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The Fundamental Conditions for Countercurrent Distribution 

 Studies of Clupeine* 
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 (Received September 5, 1958)

 The heterogeneity of some protamines, 

protein moieties in sperm nuclei of fishes, 
namely clupeine1-9) from herring, sal-

mine3,4) from salmon, iridine3,4,10) from 
rainbow-trout, and mugiline11,12) from mul-
let, has been reported from German1-7) 
and Japanese8-12), laboratories. Never-
theless, it is still uncertain how the hetero-

geneity of protamines originates and what 
the biological activities of different molec-
ules are. Thus, as the first step to resolve 
the problem, clupeine has been examined
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for heterogeneity by means of Craig's 
countercurrent distribution (C.C.D.) 
method13-15). 

The usefulness of C.C.D., using a sol-
vent system consisting of lauric acid in 
butanol and aqueous sodium acetate, for 
the fractionation of the methyl ester 
hydrochlorides of clupeine3-5) and mugi-
line-B11,12) has already been described. 
This solvent system, however, prooooed to 
be unsuitable for these protamine sul-
fates3,11). The sulfate is considered to 
represent more intact protein without any 
treatment of methyl esterification and to 
be suitable for the elucidation of the 
origin of the heterogeneity of clupeine. 
Thus, a course of study aiming to obtain 
desirable conditions for the fractionation 
of clupeine sulfate by means of C.C.D. is 
described in this paper.

Experimental

Preparation of Clupeine Sulfates). -Dry 
powder** (50 g.) of the matured milts of herring 
(Clupea pallasii) obtained in 1951 (at Yoichi facing 
the Japan Sea, Hokkaido, Japan) was stirred with 
0.2 N hydrochloric acid (600ml.) under ice-cooling 
for 50 minutes, and clupeine was precipitated as 
picrate (yield 12.3 g.) by the addition of 0.125 M 
sodium picrate to the first extract. The clupeine 
picrate (5.29 g.) was then dissolved into 67% 
(wt./wt.) aqueous acetone, and converted in to 
the sulfate by adding sulfuric acid (to pH 2) and 
ethanol under cooling. The aqueous solution of 
clupeine sulfate reprecipitated once was passed 
through the Dowex-2 column (sulfate form) to 
remove the contaminating picric acid. Thus 
white glittering powder (yield 2.29 g.) of clupeine 
sulfate was obtained from the eluate after two 
reprecipitations. 

Preparation of Clupeine p-Toluenesul-
fonate.-An aqueous acetone solution of clupeine 
picrate (253mg. in 2.5ml.) and an aqueous solu-
tion (6.8ml.) of 4% p-toluenesulfonic acid (see 
below) were mixed. The liberated picric acid 
was removed by means of ether extraction (five 
times with 10ml. each) and by means of treat-
ment with Amberlite IRA-410 (p-toluenesulfonate 
form). The resultant solution (pH 2) was neu-
tralized with Amberlite IR-4B (OH-form). White 
amorphous powder of clupeine p-toluenesulfonate 
was obtained by lyophilization (yield 99mg.)***. 
 Solvents for the C.C.D.-n-Butanol, commer-

 cial grade; acetic, dichloroacetic, trichloroacetic 
 and picric acid, commercial grade. 

p-Toluenesulfonic acid-The commercial reagent 
was treated with charcoal and recrystallized from 
a hot solution in concentrated (1: 1, by volume) 
hydrochloric acid, or by saturation of the aqueous 
solution with gaseous hydrogen chloride. The 
melting point was 104-105C (cor.). 

Principles of Method.-To the C.C.D. of 
proteins, only a few types of solvent systems, 
especially the so-called"butanol systems"16) are 
applicable. The author tested, therefore, various 
systems consisting of n-butanol and aqueous 
solution containing some reagents such as hydro-
chloric, acetic, dichloroacetic, trichloroacetic, p-
toluenesulfonic**** or picric acid, sodium p-
toluenesulfonate and sodium chloride. In every 
case, the partition coefficients of . clupeine in 
these systems were measured, and the system 
satisfying the conditions necessary for C.C.D.14) 
-no irreversible effects on the solute and a linear 

partition isotherm***** with a partition coefficient 
not much shifted from unity-was searched for. 

