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The first investigation on the chemical nature of the spermatozoa of mammals  was 
carried out by  MIESCHER 1. He found that  bull spermatozoa do not contain protamine 
or histone, but contain protein of an acid nature which he did not clearly characterize. 
Similar investigations were conducted by  MAT~EWS 2 under the direction of KOSSEL. 
He studied the spermatozoa of the bull and ram and came to the same conclusion as 
did MIESCHER, i.e., that  these cells do not contain protamines nor histones. In 1926 
STEUDAL 8 again turned to the problem of the chemical nature of mammalian spermato- 
zoa. He investigated stallion and human spermatozoa and was unable to demonstrate 
the presence of protamine or histone in either. BOSHIJAN 4 extracted lipid-flee boar 
spermatozoa with o.4% sodium hydroxide and obtained an acidic protein which pre- 
cipitated near pH 4.6-4.7 with 2% acetic acid. ZITTLE AND O'DELL 5 reported some 
success in dissolving a part  of the substance of bull sperm but made no a t tempt  to 
characterize any of ttie soluble material. MAYER AND THOMAS6, 7 found that  although 
water or salt solutions did not extract proteins or nucleic acid from boar  or ram sperm, 
I.O N sodium hydroxide removed a considerable part  of the substance of the sperm. 
Protein fractions and a nucleic acid fraction were precipitated from the alkaline extracts 
with acetic acid. 

MATERIALS AND METHODS 

Isolation o] the sperm heads 
Mammalian sperm can be obtained from epididymides or directly from ejaculated semen. The 

following methods  were used in obtaining the sperm heads. Throughou t  this work homogenizat ion 
was done with the POTTER-ELvEHJEM homogenizer. 

Preparation o[ bull sperm heads. Bull epididymides were obtained from the abat to i r  and kept 
at  about  3 ° to 5 ° C  until  used. To assure the use of uniformly aged sperm, only the caudal (tail) 
por t ion of the epidiymides were used. One to two pounds  of caudal epididymides were cleaned of all 
external  connective tissue and blood vessels and ground in a meat  grinder. The mash  was blended 
with physiological saline in the Waxing blender for five minutes.  The homogenate  was then allowed 
to s tand at  o0-4 ° C for about  six hours, stirring occasionally. The mixture  was strained th rough  
four layers of cheese cloth twice and eight layers of cheese cloth once and finally once th rough  four 
layers of fine muslin. Microscopic examinat ion of the solution showed no visible foreign mat ter ,  
a few intact  sperm bu t  predominant ly  sperm broken into heads and combined tall-midpieces. The 
suspension was  centrifuged for ten minutes  at 4,8oo r.p.m. The supernatant ,  pink in color due to a 
small amoun t  of haemoglobin, was discarded. The residue was mixed with distilled water  and blended 
in the Waxing blender for three minutes  at  half the normal  speed and centrifuged at  2,500 r .p .m.  
for seven minutes.  This process of centrifugation and blending was repeated three times, gradually 

* This investigation was supported (in part)  by  a Research grant  (C-I327) from the National  
Cancer Inst i tute ,  of the National Ins t i tu tes  of Health, Public Health Service. 
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reducing the speed and t ime to 1,2oo r.p.m, and three minutes.  This procedure for differential cen- 
t r i fugat ion yielded a pure prepara t ion of bull sperm heads (Fig. i, a). 

Preparation o] dog sperm heads. Epididymides were excised from dog testicles immediately after 
death of the animals.  The caudal epididymides were separated from the whole epididymides and 
dissected from the extravascular  tissues. Due to the small number  of epididymides used, usually 
ten to fifteen, grinding in the meat  grinder was not  necessary to break up the tissue. The cleaned 
caudal epididymides were blended with o.14 ~,~I sodium chloride in the Waring blender for five 
minutes.  The remainder  of the procedure for the isolation of the dog sperm heads was carried out  
in the same manner  as tha t  outlined for the isolation of bull sperm heads. 

Preparation of human sperm heads. H u m a n  semen was supplied by  heal thy donors. The semen 
was frozen within one hour  after  ejaculation, and within twenty-four  hours after collection the frozen 
semen was warmed to room temperature ,  mixed with o.14 M sodium chloride, strained through 
four layers of cheese cloth twice and centrifuged for ten minutes  at 4,8oo r.p.m. The firmly packed 
sperm ceils were washed twice by  homogenization wi th  o.14 M sodium chloride and centrifuged at 
5ooo r.p.m, for twen ty  minutes.  The heads were isolated by  the same procedure t ha t  was used for 
bull sperm heads. 

