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As a part of a series of investigations on streptococcal diseases now 
being carried on in this Department the writers have been attempting 
to separate and study immunologically active constituents of the 
scarlatina1 type of Streptococcus hemolyticus. The work of Hitch- 
cock (1) and the studies of Lancefield (2) have shown that as far as 
the microbial cell itself is concerned, the protein constituents are the 
dominating factors, and a study is accordingly being made of these. 

The classical method for the isolation of the protein of the bacterial 
cell involved the use of sodium hydroxide in excess and made little 
attempt at fractionafion (3). I t  has, however, long been recognized 
that  alkaline solutions can induce profound modifications in native 
protein, and this is particularly true in the case of the nucleoproteins 
(4), the group to which the more easily isolated bacterial proteins are 
believed to belong. Thus Levene (5) extracted dried ground tubercle 
bacilli with 8 per cent ammonium chloride and found three nucleo- 
proteins in the solution, while Eisler and Silberstein (6) used neutral 
saline extracts in studying typhoid nucleoproteins as precipifinogens. 
Also to avoid in part the effect of alkali Johnson (7) proposed to ex- 
tract the ground, defatted cells first with water, reserving alkaline 
extractions of the residue for subsequent fractions. This method has 
been used in the Yale laboratory for the extraction of proteins from 
members of the tubercle bacillus group, and has been applied to Type 
I I i  pneumococcus by Stull (8). 

In the living microorganism the cell proteins, if not in actual solu- 
tion, are at least largely present in the form of their salts with bases, 

* The work reported in this communication was made possible by the Harkness 
Research Fund of the Presbyterian Hospital. 
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and this applies particularly to the acidic nucleoprotein group. Na- 
tive and undenatured cell protein salts should therefore be largely 
water-soluble, hence the first extraction in the Johnson method might 
easily remove a mixture which would be difficult to separate. 

The method used in the present study was intended to avoid this 
possibility and at the same time to test the idea that  different cell 
proteins might vary in their acidic strength. I t  was felt that  an 
effective method of separating such proteins would be to bring them 
all past their isoelectric points to a degree of acidity which would set 
them free from the base with which they were combined in the living 
protoplasm, and then to extract the acidified cellular material succes- 
sively with buffer solutions of increasing basicity. Thus the strongest 
protein acid would dissolve in a buffer solution of comparatively low 
basicity, while a weakly acidic protein would require a more strongly 
alkaline buffer for its solution. 

That  the method may be of some utility is indicated by the separa- 
tion from a scarlatinal strain of Streptococcus hemolyticus of a labile, 
alkali-sensitive, strongly acid nucleoprotein, differing distinctly in its 
physical and chemical properties, in its specificity, and in its reactivity 
toward human sera from the fractions obtained by subsequent ex- 
traction of the cell residue with more alkaline solutions. 

The data given below are to some extent preliminary, but are 
reported in the hope that  the method used might also be of value in 
the investigation of the proteins of microorganisms other than those 
being studied in this laboratory. 1 

EXPERIMENTAL 

1. Extraction and Isolation of the Acetic Acid Precipitable Protein Fractions.- 
Strain CaO3, a scarlatinal Streptococcus hemolyticus, obtained through the courtesy 
of Mrs. Lancefield, of the Hospital of The Rockefeller Institute for Medical Re- 
search, was used since it was reported to contain the type-specific factor. The 
culture was kept virulent by frequent passages through mice. 50 to 60 I. of a 3 
day old culture in proteose-peptone broth were run through a jacketed, steam 
driven, sterilizable Sharpies supercentrifuge designed by Dr. Franklin A. Stevens 
of this Department to prevent escape of spray. The microorganisms were scraped 
from the bowl, resuspended in about 400 co. of saline, and centrifuged. From 
this point on, all operations were conducted in the cold with chilled reagents unless 

