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THE PREPARATION OF d-ARGININE HYDROCHLORIDE 
FROM SALMON TESTES 

Macpherson (le) has determined the arginine con- 

tent of various proteins, and reports that in the pro- 

tamine, salmine, 86.5% of the nitrogen is arginirie 

nitrogen, as compared to edestin, 28.'?%; wool keratin, 

20.5%; gelatin, 15.3%; ovalbumin, 11.7%; and casein, 

8. 4%. 

Protarnines are the simplest known proteins, and 

are named according to their origin. The protamine from 

salmon testes is named salmine, and that frota sturgeon, 

sturine (13a). It is assumed that the sairnine extracted 

from the various species of salmon is identical. 
The composition of salmine sulfate was extensively 

studied by Block (s), who reported the amino acid content 

to be: arginine, 68.5%; proline, 6.10%; serine, 5.44%; 

valine, 3.2%; alanine, 2.8%; isoleucine, 1.15%; and 

sulfuric acid, 19.1%. Histidine, lysine, tyrosine, 

tryptophan, phenylalanine, cystine, methionine, leucine, 

arid glutamic acid were not found. 

From the foregoing analysis, it is evident that 

salmirie would be an ideal material for the preparation 

of arginirie; however, the isolation of salmine from sal- 

mon testes is, at best, a long and expensive process 

(13b, 19, 20). In view of this fact, it was decided to 

investigate the possibility of salmon testes as a direct 

source of argiriine. 
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Salmon testes are available in large quantities 

from canneries along the coastal streams of the Pacific 

Northwest. These testes have practically no market value 

and, except for a small demand for the production of 

salmine sulfate, are utilized only as scraps in the prep- 

aration of fish meal. The testes may be preserved by 

freezing or may be dried. The testes from a single fish 

may weigh up to 2 kilograms. 

The testes of salmon vary considerably as to 

arginine content (21). This depends upon the ripeness 

of the sperm. Salmon testes, when ripe, contain the 

sperm cells in a rather fluid suspension in saline. The 

water content is approximately 80%. According to Lynch 

(1?), the dry sperm cells of whitefish consist of about 

30% protamine, with ?O nucleic acid combined as a salt. 

Salmon testes will probably vary little from this. When 

the testes are not ripe, they are not fluid, and un- 

fortunately, the protamine content is low. Instead of 

protamine, the protein contains histone in which lysine 

predominates. The transition from histone to protamine 

is not completely understood. Some species of fish, such 

as the carp, ehow the transition forms to a much greater 

extent than others. Kossel (14) believes the protarnine 

to be derived from the histone. The detection of histone 

may be made by a test for tyrosine, since protamine does 
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riot contain this amino acid. The actual source of the 

arginirie is believed by Weiss (21) to come from the muscle 

tissue, and he estimates that the male salmon uses 4O 

of the muscle in the formation of the testicles during 

breeding season. This estimate was based on a 9 kilo- 
gram salmon that yielded 2? g. protamine, containing 

22.8 g. arginine. The muscle protein contained 5.6% 

arginine, requiring about 400 g. muscle protein to 

furnish the arginine necessary. A.rrizoni and Fisher 

(i) have suggested salmon protein as a source of 

arginine, as well as other amino acids, reporting 

4.62% arginine. 
Argirilne has been isolated from protein hydroly- 

sates by several methods. These methods include 

electrical transport (6, 8); ion-exchange resins, (4); 

precipitation as the flavianate by flavianic acid 

(2,4-dinitro-l-naphthol-?-sulfonic acid) or its sodium 

salt, naphthol yellow S., (12); and precipitation as 

benzylideneargiriine by condensation with benzaldehyde 

(2). 

Electrical transport would be an excellent method 

for the isolation of arginine if dealing only with 

salmine, since lysine and histidine are absent. These 

amino acids, because of their basic nature, also migrate 

to the cathode. It was felt that any method based on 
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the assumption that the hystidine arid lysine were absent, 

would fail in the hands oÎ one not experienced with the 

selection of ripe testes. Furthermore, the electrical 

transport method enteile extremely careful control in 

order to avoid contamination with other amino acids. In 

the presence of hexone bases other than arginine, which 

would be incurred by utilization of unripe testes or 

inclusion of connective tissue in the glands, chemical 

separation of the cathode portion would be necessary to 

Isolate arginine. 