Preparation o[ ram sperm heads. Freshly ejaculated r am semen was shaken for one-half hour  
wi th  o.14 M sodium chloride and centrifuged. The sperm were then homogenized with distilled water  
until  the major i ty  of the sperm were broken into heads and combined tail-midpieces. R a m  sperm 
heads were then isolated by  the same differential centrifugation procedure outlined for the isolation 
of bull sperm heads. 

Preparation of boar sperm heads. Freshly ejaculated boar  semen was strained through four 
layers of cheese cloth twice and centrifuged. The sperm were then homogenized with distilled water  
and centrifuged. They were then passed th rough  a WERKMAN 8 tissue grinder twice, which was the 
only mechanical means found tha t  would separate the heads from the tail-midpieces. The suspension 
of broken sperm were centrifuged for 15 minutes  at  4oo r.p.m., the superna tan t  discarded and the 
residue homogenized with distilled water.  The centrifugation was repeated at 4oo r.p.m, for 2o 
minutes,  the residue homogenized again with distilled water  and the homogenate  centrifuged at 
IOO r.p.m, for io minutes.  The final residue consisted almost  entirely of sperm heads. 

Analytical methods 

Nitrogen was determined by a micro-Kjeldahl method ~ and phosphorus  by  the nlethod of 
ALLEN 10. Pentose nucleic acid was determined by  the method of I~,IEJBAUM 11, using yeast  nucleic 
acid for the s tandard (obtained from the Schwartz Laboratories  and repurified). Desoxypentose 
nucleic acid was determined by  the methods  of STUMPF 12 and SEIBERT 13, DNA from fish sperm 
(obtained from Nutr i t ional  Biochemical Laborator ies  and repurified) and DNA prepared from calf 
t h y m u s  were used for the s tandards.  The two s tandards  agreed very closely. Cholesterol was deter- 
mined by  a modified method of PIJOAN AND WALTER 14, arginine by  the method of THOMAS, INGALLS 
AND LUCK 15 and tyrosine by  the method of THOMAS TM. Calcium was determined by  means of a LUNDE- 
GARDH flame spectrophotometer .  

The lipid content  of the lipoprotein was determined by direct weighing as follows: Aliquots 
of the lipoprotein in alkaline solution were transferred quant i ta t ively  into cellulose ni trate  centrifuge 
tubes. The solutions were then acidified with 5 % acetic acid (adding equal volumes to each tube) 
and centrifuged. The precipitate was washed twice with distilled water  and the l ipoprotein of each 
sample was then transferred quant i ta t ively  by  the use of distilled water  into an extract ion thimble 
(each thimble had been previously extracted wi th  boiling alcohol, placed in a designated weighing 
bott le and dried to constant  weight in an oven at 9 °°  C). Some of the samples were then dried to 
cons tant  weight in an oven at  90 ° C. 

Tile other  thimbles were placed in a beaker of boiling alcohol for one hour. At  io minute  intervals 
during the extract ion the thimble was raised and the boiling alcohol was allowed to drain through.  
The residue was then washed with boiling alcohol and the thimble, in the tared weighing bottle, 
dried to constant  weight in an oven at  9 °0 C. The lipid content  was then  calculated by difference. 
(This procedure was used because the lipid itself was hydroscopic and very difficult to weigh.) 

The lipid content  of the lipoprotein was also calculated from the nitrogen content  (of the whole 
l ipoprotein and tha t  of the protein and lipid parts) and from the cholesterol content  (of the whole 
lipoprotein and of the lipid part) .  

The quant i t ies  of the various const i tuents  obtained from sperm heads were determined as 
follows: VChole sperm heads were homogenized with distilled water  and transferred to a 25 ° ml 
volumetric flask. A 5 ° ml aliquot was removed from the flask with a pipet te  and placed in a cellulose 
ni trate  centrifuge tube. The remaining 200 ml of the suspension was t ransferred to three cellulose 
ni trate  centrifuge tubes. The 5 ° ml aliquot was centrifuged and the sperm heads washed into an 
extract ion thimble. The sample was then dried to cons tant  weight in an oven at  65 ° C. (Each ex- 
t ract ion thimble was previously extracted with boiling alcohol, placed in a designated weighing 
bottle and dried to cons tant  weight in an oven at  90 ° C.) 
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The 200 ml a l iquo t  was cent r i fuged and the  sperm homogenized with o.i  N sodium hydrox ide  
and s t i r red  for 3 ° minu te s  a t  room t empera tu re .  The residue was ex t r ac t ed  a second t ime  in the  
same manner .  The combined  e x t r a c t s  were acidified" and the  l ipoprote in  p rec ip i t a t e  col lected near  
p H  5.6. I t  was  washed  twice  wi th  dis t i l led water ,  t r ans fe r red  to  an ex t r ac t ion  t h i mb l e  and dr ied 
to  c o n s t a n t  we igh t  in an  oven a t  76o C. 