a Studies on streptococci and the tubercle bacillus group are now in progress. 
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otherwise specified, the centrifugations, as well, being run in a refrigerating cen- 
trifuge (International Equipment Co.) provided with external cooling coils only. 
The washed cells were suspended in about 400 cc. of acetone, stirred frequently 
during 2 hours, centrifuged; taken up again in the same quantity of acetone, and 
allowed to stand overnight. After centrifugation the cells were taken up in 400 
cc. of ether which had been freed from alcohol, peroxides, and aldehydes by wash- 
ing with water, drying with calcium chloride, and storing in the dark over calcium 
chloride and sodium hydroxide pellets. After frequent stirring during several 
hours the mixture was centrifuged and the process repeated with a new lot of 
purified ether. A third lot was finally added and the mixture was allowed to 
stand overnight, after which i t  was centrifuged and the organisms were dried in 

vacuo. The yield was about 10 gin. under favorable conditions, about 10 per cent 
consisting of ash. The acetone-ether extracts were concentrated to dryness in  

vacuo and designated fraction A. The defatted cells were transferred to a ball  
mill at  room temperature and rotated until intact ceils could no longer be observed 
in a smear. The ground material was then rotated in the ball mill with a little 
0.2 normal acetate buffer at  pH 4 for 10 minutes and rinsed into 5 1. of the same 
buffer solution and stirred mechanically (all operations in the cold) for 5 to 6 
hours, after which the mixture was run through a Sharpies supercentrifuge. The 
effluent, clear after two passages through the machine, contained only 0.125 gin. 
of nitrogen in the one case in which this was determined, and reacted strongly for 
specific polysaccharide. I t  was designated fraction C, and the isolation of the 
polysaccharide from it will be described later. 

The residue in the centrifuge bowl was ground in a mortar with (chilled) M/IS 
phosphate buffer at  pH 6.5, added to 4 1. of the same solution, and stirred mechani- 
cally for 6 hours. The mixture was run through the supercentrifuge until clear, 
chilling as much as possible, and acidified with glacial acetic acid until the resulting 
precipitate began to flock (fraction D). The residue in the centrifuge bowl was 
ground in a mortar with water and extracted as before with 3 1. of water, adding 
enough normal ammonium hydroxide from time to time to maintain the pH at 
about 8.4, or just pink to phenolphthalein. The mixture was again cleared as well 
as possible and the effluent cautiously acidified with 50 per cent acetic acid until 
the precipitate began to flock (fraction E). The slimy residue in the bowl was 
then treated as before, carrying out the extraction at a pH at which phenolphthalein 
turned bright red (about 9). The precipitate yielded by the effluent on addifica- 
tion with normal acetic acid was designated fraction F. The insoluble residue was 
then given a final extraction either at  room temperature at  pH 9 to 10, or in the 
cold at  about pH 11 (blue to thymolphthalein), and the acetic acid precipitable 
material designated G. The generally small amount of insoluble cell residue 
(fraction N) was set aside for future investigation. 

Fraction D was centrifuged off, leaving a clear supernatant at pH 3.8 to 3.9 
(bromophenol blue). The Hastings-Sendroy bicolor standard method (9) was 
used in determining pH in most cases. The precipitate was homogenized in 
about 200 cc. of water (chiUed) and redissolved with the aid of chilled normal 



518 PROTEIN FRACTIONS OF S. HE~fOLYTICUS 

sodium bicarbonate solution which had been neutralized to pH 6.8 by cooling and 
cautiously adding glacial acetic acid. Care was taken to leave the protein solu- 
tion faintly acid to litmus at  the end. After centrifuging, the small amount of 
insoluble material was discarded, and the protein solution was diluted to double 
the volume and reprecipitated with 50 per cent acetic acid. Centrifugation, 
solution, and reprecipitation were repeated four times, but before the final 
precipitation the solution was filtered through a 5 inch Berkefeld V candle which 
had previously been washed through with water containing a little sodium 
bicarbonate and finally with water. When necessary to produce a clear solu- 
tion it was again filtered through a Berkefeld N candle. After flocculation of 
the protein in the above precipitations the supernatants were found to be in 
the range pH 3.8 to 4.0. The final supernatants and the final precipitate were 
free from inorganic phosphate. Fraction D was finally washed twice in the 
centrifuge bottle with water containing a little acetic acid, then twice with 
redistilled acetone, and was filtered off and dried in vacuo over calcium chloride, 
paraffin, and sodium hydroxide pellets. The yield in favorable cases was 1.4 to 
1.5 gm. For analysis a portion was dried to constant weight in a high vacuum 
at room temperature over phosphorus pentoxide and sodium hydroxide. 