The use of ion exchange resins produces a 

separation of amino acids from hydrolysates similar to 

that of electrical transport. 

In this study, the testes were first extracted 

with dilute hydrochloric acid to remove the protamine 

from the nucleic acid fraction. The acid soluble 

protamine fraction was in turn concentrated, then 

hydrolyzed, and argirilne removed as the benzylidene 

derivative. 

The process, as it was finally worked out, proved 

to be laborious, in that it involved a difficult filtra- 

tion problem as well as a tedious evaporation. Other- 

wise, the steps were straightforward and easy of 

manipulation. It was found that the arginine yields 

vary tremendously with the ripeness of the sperm which 
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confirms the observation of' Weiss (21). 

The nucleic acid fraction was also studied, since 

sperm is one of our best sources of desoxyribonucleic 

acid. Desoxyribonucleic acid is most frequently prepared 

from thymus glands, which procedure has lead to the 

nomenclature of thymus nucleic acid. Levene (15) reports 

the various yields of desoxyribonucleic acid, based on a 

kilogram of the various material, to be 3 g. from thymus 

glands, 4 g. from liver, and 9 g. from spleen. The yields 

of nucleic acid experienced in this study fail to attain 

the yields expected froni Lynch (17). However, they do 

exceed the yields from thymus glands. The methods 

applicable to thymus glands are applicable to testes 

either before removal or after removal of the protein by 

extraction with dilute hydrochloric acid. 

The methods for isolating nucleic acid (ii, 15,16) 

are quite similar in that the glands are dissolved and 

digested in boiling dilute sodium hydroxide. The solution 

is neutralized or made slightly acid with acetic acid 

and the nucleic acids precipitated by the addition of 

alcohol. If the solution is buffered with sodium acetate, 

the sodium salt of nucleic acid precipitates. If hydro- 

chloric acid is added with the alcohol, the free acid 

precipitates.. 



EXPERIMENTAL 

The rate of hydrolysis of salmirie sulfate was de- 

termined by hydrolysis with 5%, 10%, and 20% HC1. One 

gram of salmine sulfate was dissolved in 6 ml. HC1 

solution and boiled under reflux tri ari oil bath. A 

biurette test was made on 2 drops of hydrolysate every 

half hour. The rate of hydrolysis was roughly followed 

by the nitrogen gas evolved from 0.4 ml. aliquote In the 

Van Slyke apparatus. The results of these studies are 

given in Table I. From this data, it was apparent that 

hydrolysis in 20% HC1 should be accomplished in 2 hours, 

assuming that protamine is the only protein present. The 

hydrolysates in all following experiments were tested 

with the biurette reagent. One test was round weakly 

positive and rehydrolyzed. Subsequent experiments were 

hydrolyzed an additional hour. 

About 10 kg. of frozen salmon testes were obtained 

from chinook salmon. These testes were not very ripe 

and were quite firm upon thawing. A sample of loo g. 

was taken, and processed as follows: 

The protein was removed from the sample of testes 

by grinding in a Warring blender with 400 ml. H20 and 

20 ml. of concentrated HC1. Assuming 80% water in the 

samples, this would make the HC1 concentration of the 

total water about 1.5%. 



TABLE I. 

Rate of Hydrolysis of Sairnine Sulfate 
in Hydrochloric Acid. 

Time 5$ HC1 5% HC1 io% HC1 20$ HC1 20% HOi 
in Biurette Ml. Amino Biurette Biurette Ml. Amino 

Hours Test Nitrogen Test Test Nitrogen 

0.5 Positive 1.5 Positive Positive 4.00 
1.0 Positive 2.25 Positive Trace 4.90 

1.5 Positive 2.65 Positive Negative 5.10 
2.0 Positive 2.90 Positive 

2.5 Positive 3.65 Positive 
3.0 Positive 4.15 Trace 

3.5 Positive 3.90 Trace 
4.0 Trace 

4.5 Positive 4.25 Negative 
5.0 

5.5 Positive 5.20 
6.5 Positive 4.90 
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The mixture was allowed to stand, with occasional 

stirring, for 1.5 hours, after which time it was centri- 

fuged, leaving a slightly cloudy light amber liquid and 

a light grey firmly packed mass in the bottom of the 

centrifuge. The fluid is easily decanted, and the residue 

extracted with 100 ml. of 1.5% HOi. This extraction is 

accomplished by mixing in the Warring blender, followed 

by intermittent stirring for one-half hour, and sub- 

sequent centrifugation arid deoantation. The decantates 

were combined and filtered, using a Buchner funnel, to 

remove any large particles, and then evaporated under 

reduced pressure to a paste of about 60 ml. in volume. 