The o.I  N sod ium hydrox ide  residue was  homogenized  and s t i r red  wi th  a one-to-one m i x t u r e  
of 2.o N sodium hydrox ide  and 2.o M sod ium chlor ide for 2o minutes .  The s u p e r n a t a n t  fluid was 
ad jus ted  to  p H  i i . o  wi th  acet ic  acid and the  h is tone- l ike  pro te in  col lected and t ransfer red  to  an 
ex t r ac t ion  th imble .  The th imble  was placed in a weighing bo t t l e  and  dr ied to  cons t an t  we igh t  a t  
9o ° C. The residue from the  ex t r ac t i on  wi th  the  a lka l i - sa l t  solut ion was washed  three  t imes  by  s t i r r ing  
wi th  a large vo lume  of dis t i l led water ,  t ransfer red  to  a weighing  bot t le  and  dr ied to  c o n s t a n t  we igh t  
a t  9 °o C. This res idue was nucleic acid. 

E lec t rophores i s  was carr ied  out  w i th  a KLETT appa ra tus .  The buffers used were those suggested 
hy  MILLER AND GOLDER 17, s a t u r a t e d  wi th  ether .  FEVOLD AND LAUSTEN TM have  sugges ted  the  use 
of e ther  to decrease opalescence in l ipopro te in  solutions.  

EXPERIMENTAL AND RESULTS 

Solubility studies 

Whole sperm heads. Toward the end of these investigations it was found that a I M 
solution of sodium chloride would remove a very small amount of nucleic acid and 
protein from bull sperm heads. The various other reagents tried probably removed this 
nucleic acid also but it had gone undetected in the work with those reagents. 

Bull and boar sperm heads were used in the investigations reported below. A o.I N 
sodium hydroxide solution was used after each of the reagents, in order to determine 
what part of the lipoprotein had been removed by the reagent, since it was already 
known that o.i N sodium hydroxide would remove all of that fraction 1~. The Potter- 
Elvehjem homogenizer was used in preparing all homogenates. 

In order to investigate further the possibility that mammalian sperm contain a 
keratin-like protein ~°, 5, bull and boar sperm heads were stirred for long periods with 
thioglycolic acid at about pH 3 and with a 4% solution of trimethylbenzylammonium 
hydroxide. The former extracted no detectable substance and the latter extracted all 
of the lipoprotein but left a large residue. These results are different from those of 
ZITTLE AND O ' D E L L  5. 

"Nacconol", a mixture of sodium alkyl benzenesulphonates, extracted all of the 
lipoprotein from boar sperm heads, but it did not extract any other detectable protein 
or nucleic acid and it left a large residue. It  has previously been found that "Nacconol" 
would dissolve a portion of whole boar sperm 21. 

Boar sperm heads were stirred repeatedly for long periods with cysteine hydro- 
chloride solutions at 36 ° C, and then stirred with a I M sodium chloride solution, to 
determine whether or not a reducing agent would make soluble a "keratin-like" protein. 
Neither the cysteine hydrochloride solutions nor the sodium chloride solution extracted 
any detectable protein. 

A 0.5 N ammonium hydroxide solution extracted all of the lipoprotein from boar 
sperm heads and did not extract any other detectable substance. The lipoprotein 
extracted in this way would only partially redissolve in 0.5 N ammonium hydroxide 
after it has been precipitated with acid. 

Bull sperm heads were homogenized with o. i N hydrochloric acid, and then stirred 
for one hour at 37 ° C. This failed to dissolve any substance precipitable by tile addition 
of four volumes of alcohol or by increasing the pH of the extract to IO with alkali. 

Re/erencl:s p. S 9. 



