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Investigations by gel-f i l t rat ion,  spect rophotometry  in the far ul traviolet  region,  and equilib- 
r ium dialysis using sarcolys in-H 3 and hydrolyzed sarcolys in-H 3 showed that sa rco lys in  binds 
with the histones of two strains  of Yoshida's sa rcoma .  The histone of the s t ra in  sensitive to 
alkylating agents binds more  sarcolys in  than that of the resis tant  s t rain.  A possible c o r r e -  
lation is suggested between sensit ivity to anti tumor preparat ions  and thei r  interaction with 
his tones.  

Ujhazy and Winkler [7, 8] obtained a res is tant  line of Yoshida's asci tes  sa rcoma  by repeated injection 
of increasing doses of t r i s - (chloroethyl ) -aminohydrochlor ide .  This s t ra in  retained its res is tance to other 
alkylating compounds also and was 100 t imes less sensitive to sa rco lys in  than the original tumor .  Ball et 
al. [5, 6] investigated some propert ies  of the original and res is tant  s t rains  of this t umor  and found no dif-  
ference in the number of ch romosomes ,  rate of growth, content of nucleic acids and proteins,  number  of 
free thiol groups, and kinetics of ceil division. 

Data showing that these two strains  of tumors  differ in the ability of their  histones to bind sa rco lys in  
are presented below. 

E X P E R I M E N T A L  M E T H O D  

Binding of sarco lys in  with histones of res is tant  and sensit ive s t rains  of Yoshida's tumor  (R-histone 
and S-histone, respectively) was determined by gel-f i l t rat ion,  spec t rophotometry  in the UV region, equilib- 
r ium dialysis ,  and utilization of sa rco lys in-H 3 (with the H 3 in the ortho position of the a romat ic  ring). The 
corresponding unfractionated histones were  isolated a s  described previously [3]. The cells of both lines of 
tumors  were  obtained f rom Dr.  Connors (Chester Beatty Institute, London). Spectrophotometry was c a r -  
ried out on a P e r k i n - E l m e r  spect rophotometer  (model UV 137). Radioactivity was measured on a Packard 
Tr i ca rb  model 314 FX scintil lation counter.  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

For gel-f i l t ra t ion a column with Sephadex G-25 was used to separate protein and sarcolys in  f rom the 
react ion mixture.  Since sarcolys in  has a higher absorption at 260 nm than at 280 nm, while histone behaves 
in the opposite way,  the ability of sa rco lys in  to bind histones c a n b e  determined by gel-f i l t rat ion if thequan-  
t i ty of sa rco lys in  bound is sufficient to affect the E280/E260 ratio (where E represents  the optical density).  
The R-  and S-histones in the protein peak have an underest imated value of the E280/E260 rat io,  slightly more  
marked in the case of the S-historic. This effect could be the result  of addition of the sa rco lys in  to the h i s -  
tones and its elution in the protein fraction.  

Spectrophotometry in the far  ultraviolet  region (190-220 nm) reveals  changes in the intensity of ab-  
sorpt ion during complex formation by histones with DNA and dyes [1, 2]. On mixing histories with sarcolys in  
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Fig. 1. Absorption spectra in the UV region of R- and S-histones, sarcolysin, and their mix- 
tures: A) R-histone, B) S-histone; 1) sarcolysin, 2) histone, 3) mixture of histone and sareoly- 
sin, 4) calculated curve of some of absorptions of histone and sarcolysin measured separately. 
Abscissa ,  wavelength (in nm); ordinate,  optical density (E). Shaded area represen ts  hypo- 
chromic  effect ( - -~D).  Medium: 0.1 M phosphate buffer,  pH 6.8. Concentration: of historic 
25 fzg/ml, of sa rco tys in  5 ~g/ml .  

