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The reaction between alkylating compounds (mustard gas, nitrogen mustards, etc.) and certain proteins has 
been studied extensively (see surveys in [1, 7, 9-11]). It has been found that alkylating agents interact with the car-  
bow1, hydroxyl, amino, and SH groups of proteins, and can also cause hydrolysis of proteins. The investigations of 
Soviet authors have demonstrated the rapid fixation of sarcolysin (3-[p-(bis-2-chloroethyl  amino)phenyl]alanine) by 
the proteins of whole human blood serum [4, 6]. 

To discover on account of which individual protein fractions fixation of the haloidalkylamine takes place, and 
to determine the kinetics of this process, it is important to investigate the interaction between sarcolysin and whole 
blood serum and its individual protein fractions. 

The biological activity of alkylating agents may also be estimated from their antiphage action [2, 3]. On the 
basis of general considerations and some experimental findings [2] we postulated that, as a result of the fixation of 
the alkyl groups of the haloidalkylamine with the reactive centers of the protein, its antiphage activity must fall. 
Hence, the use of bacteriophage as a specific biological indicator may be a means of determining the fixation of the 
test substance in relation to the lowering of its antiphage activity, which is capable of being established accurately. 

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

Fresh serum was prepared from donors' blood and as a first step the serum albumin and 7-gl~ were sepa- 
rated from it by Cohn's method. Electrophoresis with a moving boundary showed that other fractions were present in 
these proteins to the extent of 4-6%. A complex protein preparat ion-serum polyglobulin (SPG), containing 80% of 
T-gl~ and 20% of g-globulins, was also used in the experiments. The SPG contained immune ~-globulins  and 
the metal-binding protein,transferrin. The protein concentration was determined by the biuret method and adjusted 
to 1% with physiologicalsaline.  

To 0.9 ml of each of the protein solutions 2 mg sarcolysin in 0.85% NaC1 solution (0.1 ml in volume) was 
added. The reaction took place at 37 ~ for a predetermined period. Binding of sareolysin by the serum proteins was 
determined from the decrease in the antiphage action of this substance from the control level. For this purpose one 
of the phages most sensitive to chloroethylamines was used, namely, coi l-phage O26, which was added in a dose of 
10 T infection phage particles in a volume of 0.1 ml  to the tube containing a mixture of protein and sarcolysin solu- 
tions. After exposure for 5 min, a series of dilutions was prepared, in which the number of phage particles remain-  
ing active was determined by the agar layer method [5]. Each experiment was accompanied by 2 control tests, the 
first to verify the antiphages action of the sarcolysin. For this purpose, to 0.9 ml of physiological saline was added 
0.1 ml  of sarcolysin solution (2 mg), and then 0.1 ml phage. The second control was for the accuracy of determina- 
tion of the number of phage particles in the whole serum and its fractions. To 0.9 ml  of each protein solution, 0.1 

ml  of physiological saline (instead of an equal volume of sarcolysin) and 0.1 ml of phage were added. A series of 
dilution was then prepared from both controls and the experimental tube, and the number of active phage particles 
in the dilutions was counted. The residual phage activity in the experimental samples was expressed as a percentage 
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TABLE 1. Lowering of Antiphage Act iv i ty  of Sarcolysin after 

Interact ion with Whole Blood Serum 

Duration of incubat ion of 

mixture of sarcolysin (2 
mg) with serum 

30 sec . . . . . . . . . . . . . . . .  
60 rain . . . . . . . . . . . . . . .  

3 h  . . . . . . . . . . . . . . . . .  

6 h  . . . . . . . . . . . . . . . . .  
1 2 h  . . . . . . . . . . . . . . . . .  

24 h . . . . . . . . . . . . . . . . .  