Sixty milliliters of concentrated HOi was added to the 

paste, and hydrolysis was accomplished by boiling under 

reflux for B hours. 

The hydrolysate was evaporated to a thick syrup 

under reduced pressure. The residue was dissolved in 

50 ml. of water, and again concentrated to a thick syrup 

under reduced pressure. This process of solution in 

water and evaporation was repeated twice and the syrup 

dissolved in 75 ml. H20. 

Thj solution was decolorized by the addition 

of 2 g. of decolorizing carbon, followed by the digestion 

of the suspension on a steam bath for 10 minutes. The 

suspension was then filterea, cooled to loo C., and 



neutralized with 40% sodium hydroxide. The temperature 

was kept below 100 C. by immersion in an loe-salt bath 

during the neutralization. The solution was then cooled 

and maintained at 5 C. or less, and an excess of 9 ml. 

of 4O sodium hydroxide added. Twenty-eight milliliters 

of benzaldehyde was then added in small portions with 

agitation so that each portion is emulsified in the 

solution before the next portion is added. The emulsion 

was then placed in a refrigerator for a period of 10 

hours. The emulsion was then filtered and the crystals 

washed with 10 ml. ice water and 10 ml. of a solution of 

2 parts of ether and one prt methanol followed by about 

5O ml. cf ether. The crystals were dried in a vacuum 

dessicator over sulfuric acid. The result of two such 

experiments yielded 1.4 g. benzylidenearginine with 

melting point of 195-197° C., with decomposition. 

The foregoing experiment was conducted after 

hydrolysis as described in Organic Synthesis (3). 

uantities were based orian expected yield of 5 g. which 

is approximately the theory for ripe testes. The 

results indicate than ari unnecessarily large amount of 

benzaldehyde was used. Also, the volume used was too 

large, which would result in solution and loss of an 

unnecessary quantity of benzylidenearginine. The 

experiment was repeated, reducing the final volume to 



25 ml. with corresponding reduction in volume of excess 

sodium hydroxide solution and benzaldehyde. The yield was 

1.1 g., melting with decomposit±on at 194-196° C. The 

difference in yields of the two runs was attributed to 

variation in sample. To avoid this in further experi- 

ments, salmon testes were ground through a meat grinder 

and thoroughly mixed while still frozen. The ground 

testes were then stored in a freezer in 500 g. lots for 

convenIence. 

The question arose as to whether extraction of 

protamine from the testes prior to hydrolysis was 

necessary. An experiment was performed in duplicate. 

One hundred grams of ground testes were hydrolyzed In 

loo ml. concentrated hydrochloric acid for 8 hours under 

reflux, after which the acid was removed under vacuum 

and the procedure followed as in the above experiment. 

The yields from these duplicate runs were 4.1 g. and 

6.5 g. However, the fine white powder produced did not 

melt at a temperature up to 2500 C., but slowly turned 

black. No portion of the product seemed to melt near 

the melting point of benzylidenearginine. It was 

observed, during the preparation of this product, that 

during addition of excess sodium hydroxide, prior to 

condensation with benzaldehyde, a jelly-like precipitate 

was formed wtIch would appear in the final product. The 
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experiment was again repeated in duplicate. However, 

this time the precipitate which formed on the addition 

of excess sodium hydroxide was removed by filtration 

before reaction with benzaldehyde. The results from 

this experiment were disappointing in that one of the 

trials gave no yield and the other only 0.2 g. of material 

unlike benzylidenearginine. It was concluded that direct 

preparation of benzylidenearginine by hydrolysis of the 

whole testes was impractical. 