Determination of Partition Coefficient.-A 
mixture of 1ml. of n-butanol and 1ml. of an 
aqueous solution containing the known concentra-
tions of a clupeine sample and a reagent or 
reagents (see above) were put into a test-tube 
(1x12cm.) with a glass stopper, and left to stand 
at a constant temperature in an incubator for 30 
minutes. Then the test-tube was vigorously 
shaken for about 30 seconds at room temperature, 
and allowed to stand again in an incubator for 
10 minutes. After the phases separated, the 
amounts of clupeine in both of the phases were 
measured by the retention analysis using an 
acidic dye, ponceau 6RF9). The average value 
from three to six measurements was used. The 
ratio K=C1/C2, where C1 and C2 are the equili-
brium concentration of the sample in the upper 
and the lower phases respectively, was defined 
as a partition coefficient. 

Results and Discussion 

 Dependence of the Partition Coefficient 
upon Concentration of the Reagents in 
the System.-In the systems consisting 
of n-butanol and aqueous solutions of 
various concentrations of hydrochloric, 
acetic or picric acid, the K-values of 
clupeine sulfate were found to be almost 
zero. Therefore these systems were 
discarded. 

 In the case of the systems containing
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dichloroacetic, trichloroacetic or p-toluene-
sulfonic acid, the K-values of clupeine 
sulfate at a definite concentration in-
creased as the concentration of these acids 
increased (Fig. 1). Because of the low K-
value for dichloroacetic acid and of the 
difficult solubility of the sample in tri-
chloroacetic acid, only the system contain-
ing p-toluenesulfonic acid was found to be 
favorable for the distribution of clupeine.

Fig. 1. Dependence of K-value of clupeine

 sulfate upon the concn. of acid in the

 system of n-butanol vs. aq. acid (18～

 23℃).

 Dependence of the Partition Coefficient 
upon the Concentration of the Sample.-
In the solvent system consisting of n-
butanol and an aqueous p-toluenesulfonic 
acid at a definite concentration, the parti-
tion isotherm was not linear; in other 
words the K-value of clupeine sulfate de-
creased as its concentration increased 
(curve I in Fig. 2). The same relation 
was observed when either clupeine p-
toluenesulfonate was taken for its sulfate 
(curve II in Fig. 2) or p-toluenesulfonic 
acid was replaced with its sodium salt

(curve III in Fig. 2); only in the last case 
n-butanol in the system was replaced by 
n-butanol-n-propanol mixture (3:1, v./v.) 
from the viewpoint of miscibility.

Fig. 2. Dependence of K-value of clupeine 
 salt upon its concn. in the system of 
n-butanol* vs. p-toluenesulfonic acid or 

 its Na salt.

 *In the case of III , n-butanol-n-propanol 
(3:1).

 The non-linearity of an isotherm is 

generally observed in the partition of in-
organic cations, and the favorable partition 
can be performed by the use of a solvent 
system containing a large excess of a 
complexing agent at a constant pH18). The 
same situation is expected in the case of 
clupeine which is a strongly basic protein. 
 Thus, the higher concentration of p-
toluenesulfonic acid may bring a linear 
isotherm but with an undesirably large 
K-value and a very low pH. However, 
its salts, for example sodium p-toluenesul-
fonate, would have the same effect at 
neutral pH as the acid has, and the addi-
tion of sodium chloride in the system 
would make the K-value decrease because 
of its "salting-in" effect. Therefore, in 
the solvent system consisting of n-butanol 
and an aqueous solution containing a high 
and suitable concentration of both sodium 

p-toluenesulfonate and sodium chloride, a

18) E. Hecker. "Verteilungsverfahren im Laborato-
rium", Verlag Chemie, GMBH, Weinheim/Bergstr. 
(1955), pp. 18, 107.
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linear isotherm with a suitable K-value 
would be obtained at a neutral pH range. 
In fact, these considerations were proved 
to be the case as shown in Fig. 3.

Fig. 3. Dependence of K-value of clupeine 

 sulfate upon its concn. in the system 

 of n-butanol vs. aq. salts.

The range of the clupeine concentration 
where the K-value remains constant be-
comes broader as the concentration of sodi-
um p-toluenesulfonate increases (curves 
I and II, III or IV in Fig. 3). It seems 
that the constant K-value ranges depend 
only upon the concentration of sodium p-
toluenesulfonate; temperature (curves II 
and III in Fig. 3) and concentration of 
sodium chloride (curves III and IV in Fig. 
3) seem not to affect the constant ranges 
and the gradients of the curves. 

Thus, the solvent system consisting of 
n-butanol and an equal volume of aqueous 
solution of 0.12 M sodium p-toluenesulfonate 
.and 0.40 or 0.48m sodium chloride (curve 
III or IV in Fig. 3) was found to possess 
at common temperature the linear iso-
therms with adequate K-values for clupeine 
sulfate, so far as its concentration was 
.less than 0.2 per cent in the total volume 
of both phases. In ranges of the higher 
concentration of clupeine, the K-values 
suddenly decreased (see also Fig. 3). 