Fractions E, F, and G were purified in the same way, using normal ammonium 
hydroxide for solution in the case of E, and sodium hydroxide in the case of F and G, 
and never allowing the solution to become more alkaline than about pH 8.5. As 
before, all operations were conducted in the cold. Supernatants from which E 
had flocked were usually at  pH 4.0 to 4.1, those from F at  pH 4.3 to 4.5 and those 
from G at 4.3 to 4.6. The yields of these fractions varied from 0.05 to 0.4 gin. 
each. 

Each time E, F, and G were redissolved and the solutions centrifuged, particu- 
larly when the volume did not exceed 200 to 250 ce., brown, slimy material was 
deposited. This was collected and saved, and combined with the generally larger 
amount which collected on the Berkefeld V filter and often made filtration very 
slow. These slimy residues were ground in a mortar with water up to about 500 
cc., made alkaline to about pH 9 (phenolphthalein), stirred thoroughly, and cen- 
trifuged for several days in the cold. The residue was treated again as before, 
until the maximum amount could be dissolved. The supernatants were acidified 
with acetic acid (to pH 4.6 to 4.8) and the precipitates combined and centrifuged 
off. Treated as before, very little alkali-insoluble material was deposited, and 
after a third reprecipitation the solution obtained on redissolving at  pH 9 deposited 
almost nothing on centrifugation and could be run through a Berkefeld filter. 
The fraction which separated on acidification of the filtrate was designated L. 

The supernatants from the original precipitations of C, E, F, and G, and the 
supernatants from the first two reprecipitations were concentrated to small bulk 
in vacua, combined, dialyzed in collodion bags, and again concentrated in vacuo, 
made definitely acid with acetic acid, and centrifuged. The supernatant, frac- 
tion J, furnished additional specific carbohydrate, while the precipitate, fraction 
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TABLE I 

Properties of Acetic Acid Precipitable Protein Fractions of Streptococcus scarlatinae 

Fraction 

7 D  
F 
G 
L 

D1 
D2 

8 D  
E 
F 
G 
H 

D1 
D2 

9 D  
E 
F 

D1 
Dz 

15 D 
E 
F 
G 

D1 
D2 

15 D ~  
D3b 

7 Dsa 

Dab 

[~]D 

pH of solution 
used for [ a]D 
determination 

6.2 
7.4 
8.1 
8 . 4  

7.6 
6.5 

6.5 
7.7 
9.0 
8.1 
7.0 

8.2 

7.9 
6.8 

8.0 
7.7 

7.0 
8.3 
8.2 
7.2 

+ 9 . 5  ° 
- -44  ° 
--49 ° 
--46 ° 

-- 54 ° 
--46 ° 

+ 1 2  ° 
0 o 

--25 ° 
--55 ° 
+ 2 2  ° 

- -  15 o 

--50 ° 

+11  ° 
0 o 

--42 ° 

- -64  ° 
--34 o 

0 o 

--36 ° 
~ 4 4  o 

--41 ° 

--47 ° 
--28 ° 

+61  ° 
+ 1 9  ° 

+ 1 6  ° 
+ 1 1  ° 

7.8 
7.4 

~ f  Ce%g 

15.4 
14.9 
14.7 
14.4 

15.8 
15.1 

15.2 
14.8 
14.2 
14.1 
15.8 

15.5 
15.0 

16.0 
14.5 
14.0 

15.4 
14.8 

14.6 
15.4 
14.3 
14.0 

15.0 
16.3 

15.9 
12.1 

~r c~t  

3.8 
1.4 
1.0 
1.4 

1.2 
2.6 

4.2 
4.0 
2.1 
0 .8  
5.2 

3.2 
1.5(?) 