82 R . D .  DALLA3f, L. E. THOM;\S \'OI.. 11 (1953) 

Treatment in the same way with o. 5 N sulfuric acid and with o.I N nitric acid gave 
similar results. 

A o.I N sodium hydroxide solution removes all of the lipoprotein from the sperm, 
as previously described 22 and it also removes a small quanti ty of nucleic acid and protein, 
which is probably the same as that removed with a I M sodium chloride solution. 

It was found during the latter part of this work that the lipoprotein could be 
extracted from bull sperm heads with a solution containing sodium chloride in I M 
concentration and sodium hydroxide in 0.005 N concentration. The final pH of this 
extraction homogenate was about 12.6. 

After removing the small fraction of nucleic acid and protein with i M sodium 
chloride and then removing the lipoprotein, the residue consists entirely of heads 
somewhat smaller than the intact sperm heads (Fig. I, a and h). They appear to be 
solid structures, rather than empty envelopes. This residue will be referred to as 
Residue I. 

Residue I. Attempts were made to extract proteins or nucleic acids from Residue I 
with thioglycolic acid, cysteine hydrochloride, "Nacconol" and trimethylbenzyl- 
ammonium hydroxide. In order to further test the possibility that a reducing agent 
would solubilize a keratin-like protein, hydrogen sulfide was bubbled through a homo- 
genate of Residue I in o.14 M sodium for six hours. In each case the residue was ex- 
tracted with o.I N sodium hydroxide. None of these procedures removed any detectable 
protein or nucleic acid. 

Residue I yielded a histone-like protein when it was homogenized with a solution 
containing sodium hydroxide and sodium chloride, each in I M concentration, and then 
stirred for 20 minutes. In the absence of the sodium chloride a higher concentration 
of sodium hydroxide was required to dissolve this protein. It  precipitated when the 
supernatant was adjusted to pH I I  with acetic acid or hydrochloric acid and stirred 
vigorously for a few minutes or allowed to stand in a refrigerator at 2 ° C for one hour. 

The residue from this extraction is gelatinous. Microscopic examination shows it 
to be composed entirely of structures similar in shape to intact sperm heads and to 
tile head of Residue I, but smaller than the latter (Fig. I, c). These also appear to be 
solid structures. This residue will be referred to as Residue II. 

Residue I I .  When the extraction with the I N sodium hydroxide - -  I M sodium 
chloride solution is continued too long or when Residue II  is mixed with an equal volume 
of distilled water the small remnants of the heads swell. After one minute standing in 
distilled water they are about as large as the original heads (Fig. I, d) and have a 
"pitted" appearance. Blending in a Waring blender causes a stringing out of the 
substance of the residue (Fig. I, e) and finally, after about five minutes blending, it goes 
into solution. 

Residue I I  can be washed without going into solution if a large volume of distilled 
water is added, reducing the alkalinity. The thrice washed residue was found to be 
desoxyribose nucleic acid. 

Isolation and characterization of the protein and nucleic acid o/sperm 

Nucleic acids and protein soluble in I M sodium chloride. Very small quantities of 
protein and nucleic acid were found to be extractable from the sperm heads with I M 
sodium chloride. During the process of isolation, the sperm heads were washed ex- 
haustively with physiological saline. After extraction of the heads for 18 hours at 2 ° C 
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Fig. i. a. Normal  bull  sperm heads;  b. Residue I;  c. Res idue  I I ;  d. Residue II  dispersed in dis t i l led 
wate r ;  e. Residue l I  a f ter  b lending  1 minu te  wi th  the  \Varing blender,  a, b, c, d, and e, i i2o X. 

A, I3, C, and D are uniform en la rgemen t s  of a, b, c, and  d, respect ively ,  

with I M sodium chloride, a very small precipitate was produced in the extract by 
adjusting the pH to about 6. 3. The precipitated substance gave positive biuret and 
MILLON tests and redissolved in I M sodium chloride. 

After this protein material  has been removed, the solution was diluted with 4 
volumes of alcohol. After 6 hours standing at 2°C a very small quant i ty  of white 
precipitate was collected. This material  gave a maximum absorption at 260o A and was 
found to be DNA and PNA in 1:4 ratio. 