Attempts were now ¡nade to extract the protamine 

from the testes in a manner which would involve the use 

of less dilute hydrochloric acid, and thereby eliminate 

the evaporation of the excess water. Five hundred grams 

of ground testes were autoelaved at S pounds steam 

pressure for 30 minutes, after which the mass was forced 

through a sieve and dried in a stream of warm air, 

yielding 90.3 g. of dried product. This dried material 

was extracted with 200 ml. of 2% hydrochloric acid, by 

stirring the mass for 20 minutes. A little cellite 

filter aid was added and the mass filtered on Whatman 

#2 filter paper in a Buchner funnel. A rubber dam was 

fitted over the funnel to more efficiently remove the 

protamine solution from the residue. Concentrated HC1 

was added to the filtrate to give a concentration of 

approximately 20, and th solution hydrolyzed for 
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two hours. The HC1 was removed and procedure followed 

as in the previous experiments, making appropriate 

allowance for the larger amount of product to be expected 

from 500 g. of testes. The yield was again a disappoint- 

ing 1.5 g. of material which decomposed slowly without 

melting. 

Another method of extracting the orotamine was 

attempted, in which just enough sulfuric acid was 

added to the testes to combine with the protRmlne. This 

acidified mass was autoclaved, the mass filtered, and the 

filtrate subjected to the procedure as used in previous 

experiments. Thirteen grams of product resulted which 

did not possess the physical constants of benzylidene- 

arginine. A similar experiment was attempted in which 

hydrochloric acid, was used in place of sulfuric acid. 

No product resulted. It was observed that upon addition 

of the excess sodium hydroxide, a slight precipitate 

resulted. This precipitate was examined and found to be 

water-soluble. 

After these experiments, it was decided to repeat 

the first successful process. This was done with 

unsuccessful results since no product was obtained. 

Again, repetition gave no yield. The filtrate from the 

last experiment was returned to the refrigerator and 

the method temporarily abandoned. 
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The method of prec11tating arginine as the 

2,4-dinitro-1--naphthol-?-sulfonate (3) as tried, in 

which 100 g. cf ground testes were hydrolyzed by reflux- 

ing with 100 ml. concentrated hydrochloric acid for 

3 hours. Hydrochloric acid was removed as in previous 

experiments. After decolorizing, the filtrate was 

diluted to about 165 ml. and boiled. To the boiling 

solution 7.4 g. of 2,4-dinitro-1-naphthol-7-sulfonic 

acid dissolved in 27 ml. of water was added. Boiling 

was continued for 10 minutes, and the solution rapidly 

cooled to 450 c., after which it was allowed to come 

to room temperature. After many attempts, including 

vigorous scratching of the glass, alternate cooling and 

heating of small portions, and allowing a few drops to 

evaporate, crystallization was started and the solution 

allowed to stand overnight. Upon filtration, 6.0 g. 

of crystalline, 2,4-dinitro-l-naphthol-7-sulfonate was 

obtained which was converted into 1.4 g. benzylidene- 

arginine. This conversion from the 2,4-dinitro-l- 

naphthol-?-eulfonate to benzylidenearginine was only in 

63% yield. The melting point of the product was 

192-196° C. with decomposition. The experiment was 

repeated 2 times with benzylideneargini.rie yields of 

1.4 g. melting with decomposition at 193-198° C., and 

1.7 g. melting with decomposition at 196_2000 C. The 
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product had an orange color. The above experiment was 

repeated in duplicate, using the protamine extract as 

prepared in the first experiment instead of testes. 

These experiments yielded much less 2,4-dinitro-1-naphtho1 

4-sulfonate. The yield was 3.9 g. and 4.0 g., as com- 

pared to 6.0 g. when whole testes were hydrolyzed. 

However, this product converted to the benzylidene- 

arginine in 78% yield, and gave melting points of 

195-197° C. with decomposition, and 197-198.5° C. with 

decomposition. The yields were 1.1 and 1.2 g. respective- 

ly. The products were of only slight orange color. 

It was noticed in the precipitation of the 

2,4-dinitro-l-naphthol-7-sulfonate from the extracted 

protamine that crystallization started easily during 

cooling of the solution, as compared to the difficulty 

encountered in crystallizing from the hydrolysate of 

the whole testes. It was assumed that impurities, such 

as hydrolytic products of nucleic acid in the testes, 

inhibited crystallization. 