3.8  
2.8 
1.1 

1.6 
2.6 

3.1 
1.9 
1.1 
1.1 

1.6 
3.3 

8.9 
9.6 

Basic ash 

0.9 
0.3 
0 .4  
0.3 

0.1 

0.7 
1.5 
0 .4  

1.0 

0.5 

1.1 

7.1 
7.4 

16.8 
15.4 

7.5 
8.5 

1.3 

0 .4  

0.3 
0.5 
0 .6  
1.2 

0 .0  
0.6 

0.9 

N:P ratio 

1.78 

2.24" 
1.81 
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H, was purified and isolated in the same manner as E, omitting filtration through 
a Berkefeld filter and reprecipitating only once. 

Analytical data on the protein fractions are given in Table I. Nitrogen was 
determined by a slightly modified Pregl micro-Kjeldahl method, phosphorus by 
the Pregl-Lieb method, and basic ash by decomposing the sample on the water 
bath with a little nitric acid and igniting at  a dull red with nitric and sulfuric 
acids. The ash was calculated as calcium, and [a]D, N, and P in the table were 
calculated on the ash-free basis, except in the few cases in which no ash deter- 
mination could be made. 

2. Action of Dilute Alkali on Fraction D.--0.5 gin. of 8 D was dissolved in about 
35 cc. of water with the aid of 0.1 normal sodium hydroxide, added drop by drop 
until the solution remained just pink to phenolphthalein. 6.3 cc. were required. 
The volume was made up to 50 cc., and 150 cc. of water and 14.3 cc. of 0.1 normal 
sodium hydroxide were added. After 2 hours 66 cc. of water were added, so that, 
except for the first 2 hours, in which the concentration of alkali in excess was 
about N/150, the final concentration of alkali was 0.005 normal. The solution 
was allowed to stand at  23-26 ° for 24 hours and was then acidified with acetic 
acid until the precipitate flocked readily (pH 4.0). After standing overnight in 
the cold the mixture was centrifuged and the precipitate washed as in preceding 
examples with water containing a little acetic acid and with redistilled acetone. 
The amount recovered (D 1) was 0.35 gm. Nitrogen and phosphorus determina- 
tions on aliquot parts of the supernatant showed that 15 per cent of the nitrogen 
and 27 per cent of the phosphorus had been split off. A control portion of 7 D 
solution which had been diluted to the same relative volume without addition of 
excess alkali and reprecipitated, showed only 2 per cent of the nitrogen in the 
supernatant. 

The actual amounts of nitrogen and phosphorus in the main supernatant were 
11.06, and 5.55 mg., respectively, or approximately in the proportion to be ex- 
pected if nucleic acid had been split off. The solution was concentrated to small 
volume yielding a small amount of precipitate on acidification with hydrochloric 
acid. [a]D of the precipitate was approximately + 90 °. 

Since the degradation of fraction D in N/150 to N/200 alkali had caused only a 
reversal in the direction of optical rotation of the protein and a reduction of 1 per 
cent in the phosphorus content (see Table I), 0.056 gm. of D1 was further degraded 
by dissolving as before in a few cubic centimeters of water and letting stand 24 
hours with 0.02 normal sodium hydroxide up to 25 cc. On acidification with 
acetic acid 0.03 gin. (D2) was recovered. The product now corresponded in its 
analytical data and optical rotation to the F and G fractions, except that the 
nitrogen content was higher. The value for phosphorus is based on a single de- 
termination and is probably too high, since duplicate analyses of the supernatant 
showed 73 per cent of the phosphorus (and 44 per cent of the nitrogen) to have 
been split off,--again in the ratio approximating that in nucleic acid. 