Lipoprotein. This complex was prepared from bull, boar, ram, dog and human 
sperm. For the characterization studies it  was extracted with o.I N sodium hydroxide. 
I t  was precipitated by adding 5 % acetic acid and then redissolved and reprecipitated 
in the same way three times. We found the lipoprotein to be soluble below pH 4 when 
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an excess of acid  was added  very  qu ick ly  to i ts a lkal ine solution, a l though it  could not  

be dissolved d i rec t ly  in d i lu te  acids. 
Elec t rophores is  of the  l ipopro te in  of bul l  or human  sperm showed only one com- 

ponent  if the  nucleic acid  soluble at  p H  7 was removed  before the  ex t rac t ion  of the 
l ipoprote in .  L ip id  was demons t r a t ed  to be present  in the  l ipopro te in  p rec ip i t a t ed  from 
solut ion af ter  an e lec t rophore t ic  run had  shown only one component  to be present .  

The resul ts  of chemical  analys is  of the  l ipoprote in  are showntin Tahle I. L ipopro te in  
tha t  had  been r ep rec ip i t a t ed  and redissolved eight  t imes  d id  not  differ in l ipid content  
s ignif icant ly from tha t  which had  been reprec ip i t a ted  and  redissolved three  t imes,  
Table  I I  shows the amoun t  of l ip id  removed  from the complex  b y  ex t rac t ion  with  
boi l ing alcohol, wi th  alcohol a t  a p p r o x i m a t e l y  25 ° C, and  with ether.  Chloroform and 
methy l  alcohol each removed  a smal l  pa r t  of the  l ipid at  room tempera ture .  

TABLE I 

CHEMICAL ANALYSIS  OF THE L I P O P R O T E I N ,  H I S T O N E - L I K E  P R O T E I N  

AND NUCLEIC  ACID OF SPERM H E A D S *  

Lipoprotein Total lipid of Total protein of Histone-like 
the lipoprotein the lipoprotein protein Nucleic acid 

Ram Bull Dog Bull Bull Bull Ram Bull 

Nitrogen '% t r.5 I. 13 
Phosphorus % 0.25 
Cholesterol % 1.84 6.00 
Calcium % 0.45 
Arginine % 
Tyrosine % 

Total Lipi d 
Direct weighing 25.5 3 I. 
CalcUlated from 
nitrogen content 28.o 
Calculated from 
cholesterol content 3 J .o 

23.3 

I5.I 20. 4 I7.1 I4.3 
8.5 

6 . 3 5  27.8  26 .7  
7 . 2 2  

DNA % ioo.O 

* All determinations except those on ram sperm were done on two or more samples. Those 
on ram sperm were done on one sample. 

T A B L E  11 

THE AMOUNT OF LIPID E X T R A C T E D  FROM THE LIPOPROTE1N BY ALCOHOL AND E T H E R  

Lipoprotein froln 
bull sperm heads 

Extracted by Extracted by alcohol Extracted by 
boiling alcohol at ca. 25 ° C ether 

% % % 

31.1 30.4 7,4 

In  p re l imina ry  exper iments  in tac t  sperm heads were agg lu t ina ted  by  rabb i t  immune  
serum specific for the  sperm l ipoprotein .  

Histone-l ike protein. This  pro te in  was ex t r ac t ed  as descr ibed above from Residue I 
of the  sperm of bull ,  boar ,  ram,  dog and human.  I t  is i m p o r t a n t  t ha t  the  ex t rac t ion  

t~e]erences p. 89. 



VOL. l l  (r953) cm~mc.\L S'rUDII~S OX 5t.\M~XLI\X S~'~.:J~5~ S 5 

not be continued longer than 2o minutes to avoid bringing some of the nucleic acid 
into solution. The solution is very viscous and it was necessary to centrifuge it at 12,ooo 
r.p.m, for 3o minutes in order to obtain a residue-free supernatant. 

The histone-like protein precipitated from the sodium chloride-sodium hydroxide 
solution by dilution with four volumes of water; acidification to pH ix, followed by 
vigorous stirring or standing in the refrigerator for one hour; or by dialysis against 
distilled water overnight at 4 ° C. (No protein dialysed through the membrane.) 

Fig. 2. Paper  ch romatogram of an acid hydrolysate of the histone-like protein from ram sperm heads. 