With this in mind, the last filtrate, frorri the 

direct preparation of benzylidenearginine, which had been 

returned to the refrigerator, was refiltered. From this, 

1.4 g. of benzylidenearginine, melting at 193-196° C. was 

recovered. 

The first experiment was again repeated, keeping 
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the volume of the decolorized hydrolysate at a minimum, 

but large enough that no precipitate would form upon 

addition of excess base. After reaction with benzalde- 

hyde, the emulsion was allowed to stand in the refrigera- 

tor for 36 hours. Yields of four such runs of 100 g. 

testes were as follows: 

Number Melting Point With 
of Yield Yield Decomposition 

1 1.6 g. 192 - 195° C. 
2 1.7 g. 193 - 195° C. 
3 1.5 g. 192.5 - 195° C. 

4 1.7 g. 193 - 195° C. 

Bergman (2) reports the melting point of 

benzylidenearginine to be 204-205° C. with decomposition. 

To confirm the variation of arginine content with 

ripeness of sperm, samples of more mature sperm were 

processed. These samples had been autoclaved at 10 

pounds pressure for 30 minutes, and dried in hot air, 

yielding 18.8 g. of dry sperm frora 100 g. of whole sperm. 

Two samples of 18.8 g. were soaked in 81.2 ml. of water 

for 2 hours and processed as before, yielding 3.1 g. and 

3.0 g. of berizylidenearginine with identical melting 

points of 193-196° C. with decomposition. 

As a final check on the method, 4 kg. of testes, 

which had been ground in a meat grinder, wore extracted 

with 9 liters of water and 500 ml. concentrated hydrochloric 



acid. The mass was then stirred intermittently for 

30 minutes. The concentration of hydrogen chloride was 

about 1.5% of the total water content. In this case, 

the testes had not been ground in the Warring blender. 

The slurry was filtered in a perforated basket centri- 

fuge, using a canvas filter cloth. About one-half of 

the slurry was centrifuged before the canvas became 

plugged with material making it necessary to replace the 

canvas, 

This filtering operation was somewhat troublesome, 

and a centrifuge could well be substituted. If a 

continuous centrifuge is used, it should have a large 

cake capacity. The material centrifuges readily. 

The filter cake was extracted with 6 liters of 

water and 200 ml. of concentrated hydrochloric acid by 

stirring for 0.5 hours. The slurry was again filtered 

in a perforated basket, and the filter cake extracted 

with 5 liters water. 

The combined filtrates were evaporated by boiling 

on a hot plate in a four liter beaker. Agitation was 

provided by an air motor, and an air jet was used to 

remove steam. As evaporation proceeded, more filtrate 

was added. At one time, the evaporating solution became 

thick and 300 ml. of concentrated hydrochloric acid was 

added to effect solution. The filtrate was evaporated 
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to about i liter, and 500 ml. of concentrated hydro- 

chioric acid was added. The solution was now hydrolyzed 

for 3 hours by boiling on a sand bath under reflux. 

The hydrolysate was now evaporated under reduced 

pressure to a syrup. To this 400 ml. of water was added, 

and the hydrolysate again evaporated to a syrup. This 

addition of water and evaporation was repeated twice, 

after which the hydrolysate was quite low in hydrochloric 

acid content. One liter of boiling water was added, and 

the solution stirred, for 10 minutes on a steam bath, 

with 50 g. decolorizing carbon. The solution was then 

filtered. 

The filtrate was diluted to 1,600 ml. with water 

and cooled to less than 10° C. While keeping the solution 

below 10° C. by use of an ice-salt bath, 40$ sodium 

hydroxide was added to neutrality. This oDeraton used 

about 120 mi. sodium hydroxide solution. The tempera- 

ture of the hydrolysate was reduced to lese than 50 c 

and 160 ml. of excess 40% sodium hydroxide added. Five 

portions of 100 ml. each of benzaldehyde was now 

emulsified with the solution by vigorous stirring. 