A similar degradation of a mixture of 8 D and 9 D in 0.04 normal sodium hy- 
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droxide at 25-30°C. resulted in a recovery at pH 4.3 of one-half of the protein as 
9 D1 with a somewhat greater negative rotation than 8 D2, but otherwise showing 
similar analytical data. A small fraction, 9 Dz, containing more phosphorus, and 
evidently hydrolyzed to a smaller extent, was recovered on acidifying the super- 
natant from 9 D1 with glacial acetic acid. 

Attempts to determine whether or not nucleic acid was split from the protein 
were made as follows: 1.32 gin. of 15 D were dissolved as in the preceding cases, 
made up to 100 cc. with water and 20 cc. of 0.1 normal sodium hydroxide, and 
allowed to stand at 25 ° for 24 hours. The solution was alkaline to thymolphthalein 
and alizarine yellow R, but not to orange G or acid fuchsia, so that the pH was 
between 12 and 14. On acidification to pH 4.6, 0.77 gin. of D1 fraction was re- 
covered, and on adding acetic acid until the pH was below 3.6, 0.11 gm. of D~ was 
obtained, Dt and D~ having the same significance as in the case of 9 D (seealso 
Table I). The supernatant was concentrated to dryness in vacuo, taken up in a 
little water, freed from insoluble matter by centrifugation, chilled, and precipi- 
tated with 1 : 1 hydrochloric acid until the solution was acid to Congo red. The 
precipitate D3~ was collected separately and the supernatant treated with several 
volumes of alcohol, yielding a small amount of additional precipitate (D3b). Each 
fraction was dissolved in a few cubic centimeters of water with the aid of normal 
sodium hydroxide solution, reprecipitated with hydrochloric acid, and washed 
with acidified water and redlstilled acetone, using alcohol in addition for the 
reprecipitation and aqueous washings in the case of b. The yields were 0.13 gin. 
of a and 0.02 gin. of b. As will be seen from Table I the analytical data on the a 
fraction correspond with those for the nucleic acids (10). 

A similar experiment with 7 D yielded analogous fractions, of which the D3a 
fraction was much lower in optical rotation and somewhat higher in its N: P ratio 
than was the corresponding fraction from 15 D, the data in this case also being 
close to those given by the nucleic acids. Possibly it contained more of the 
levorotatory protein degradation product than did the nucleic acid from 15 D, 
although the biuret test was negative in a 1:1000 dilution, while it was faintly 
positive in a 1:200 solution of the 15 D product. When 2 mg. each of 7 D3, and 
15 D3a were used for the orcin test, both gave typical pentose reactions, the final 
amyl alcohol solution showing an absorption band in the orange red. 

3. Occurrence of the Type-Speclfic Factor.--Lancefield (2) was  able, 
b y  m e a n s  of  acid ex t rac t ion ,  to  ob t a in  f rom s t rep tococc i  f rom widely  

different  sources type-specif ic  h a p t e n s  which  appea red  to  be p ro te in  

d e g r a d a t i o n  produc ts .  These  were identif ied b y  their  reac t ion  wi th  
sera which  h a d  been abso rbed  b y  he te ro logous  strains.  Aqueous  ex- 

t r ac t s  of  the  o rgan i sms  also con ta ined  type-specif ic  mater ia l ,  b u t  

a p p a r e n t l y  n o t  in an t igenic  form.  Lancef ie ld  des igna ted  this  the  
M factor .  
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It appeared of interest to locate, if possible, the type-specific material in the 
fractions prepared in the course of this work. Type-specific sera were obtained 
by Lancefield's method, with the aid of a vaccine prepared from the heterologous 
Strain S 24 of Streptococcus kemolyticus, the original culture of which was kindly 
furnished by Mrs. Lancefield. The results are given in Table IV, according to 
which fractions 8 H and 7 L contained the specific factor (Lancefield's M sub- 
stance), in addition to non-specific material. That it possibly exists in antigenic 
form is indicated by the data on rabbit Serum 75 (Table IV). Two rabbits were 
injected intravenously three to four times a week for a period of 9 weeks with 0.6 
to 1.5 ec. of a solution of 7 L containing 1 rag. per cubic centimeter. Each rabbit 
received a total of 33 rag. of protein. Bleedings 5 days after the last injection 
showed the presence of precipitins in the blood of Rabbit 75, and a fraction of 
these appeared to be type-specific antibodies since they were not absorbed by 
Strain S 24. 