Number of phage pa r t i -  

cles remaining act ive  
(as % of control) 

17 • 

27 i6 

30 i4 

50 i12 

75 I14 
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% 
'00 6 

50 

A 

g0 sec ; iz 
�9 J 

Fig. 1. Changes in the antiphage ac t iv i ty  of sarcolysin after 
its in teract ion with whole serum and its fractions. A) Logof 
t ime of interact ion of sarcolysin with solutions of serum pro-  
teins; B) Number of phage part icles  ( in %) retaining their 
ac t iv i ty  after t rea tment  with a mixture of sarcolysin and se-  
rum proteins; 1) Serum; 2) SPG; 3) Albumin.  

of the in i t i a l  number of part icles,  de termined from 

the results of the second control  and taken as 100%. 

The experiments  were taken into considerat ion only 

if no infect ion phage part icles  were present in the 

first control.  The intensity of f ixat ion of sarcolysin 
by the serum proteins could be es t imated indirect ly  
from the number of phage colonies obtained from 
the exper imenta l  samples. 

E X P E R I M E N T A L  R E S U L T S  

The survival rate of the phage part icles  in 
whole human blood serum was determined in pre-  
l iminary experiments.  Cer ta in  batches of serum 
had an inhibitory act ion on phage after exposures 

of as l i t t le  as 5 rain, while others had no such e f -  
fect  after 30-60 rain. The results of our exper i -  
ments are in agreement  with those in the l i terature 
[8]. It should be noted that individual  fractions of 
serum proteins did not possess antiphage properties. 

In subsequent experiments a t tempts  were made 
to determine  the extent  to which whole blood se-  
rum, not possessing antiphage act ivi ty ,  could bind 
sarcolysin, to study the kinetics of this process, and 
to establish the var iabi l i ty  of the results obtained 
by means of this method.  The results of these e x -  
periments,  after s ta t i s t ica l  analysis, are given in 
Table  1. 

The abi l i ty  of sarcolysin to undergo f ixat ion 
by different samples of serum varied within wide 
limits.  To discover the causes of these variations 
and the degree of f ixat ion of sarcolysin with i n d i -  
vidual  fractions of serum proteins, seec ia l  series of 
experiments  were carried out with solutions of hu-  
man  serum albumin, 7-g l~  and SPG. During 

the analysis of the results of these experiments,  a t -  

tention was drawn to the fact  that 7 -g lobul in  hardly interacted with sarcolysin, which almost comple te ly  preserved 
its ant iphage act ivi ty .  The number of infect ion phage part icles  ,,:as approximate ly  the same as in the control  s a m -  
pie, containing sarcelysin solution alone, regardless ef the duration of incubat ion with ) ,-globulin.  The other pro-  
tein fractions ~n,J whole serum possessed a marl<ed ab i l i ty  to depress the antiphage act ion of sarcolysin. 

It is c lear  from Fig. I that, with an increase in the t ime of interact ion between sarcolysin and protein, the 
antiphage ac t iv i ty  of the former fe l l  prog~'essively and the number of infect ion phage par t ic les  remaining in the sam-  
pie  rose correspondingly. Analysis of :he kinetics of the react ion demonstrated that the process took p lace  in three 
phases. During the first few seconds an apprec iable  f ixat ion of sarcolysin by the blood serum proteins was observed. 
These findings are in agreement  with the results of investigations of the binding power of whole serum using other 
methods [4, 6]. During the next 3-5 h, f ixat ion of the preparat ion took p lace  compara t ive ly  slowly, and the rate 
increased appreciably  towards the end of the first day. 

Since, in at1 the experiments  shown in Fig. 1, equal  concentrations of protein solutions were used, the differ-  
ences in the degree of depression of the antiphage act ion of sareolysin indica ted  differences in the degree of in ter -  
act ion between the individual  protein fractions and the a lkyla t ing agent. Whole serum reac ted  most intensively 
with sarcolysin; next in order to depression of the binding power was the compIex of/3 - and ~-globulins (SPG), fo l -  
lowed by albumin, and, finally,  by 7 -g lobu l in  which prac t ica l ly  did not in teract  with the preparation.  However, this 
order was not constant, and changed with an increase in the t ime of incubation of the protein with the solution o fha lo id -  
a lky lamine .  
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Fig. 2. 