During the addition of excess sodium hydroxide and 

benzaldehyde, the temperature was not allowed to exceed 

50 C. The emulsion is allowed to stand, with occasional 

stirring, for 36 hours at a temperature below 50 C. 
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The emulsion was filtered on a cold Buchner 

funnel and the product washed with 4 portions of 35 ml. 

ice water, followed by 3 portions of a solution of 

20 ml. of methanol and 40 ini. of diethyl ether. The 

product was then washed in ether and dried over sulfuric 

acid in a vacuum dessicator. The yield was 5175 g. of 

benzylidenearginine, having a melting point of l94-l96 C. 

with decomposition. 

Thie benzylideriearginine was converted into 

arginine monohydrochioride by hydrolysis with 45 ml. of 

5 N hydrochloric acid on a water bath for 45 minutes, 

followed by filtration. The filtrate was extracted 

with three 100 ml. portions of ether to remove 

benzaldehyde. The filtrate was concentrated in vacuum 

until crystallization began, after which 300 ml. of 

absolute alcohol was stirred in. The arginine monohydro-. 

chloride separates as a crystalline powder. Additional 

yield was obtained by adding 300 ml. ether to the mother 

liquor. The total yield weighed 28.2 g. The product 

showed a slight precipitate upon solution in water and 

upon melting left an unfused residue. A portion was taken 

up in water and filtered. The filtrate was treated with 

alcohol and ether, precipitating d-argiriine monohydro- 

chloride monohydrate. After drying over phosphoric 

anhydride, the product sinered at 207° C. and melted 
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sharply at 208° C. Gulewitseh (9, io) reports sl.ntering 

at 208° C., with melting at 209° C. The specific rotation 

was found to be positive ll.2°, compared to 11.30° (15). 

The sodium salt of nucleic acid was isolated from 

the testes by the method of Feulgen (7) and by the 

method of Jones (19). The sodium salt of nucleic acid 

was also prepared from the residue after extraction of 

the protamine from testes, as was done in the prepara- 

tion of arginine. The methods of Jones (ii) and Levene 

(is) were used. The method of Levene yields the free 

nucleic acid, which was converted into the sodium salt 

by solution in sodium hydroxide and sodium acetate 

solution, followed by neutralization with acetic acid 

and precipitation with ethanol. The results with 

respect to yield, biurette test, and per cent phosphorus 

are tabulated in Table II. The theoretical phosphorus 

content of free nucleic acid is 8.7%. However, the 

sodium salt is not well defined and the theory would 

be somewhat lower than this. 

It was observed in all cases the sodium nucleate 

precipitated from the dilute alcohol in the form of a 

viscous mass, which is indicative of a relatively pure 

compound (16). 



Method of 
Material Preparation 

Who le 
Testes Feulgen (7) 

Whole 
Testes Jones (ii) 

Pro t am i. n e 
Extracted 
Testes Jones (ii) 

Protamine 
Ex t rae t ed 
Testes Levene (15) 

TABLE II. 

Analysis of Sodium Nucleate 

Solubility in Yield Based on 
Dilute NH4OH 1 kg. of Testes 

Soluble 

Soluble 

Soluble 

Soluble 

39.3 

45.6 

32.6 

30.3 

B 
Test Phosphorus 

Positive 779 

Positive 8.42 

Negative 9.00 

Negative 8.60 

o 
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SUMMARY 

Salmon testes are a good raw material for the 

preparation of arginine. The yield of argirilne varies, 

depending upon the ripeness of the sperm. A yield of 

o.'75 crude arginine monohydrochioride, based on whole 

undessicated testes, was obtained on testes which were 

not ripe. Ripe testes would yield twice as much. The 

arginine monohydrochioride is prepared from 1.5% hydro- 

chloric acid extract of the testes. By concentration 

and hydrolysis of this extract, followed by condensa- 

tion of the arginine with benzaldehyde, benzylidene- 

arginirie is precipitated, from which the arginine mono- 

hydrochloride is prepared by hydrolysis with HC1. 

The hydrolysis of whole testes, without first 

extracting the protamine, does not yield benzylidene- 

arginine upon condensation with benzaldehyde. Precipita- 

tion, as the 2,4-dinitro-1-naphthol-7-sulfonate, is 

necessary to obtain benzylidenearginine. The benzylidene- 

arginine so prepared is impure. 

The preparation of sodium desoxyribonucleate 

from testes gives yields greater than thymus gland. The 

best preparations, with respect to purity, are derived 

from testes after extraction of the protamine. 
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