We are greatly indebted to Prof. \.:. Sz. HERMANN for her interest  and encouragement  in 
connection wi th  th i s  work. 

M. BA.RANY 
Institute o/Biochemistry, Medical University o/ Budapest (Hungary) 
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The biogenesis of tropane alkaloids 

In  recent t imes tracer techniques have been used in research on the biogenesis of alkaloids. No 
doubt  these methods  will give new and impor t an t  facts. The results, however, should be carefully 
interpreted. 

One of the most  impor tan t  reports  on this subject comes from LEETE, MARION AND SPENSER 1. 
They fed ornithine-2-1aC to Datura stramonium plants  and isolated radio-active hyoscyamine 
from the whole plant. The isolated scopolamine, however, was inactive. To explain this result  
they  suggested tha t  scopine is synthesized by another  mechanism from another  precursor,  viz. 
hydroxyorni th ine  via hydroxyprol ine.  

Although the existence of two separate synthesizing mechanisms for these alkaloids has 
been proposed on other  grounds 2 it seems to me highly improbable  tha t  these two related alkaloids 
should be synthesized along different pa thways .  Moreover, another  explanat ion of the above 
mentioned r e s u l t s - - i n  my  view a more likely o n e - - c a n  be given. 

LEETE et al. placed the plants  in 500 ml feeding solution containing io mg ornithine with 
a total  activity of 2.9" lO 6 dis/rain. After 7 days, when the plants  were harvested, the activity 
remaining in the solution was o.oi • lO 8 dis/min, corresponding with 0.035 mg ornithine. 

Their results m a y  be fully explained when one assumes tha t  scopolamine is the first alkaloid 
synthesized from ornithine, bu t  is in a short  t ime t ransformed into hyoscyamine.  

At first the active ornithine competes  favourably with the present  ornithine, due to its 
concentrat ion and the radio-activi ty will tu rn  up in scopolamine, as well as in other metabolic 
products .  After some time the radio-activity of the scopolamine produced per unit  of time, will 
decrease as a result  of the decrease in the concentrat ion of ornithine in the feeding solution. 
Now, assuming tha t  the scopolamine is cons tant ly  t ransformed into hyoscyamine,  the radio- 
activity of the scopolamine fraction will gradually decrease and it is quite possible that ,  at  the 
m o m e n t  of analysis, practically all the radio-activity of the alkaloid fraction will be found in 
the hyoscyamine.  

An indication tha t  in fact ornithine is a precursor  of both  alkaloids was obtained in experi- 
ments  with sterile root  cultures of Atropa belladonna, which will be published in due time. 

Feeding ornithine resulted in an increase in alkaloid content  from 0. 4 % on dry  weight  
in controls, to 0.8 % and a chromatographic  analysis showed tha t  bo th  alkaloids had increased. 
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Delft (Netherlands) 
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