I. Aspart ic acid 
2. Cystine (cystic acid) 
3. GIutamic acid 
4. Lysine 
5. Glycine 
6. Serine 
7. Arginine 
s. Threonine and Alanine 

9. Hydroxyprol ine  
IO. Valine 
i i. Methionine sulfone 
12. Tyrosine 
13. Leucine and Isoleucine 
14. Phenylalanine 
15. Proline 
16. Histidine 

Once this histone-like protein has precipitated from solution, it will not redissolve 
in a I N sodium hydroxide solution. Therefore it cannot at present be purified by re- 
precipitation. The precipitated protein has been found not to contain nucleic acid, 
however. In Table I are shown the results of some chemical analyses of this protein 
fraction. A chromatogram of an acid hydrolysate of the histone-like protein of ram 
sperm is shown in Fig. 2. 

Nucleic acid. Residue I I  was washed three times by stirring with a large volume 
of distilled water. It was then dissolved in o.oor N sodium hydroxide and precipitated 
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at about pH 2 by  the addition of dilute hydrochloric acid. I t  was redissolved and re- 
precipitated in the same way three times. 

The nucleic acid prepared in this way did not give the biuret, Millons or xanthro- 
proteic tests. I ts  ultraviolet light absorption curve is typical of nucleic acid. The absence 
of protein was further indicated by the results of shaking a o.ooi N sodium hydroxide 
solution of the nucleic acid with a chloroform-octyl alcohol mixture according to the 
method of SEVAG. No protein was collected at the water-chloroform interface. The 
nucleic acid in this fraction was found to be entirely desoxyribose nucleic acid. The 
results of some chemical analyses are presented in Table I. 

When the nucleic acid solution was dialysed against distilled water for 48 hours 
no purine nor pyrimidine bases passed through the membrane.  

Quantitative composition o/mammalian sperm. The amount of lipoprotein, histone- 
like protein and nucleic acid found in bull and dog sperm heads is shown in Table I t I .  
The total lipid of the bull sperm heads was found to be 6.5%. 

TABLE III  
T H E  A M O U N T  O F  L I R O P R O T E I N ,  H I S T O N E - L I K E  P R O T E I N  A N D  N U C L I ~ I C  A C I D  I N  S P E R M  H E A D S  

Nucleic acid 
Lipoprotei~ Histone-like (other than that 

protein soluble at pH  7) 
% % % 

Total 

% 

Bull sperm heads r9.6 28.7 48.0 96.3 

Dog sperm heads 17.o 25.0 55.3 97.3 

DISCUSSION AND CONCLUSIONS 

The following characteristics of the substance extracted from the sperm heads by 
o.I  N sodium hydroxide or weaker alkali leave no doubt that  it is a lipoprotein complex 
and no1 a simple mixture of lipid and protein: The lipid content of the substance is 
constant regardless of the number of times that  it is reprecipitated. Lipid can be demon- 
strated to be present in the precipitate recovered from a solution after an electrophoretic 
analysis of that  solution has shown only one component to be present. WANG et al 23 
have isolated a similar lipoprotein from cellular nuclei. 

The solubility of the lipoprotein of sperm seems to depend on the alkalinity and 
ionic strength of the reagent and not on any other property of the reagent. The lipo- 
protein with which we are dealing must be classed with those which are present in the 
structural elements of various kinds of ceils rather  than with the more soluble lipo- 
proteins, such as those found in blood, liens eggs, etc. The microscopic appearance of 
the sperm heads after removal of the lipoprotein (Residue) indicates that  this substance 
forms a membrane or membrane-like structure around the head. 

The presence of lipoprotein as a covering of the sperm head is not unexpected in 
view of the results of birefringence studies 24,25, which indicate that  cell membranes are 
composed of lipids and proteins and the finding that  the mammalian erythrocyte 
membrane contains lipoprotein 26. 

The total lipid of the bull sperm head (6.5 %) can be accounted for, within ex- 
perimental error, by  the lipid content (31.1%) of the lipoprotein. The latter comprises 
19.6 °/ of the whole sperm head. 
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Although the immunological tests reported here were preliminary, the finding that  
antiserum specific for the lipoprotein will agglutinate intact sperm heads seemsto  offer 
some additional support for the belief that  the former is on the surface of the head. 

The method of extraction and precipitation of the histone-like protein described 
above apparent ly denatures it so that  it does not redissolve in the same reagent. I t  is, 
however, free of nucleic acid. We feel that  the values obtained for the nitrogen and 
arginine content of this protein are therefore sufficiently accurate to place it in the 
general category of basic proteins along with histones and protamines. I t  does not seem 
necessary at present, however, to alter the classification of basic proteins by designating 
those found in mammalian sperm as a third group. We prefer to call these "histone-like 
proteins" until more information is obtained about them and about those found in the 
sperm of birds and other animals. The basic protein isolated by the MIRSKY group "7 
from rooster sperm, designated "galin" by those authors, may eventually be placed in 
a group other than the protamines because of the large number of amino acids of which 
it is composed. 