An a t t empt  was also made to shorten the exposure of the strepto-  
coccus ceils to acetone and ether,  bu t  in a case in which the washings 
were limited to a period of several hours yery  little material  was ob- 
tained on extract ion at  pH  6.5 and its phosphorus content  was only 
2.7 per cent. Bacilli are known to contain nuclease (11), and i t  is 
possible the exposures to acetone and ether  used in the case of Pre- 
parat ions 7, 8, and 9, while not  too long to cause denatura t ion  of the 
cell nucleoprotein, nevertheless sufficed to inact ivate  the nuclease 
presumably originally present. In Preparat ion 15 only the acetone ex- 
t ract ion was shortened, bu t  since in this case the first aqueous extrac- 
tion at pH  4 was omit ted  and the D fraction was extracted with phos- 
phate  buffer at  p H  7.1 it is uncertain to what  cause to ascribe the 
slightly low rotat ion and phosphorus of the product  and its undoubted  
contaminat ion with fraction E. However,  in Preparat ion 7 bo th  oi 
the first aqueous extractions were omit ted and the initial one was 
made at  pH 8.3. The  possibility of simplifying the procedure with 
these points in mind is now under  investigation. 

DISCUSSION 

It iS shown in the description of the experiments that by a prelimi- 
nary acidification of cautiously dehydrated, mechanically disintegrated 
scarlatinal Streptococcus hemolyticus and subsequent extract ion in the 
cold with phosphate buffer at  pH  6.5 it is possible to obtain a nucleo- 
protein radically different from tha t  prepared according to the classi- 
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cal method involving alkaline extraction. The new nucleoprotein is 
characterized by its high phosphorus content, the low pH of its iso- 
electric point, its rotation of polarized light to the right, and its 
sensitiveness to alkali. Even in N/200 sodium hydroxide at room 
temperature the protein loses nucleic acid and becomes levorotatory, 
the hydrolysis or degradation product being poorer in phosphorus and 
isoelectric at a higher pH. In N/50 sodium hydroxide three-quarters 
• of the phosphorus is eliminated and the nucleic acid set free may be 
isolated and identified. Since it shows a strongly positive pentose 
reaction it belongs to the yeast or pancreas nucleic acid type (10) 
rather than to that of thymus nucleic acid. 

After removal of the nucleoprotein at pH 6.5 successive extraction 
of the cell residues at pH 8.4, 9, and 10 to 11 yields fractions char- 
acterized by their lower nitrogen percentage and poorer phospho.rus 
content, particularly in the last two fractions. These fractions are 
also the most levorotatory. The three alkaline-extracted fractions 
appear to differ from each other chiefly in the progressive removal of a 
common phosphorus-containing component, presumably nucleic acid, 
with increasing strength of alkali used in the extraction, and differ 
little in physical properties and analytical constants, except for their 
lower nitrogen, from the protein fractions obtained by fractional 
degradation of the neutral-extracted nucleoprotein. An effort is 
being made to determine whether or not these two groups of fractions 
are identical. 

Serologically the undegraded neutral-extracted nucleoprotein also 
differs radically from the fractions obtained by alkaline extraction 
after its removal, and from streptococcus nucleoprotein prepared by 
the classical method. Thus its reactivity is lower in the precipitin 
reaction in rabbit antisera obtained by intravenous injection of heat- 
killed or living bacilli, but it reacts more readily in many cases with 
the sera of patients suffering from different types of streptococcal 
disease (Table II). Moreover, the specificity of the neutral-extracted 
nucleoprotein is different from that of the alkaline-extracted frac- 
tions, since on absorption of rabbit antisera it does not remove the 
antibodies reactive against these fractions. On the other hand, ab- 
sorption of the sera with the alkaline-extracted fractions removes the 
precipitins for the neutral-extracted nucleoprotein as well (Table III),  
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a behavior difficult to interpret until after these rather ill defined 
fractions (E, F, and G, the "nucleoproteins" as ordinarily obtained) 
have been subjected to more rigorous purification and study. Also, 
in agreement with Lancefield, the streptococcus proteins encountered 
in this study precipitate antipneumococcus serum (Table II).  