Fig. 2. Absorption spec t ra  of R-  and S-histones af ter  dialysis against sa rco lys in  and hydro-  
lyzed sarcolysino Before d ia lys is :  1) R-his tone,  2) S-histone.  After dialysis against hydro-  
lyzed sarcolys in :  3) R-his tone,  4) S-histone; against sarcolys in :  5) R-his tone,  6) S-histone.  
Absc issa ,  wavelength (in nm); ordinate,  optical density (E). 

TABLE 1. 
with Sarcolys in  

Optical Charac te r i s t i cs  of Mixture of R-  and S-Histones 

Hypochromic effect (- AD) 

O,OIM HC1 

0,020~:) ,050 
0 ,200--0 ,230 

O,OIM 
NaOH 

0.1 M phosphate 
buffer, pH 6.8 

0,020--0,095 
0,130- -0 ,165  

Histon~ 
H,O 

R 0,090--0,110 
S 0,190--0,205 

0.1 M acetate 
buffer, pH4.5 

0,020--0,140 
0,210--0,220 

TABLE 2. Radioactivi ty of Histone af ter  Dialy-  
sis for 24 h against Sarcolys in-H 3 and Hydrolyzed 
Sarco[ysin-H 3 (in pu l ses /min  per 0.4 mlso[ution) 

R -lfisto 
S-histone 
Ra dioactivity of ofigina 1 
solution (in p3tlses/min 
l~r 0.4ml solution) 

Hydrolyzed 
S arco lysin- H s sarco lysin- H s 

237 
371 

21 002 

717 
744 

67 130 

the sum of the absorpt ions of historic and s a r c o l y -  
sin does not correspond to the intensity of absorp -  
tion of the mixture.  A hypoehromic effect (--AD) 
was observed,  and its value differed for R- and S- 
histories (Fig. 1). The value of-A~D also depended 
on the medium in which the histone was mixed with 
the sa rco lys in  (Table 1). 

In every  case the S-histone had a higher value 
o f -  ~D than the R-historic; i .e. ,  more  sarcolys in  
was bound with the S-historic. With an increase in 
the concentrat ion of sarcolys in ,  the value o f -  AD in- 
c reased  much more for the R-histone than for the S-  
histone.  

Equil ibrium dialysis against sa rco lys in  and biologically inactive ("hydrolyzed")sarcolys in  [4] showed 
that both these compounds penetrate into the dialysis  sac and bind f i rmly with his tones,  for precipitat ing 
and washing the histones with acetone did not separate  the sa reo lys in  f rom them, for the absorption spec-  
t rum of the solution obtained after  dialysis of the histone was changed, giving a sharp r ise  in E at 260 nm 
(Fig. 2). Under these conditions hydrolyzed sa rco lys in  also was bound with the his tones,  but to a l e s se r  

1443 



degree.  Both sa rco lys in  and hydrolyzed sarcolys in  were found to a g rea te r  degree with the S-histone than 
with the R-his tone.  The difference between the two histones in the case of hydrolyzed sarcolys in  was no 
less marked.  

The use of sarcolys in-H 3 in these experiments  also showed that sa rco lys in  binds with histones and 
that hydrolyzed sarcolys in  binds almost  equally with R-  and S-histones whereas sarco lys in  itself binds to 
a g rea te r  degree with S-histone (Table 2). 

Incubation of the ceils of the resis tant  and sensitive lines of the s a r c o m a  for 1 h at 37~ with s a t :  
co!ysin-H3 , followed by isolation of the histone and determination of its radioactivity,  showed that both R- 
and S 'h is tones  incorporate label intensively. Thei r  values were  5080 and 1955 pulses / ra in / rag ,  r e spec -  
tively. 

The results  described above show that sa rcoIys in  binds with the histones of tumor  ceils,  and it does 
so to a g rea te r  degree with the histones of cells sensitive to alkylating agents than with those of cells r e -  
sistant to them. The ability of histones to bind with alkylating compounds is evidently connected with the 
res is tance  or  sensit ivity of the tumor  cells to these compounds. 
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