A useful system of nomenclature will obtain if the basic proteins found in the sperm 
of any animal species are named according to the method already used for the protamines 
of fish sperm and for "galin" of rooster sperm, i.e., by using the genus name. The basic 
proteins of sperm will then be named by  the same system whether they are protamines, 
histones, or others which have no group name at present, the only criterion for such 
naming to be the possession of characteristics which identify a protein of sperm as a 
basic protein. The names "bovin",  "ovin", "canin", "hominin" and "suin" are therefore 
proposed for the histone-like proteins of the sperm of the bull, ram, dog, man and boar, 
respectively. 

The microscopic appearance of Residue I and Residue I I  would seem to indicate 
that  the histone-like protein forms a layer inside the layer of lipoprotein and outside 
the "core" of DNA. There may  be another explanation for the appearance of these 
residues, however. (It  should be pointed out that  other sperm studied, such as fish 
sperm, have contained nucleic acid and basic protein which are easily soluble and there- 
fore any such structure, i.e., a morphological separation of nucleic acid and basic protein, 
would not be easily detected.) The failure of the DNA to dissolve until after the histone- 
like protein is removed may  be due simply to a difference in the properties of the two 
components. 
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SUMMARY 

i. Methods are described for the preparation of the heads of the sperm of five mammalian 
species, free from the tails and midpieces. 
l~e/erences p. 89. 
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2. I.o 31 sod ium chloride r emoves  a ve ry  smal l  a m o u n t  of pro te in  and  nucleic acid (DNA a n d  
PNA) f rom bull  spe rm heads .  

3. A l ipoprote in  can  be ex t r ac t ed  f rom t he  spe rm heads  of each of the  five species by  m e a n s  
of o . i  N sod ium hydrox ide  or a i M solut ion of sod ium chloride a t  p H  12.6. More weakly  alkaline 
r eagen t s  dissolve t he  l ipoprote in  less readily.  

4. A his tone- l ike  p ro te in  can  be ex t r ac t ed  f rom the  sperm heads  with very  s t rong ly  alkaline 
solut ions.  H igh  sa l t  concen t r a t ions  aids in th i s  ex t rac t ion .  

5. After  the  his tone- l ike  pro te in  is r emoved  f rom t he  heads ,  the  nucleic acid dissolves in more  
weak ly  alkaline solut ions.  

6. The  th ree  ma jo r  c o m p o n e n t s  were charac ter ized  by  chemical  ana lys i s  and  u l t rav io le t  l igh t  
abso rp t ion  s tudies .  The  l ipoprotein  was  also s tud ied  by  e lect rophores is  and  the  his tone- l ike  p ro te in  
by  pape r  c h r o m a t o g r a p h y .  

7. The  re la t ion of t he  chemica l  compos i t ion  of the  spe rm heads  to thei r  morpho logy  is discussed.  
8. The  n a m e s  " b o v i n " ,  " o v i n " ,  "canin", " h o m i n i n "  and  " s u i n "  are sugges ted  for the  h i s tone-  

like pro te ins  f rom the  spe rm of the  bull, r am,  dog, m a n  and  boar,  respect ively.  

R~SUMt: :  

I. Des mdthodes  son t  donn6es  pou r  la p rdpara t ion  de t6tes  de spe rmatozo ides  sans  queues  ni 
par t ies  centrales ,  de c inq  esp6ces de mammif6 res .  

2. Le chlorure  de sod i um de concen t ra t ion  I.O M ne d i ssou t  q u ' u n e  tr6s pe t i t e  par t ie  des 
prot6ines  et  des acides nucl6ique (ADN et  APN)  des t6tes  de spe rmatozo ides  de t au reau .  

3. On  p e u t  ext ra i re  une  l ipoprot6ine des t~tes de spe rmatozo ides  de t a u r e a u  au  m o y e n  d ' u n e  
solut ion o. i  N de soude caus t ique ,  ou bien d ' u n e  solut ion i .o  M de chlorure  de sod ium ~ p H  i2.6. 
L ' ex t r ae t i on  de l ipoprot6ine dev ien t  p lus  difficile si ]a solut ion es t  moins  basique.  