Dependency of the Partition Coefficient 
upon Temperature.-The K-values of 
.clupeine sulfate in the solvent system 
consisting of n-butanol and aqueous p-
toluenesulfonic acid at 0℃ and 40℃ were

equal (Table I). On the other hand, they

decreased obviously in the system of n-

butanol and an equeous solution contain-
ing sodium p-toluenesulfonate and sodium 
chloride as temperature increased (Table 
II). Therefore, we must do a C.C.D. pro-
cedure with the latter system at a con-
stant temperature. 

 TABLE I 
 DEPENDENCE of K-VALUE OF CLUPEINE 
 SULFATE (0.02%) UPON TEMP. IN THE 
 SYSTEM OF n-BUTANOL VS. AQ. 0.029M 

 p-TOLUENESULFONIC ACID

 TABLE II 
DEPENDENCE OF K-VALUE OF CLUPEINE 
SULFATE (0.022%) UPON TEMP. IN THE 
SYSTEM OF n-BUTANOL VS. AQ. 0.14M Na 

p-TOLUENESULFONATE-0.40 M NaCl

The solvent system described in the 
above, well satisfies the conditions neces-
sary for C.C.D. procedure (see principles of 
the method). In such a system of neutral 
condition, a danger of secondary trans-
formation of protamines would be mini-
mized. In this system the K-value can be 
easily controlled by changing the con-
centration of the components. Moreover, 
the presence of sodium chloride increases 
the capacity of the system to dissolve the 
sample and reduces the time necessary 
for the separation of phases. 

The usefulness of the present system 
was practically proved by a preliminary 
experiment of C.C.D., in which the hetero-
geneity of clupeine sulfate was evidently 
demonstrated9), contrary to Rauen's re-
sult******,3). Recently, Scanes and Tozer19) 
reported the fractionation of clupeine sul-
fate by C.C.D. technique, using a unique 
solvent system, n-propanol-3 M sodium 
acetate (3: 2, by volume). The fractiona-
tion efficiency of their system seems to 
be nearly the same as ours. 

 In connection with the unique effect of 
p-toluenesulfonate anion in the solvent 
system, a strange phenomenon was pointed

******In the Rauen's system, undesirably small K-values 

were obtained for the sulfates of clupine3) and mugiline-
β11).

19) F. S. Scanes and B. T. Tozer, Biochem. J., 63, 565

(1956).
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out by Pierce20) in the case of C.C.D. of 
an ox pituitary growth hormone. In spite 
of the fact that the distribution pattern 
of the hormone protein agreed with the 
theoretical curve in the solvent system 
consisting of sec-butanol and 0.0044 M aque-
ous p-toluenesulfonic acid, some disagree-
ment was found between the experimental 
and theoretical curves, when the acid con-
centration was 0.0022 M. This phenomenon 
might be explained by such non-linearity 
of the partition isotherm of the hormone 
as is shown above in clupeine, though 
Pierce denied its possibility in his paper. 

 Summary 

 The conditions and solvent system suita-
ble for C.C.D. of clupeine sulfate, were 
systematically studied and the following 
results were obtained. 

1. In the solvent system consisting of 
n-butanol and aqueous hydrochloric, acetic 
or picric acid, the partition coefficient (K) 
of clupeine sulfate was almost zero. 

2. In the system consisting of n-butanol 
and aqueous dichloroacetic, trichloroacetic

or p-toluenesulfonic acid, the K-value 
increased with the increase of the acid. 
concentration at a constant solute concent-
ration. In the last system, at a constant 
acid concentration, the K-value decreased 
with the increase of the solute concentra-
tion. 

 3. The system consisting of n-butanol 
and an equal volume of aqueous solution 
containing 0.12 M sodium p-toluenesulfonate 
and 0.40 or 0.48 M sodium chloride was 
found to satisfy all the conditions neces-
sary for the C.C.D. of clupeine sulfate. 

The author wishes to express his hearty 
thanks to Professor T. Ando for his gui-
dance and encouragement throughout this 
work, as well as to Dr. I. Ishii for his 
helpful discussions and also to Dr. C. 
Hashimoto for her cooperation in the pre-
paration of clupeine. The present work 
was supported in part by the Scientific 
Research Grant from the Ministry of 
Education given to Professor T. Ando. 

 Department of Biophysics and 
Biochemistry, Faculty of Science 

 the University of Tokyo 
Hongo, Tokyo20) J. G. Pierce, ibid., 57, 16 (1954),