- A l b u m i n ~  SPG 

-a-globulin and ~-Iipoproteins 

Relative role of individual protein fractions 
in inactivation of sarcolysin. 

To compare and estimate the relative role of the in- 
dividual fractions in the depression of the antiphage act iv-  
ity of sarcolysin, the observed effect had to be compared 
with the relative content of these fractions in the serum. 
This rested on the assumption that the degree of inact iva-  
tion of the a lky la ing  substance is proportional to the con-  
cent.ration of protein in the solution. 

The results given in Fig. 2 show that the relative role 
of albumin in the binding of sarcolysin gradually increased 
in time, and reached 40% after 24 h. Since the ~, -globulin 
practically did not interact with the haloidalkylamine, the 
binding power of the SPG was evidently due to the other 
fractions composing this complex and, in particular, to the 
components of the t -g lobul in  fraction. The degree of anti-  
phage activity of the sarcolysin after its interaction with 
SPG remained approximately constant for 12 h, and there- 
after rose slightly for 24 h (from 14-16~ to 28-80%). It 
may be concluded from these results that during the first 
phase most of the sarcolysin was bound, not with albumin, 
or t -  and 7-globulins, accounting for 88-90% of the total 
content of the serum proteins, but with other components 
of the blood serum. This suggests that the lowering of the 

antiphage action of sarcolysin took place on account of the co-globulins or ~-lipoproteins, components not present 
in the fractions which we investigated. The a-globulin fraction was a complex system of individual proteins, dif- 
fering in their antigenic structure and performing different physiological functions. The relative proportio.n of these 
components in this particular fraction varied within comparatively wide limits. This feature probably accounted 
for the variability observed in the antiphage activity of individual samples of donors' sera. 

To examine the mechanism of inactivation of the alkylating agents in the presence of proteins an important 
step was to determine the absolute amount of sarcolysin bound by the individual proteins and by whole serum. The 
preliminarily established relationship between the degree of inactivation of phage and the amount of sarcolysin in 
the reaction mixture (Table 2) was used to plot a calibration curve by means of which the amount of sarcolysin 
bound with proteins after definite time intervals could be computed approximately. 

This method enables the degree of fixation to be determined with an accuracy not exceeding 10-15%, although 
for the preliminary calculations thi~ was good enough. Curves  showing the amount of sarcolysin fixed by serum 
and individual proteins at different t ime intervals are shown in Fig. S. As in the case of Fig. 1, they demonstrate 
the existence of three phases of the process of interaction between the alkylating substance and proteins: all the 
curves have two inf lect ions-one in the time interval to 1 rain, and the other between 3 and 6 h. The question ac-  
cordingly arises: to what can these three phases of the process of association of protein with sarcolysin be due ? 

It may be postulated on the basis of our findings that the rapid fixation of sarcolysin in the initial period is 
due to the formation of a complex with one or several components of the a-globulin fraction. The reactivity of the 
~1-metal-binding globulin and of the B2-globulins contained in SPG remained almost constant and rose only at the 
end of the first day, whereas the amount of sarcolysin bound by albumin rose progressively. The investigated process 
took place at a pH exceeding the isoelectric point of albumin, so that the chance of interaction with a carboxyl 
group was slight, and the haloidalkylamines hardly react  at all with the amino group [11]. However, during incu- 

TABLE 2. Relationship Between AntiphageActivity of Sarcolysin and i tConcentration 

Number of pha~e particles remain-  0 1,4 6 ] 29 51 80 loo 
in~ active (in ~o) 

Concentration of sarcolysin(in~tg/ml) 2000 1 500 750 500 375 125 62,5 
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Fig. 3. Kinetics of fixation of sarcolysin by serum proteins. A) Log 
of t ime of incubation of sarcolysin with solutions of serum proteins; 
B) Amount of fixed sarcolysin (in gg /mg  protein); 1) Serum; 2) 
SPG; 3) Albumin. 

bation of protein in an excess of sarcolysin, partial denaturation of the protein evidently takes place, leading to an 
increase in the fixation of sarcolysin, which brings about a lowering of its antiphage action at the end of the first day. 
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