4- Une  prot6ine  a y a n t  eer ta ines  des propr i6tes  d ' u n e  h i s tone  p e u t  6tre ex t ra i t e  de t6 tes  de 
spe rmatozo ides  au  m o y e n  d ' u n e  solut ion f o r t e m e n t  bas ique .  Une  forte concen t r a t ion  de sel facilite 
cet te  ex t rac t ion .  

5. Apr6s  l ' ex t r ac t ion  de la prot6ine  a y a n t  des propri6t6s d 'h i s tone ,  l ' ex t rac t ion  de l 'acide 
nucl6ique peu t  se faire pa r  des solut ions  moins  bas iques .  

6. Les  t rois  subs t ances  pr incipales  on t  6t6 caract6r is6es  pa r  ana lyse  ch imique ,  ainsi  que  pa r  
leur absorp t ion  op t ique  dans  l 'u l t rav io le t .  L a  l ipoprot6ine a aussi  6t6 6tudi6e pa r  61ectrophorbse, et 
Ia prot6ine ~ propri6t6s  d 'h i s tone  pa r  c h r o m a t o g r a p h i c  sur  papier .  

7. Les  r appo r t s  e x i s t a n t  en t re  la compos i t ion  ch imique  des t6tes  de spe rmatozo ides  et  leurs 
morphologie  son t  consid6r6s. 

8. Nous  p roposons  l 'usage  des n o m s  (en anglais) de " b o v i n " ,  "ov in" ,  " c a n i n " ,  " h o m i n i n "  e t  
" s u i n "  pour  la protdine  ~, propri6t6s d ' h i s tone  p r o v e n a n t  r e s p e c t i v e m e n t  des spe rmatozo ides  de 
t au reau ,  de b61ier, de chien, d ' h o m m e  et  de ver ra t .  

Z U S A M M E N F A S S I ' N G  

I. M e t h o d e n  zur  Her s t e l lung  yon  Spe rmienk6pfen  von fiinf Si tuget ierar ten  frei yon  Schwiinzen 
u n d  Mit te ls t f icken werden  beschr ieben.  

2. Eine  i ,o M N a t r i u m c h l o r i d - L 6 s u n g  en tz i eh t  eine sehr  geringe Menge Pro te in  und  Nuclein-  
s~ure (DNS u n d  PNS) yon  den  Spe rmienk6pfen  des Stiers. 

3. E in  L ipopro te in  k a n n  den  Spe rmienk6pfen  jeder  der ftinf Ar t en  mi t te l s  o. i  N Na t r iu ln -  
h y d r o x y d  oder einer  i . o M  Na t r i umch lo r id -LOsung  bei p H  12.6 en tzogen  werden.  Schwiichere 
alkal ische R e a g e n t i e n  16sen die L ipopro te ine  n i ch t  so leieht  auf.  

4. E in  h is toni ihnl iches  P ro te in  k a n n  den  Spe rmienk6pfen  mi t  sehr  s t a rken  a lka l i schen  L 6 s u n g e n  
en tzogen  werden.  Hohe  Sa lzkonzen t ra t ionen  er le ichtern  diese Ex t r ak t i on .  

5. N a c h d e m  das  h i s ton~hnl iche  Pro te in  aus  den  K6pfen  en t f e rn t  ist, 16st sich die Nucleins~iure 
in schwgcheren  a lka l i schen  L6sungen .  

6. Die drei H a u p t b e s t a n d t e i l e  w u r d e n  du rch  chemische  Ana lyse  u n d  A b s o r p t i o n s t u d i e n  im 
u l t r av io l e t t en  L i c h t  gekennze iehne t .  Das  L ipopro te in  wurde  a u s s e r d e m  e lek t rophore t i sch  u n d  da,, 
h is toni ihnl iche  Pro te in  c h r o m a t o g r a p h i s c h  s tud ie r t .  

7. Die Bez i ehung  der  chemi schen  Z u s a m m e n s e t z u n g  der Spe rmienk6pfe  zu ihrer  Morphologie 
wird besprochen.  

8. Die N a m e n  " b o v i n " ,  " o v i n " ,  " c a n i n " ,  " h o m i n i n "  und  " s u s i n "  werden  (ira Engl ischen)  ftir 
die h i s tonghn l i chen  Pro te ine  der  Spermien  des  Stiers, ~Vidders, Hundes ,  Mannes  beziehungsweisc  
des Ebers  vorgeschlagen,  

Re#fences p. 8 9. 
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