Although absorption of rabbit antisera with specific polysaccharide 
isolated from fraction C failed to remove the protein antibodies or 

TABLE IV 

Absorption of Sera with Heterologous Strain S 24 of S~reptococcus kemolyticus 

Test fraction 

18Dsl I , F  I ,L I f15o J15G 
Serum 

Dilution 

41 ( 1 : 2 )  
41 absorbed 

(1:2) 
41 (1 :1 )  
75 absorbed 

(1:2) 

41 (1:2) after 
3 mos. 

Rio (1:1) 

1:1000 1:10~ 
+ ±  

1:1000 

-I-+ 

1:2000 

÷:i: 

1:1500 

+ 

± (+)* 

1:1000 

-{- 

%-t-~ 
% (+) 

1:5000 1:5000 

- ( - )  - (-)  

Dilution 

1:2000 - - -~1 1:2000 
- ( - )  

-t-~- 

1:2000 

~- (+) 

* Values in parentheses obtained after centrifuging at low speed. 

alter the differences between them (Table III) ,  in only one instance 
(8 D) was it possible to absorb with a protein fraction and leave poly- 
saccharide antibodies in the serum. 

I t  is of interest to note that  the water-soluble protein fraction ob- 
tained by Stull from Type I I I  pneumococcus (8) resembles in its 
nitrogen and phosphorus content the D fractions summarized in 
Table I, while the carbonate-extracted fraction is much lower in 
phosphorus. I t  is to be regretted that a serological study of these 
pneumococcus fractions was not reported. 
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With the aid of type-specific sera prepared according to Lancefield 
(2) the scaflatinal type-specific factor (Lancefield's M) was found in 
two fractions, and of these the one which was tested gave indications 
of containing the material in antigenic form. However, a solution of 
this fraction, 7 L, 3 months old, appeared to have lost its specific 

TABLE V 

Degradation of Fraction D by Sodium Hydroxide 

Concentra- 
Preparation tion NaOH 

(normality) 

7D 0 

0.25 
0.1 
0.05 
0.01 

8 D 0.01 
0.01 
0.005 
0.005 

DI* O. 02 

15 D 0 

0.1 

0.1 
0.25 

Tem~rature 

°C. 

24.5-25 
24.5-25 

24.5-25 

272-429 

27-29 
23-26 

25 

25 

25 
37 

Time 

] ~ r $ .  

m 

24 
24 
24 
24 

7 
24 
24 
24 

24 

4 
hrs. 

1 
48 

Total N Total P 

In supernatant after precipita- 
tion with acetic acid 

~rcent 

2 
77,78 
66,63 
59 
42 

13 
34 
23 
15 

44 

17 

41 

per cent 

22 

27 

73 

N o  inorganic 
P (12) 

[ 
w t  N ] Kafio 

split off 

2.0 

* Product of the treatment with 0.005 ~ Na0H. 

reactivity, although the non-specific protein in the fraction seemed 
unaltered (Table IV). On the other hand, 8 H, kept in a desiccator 
and dissolved only as needed, has maintained its type specificity for 
a year. 

I t  is evident from the last experiment reported in Table V that  the 
D fraction cannot be classified as a phosphoprotein in spite of its high 
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phosphorus content, since inorganic phosphorus is not split off on 
treatment with 1 per cent alkali (12). Similar tests on an E and an 
F fraction also gave negative results. Since, however, the phosphorus 
is split off as nucleic acid from D the new protein belongs definitely 
to the nucleoprotein group. To consider it as a native cell protein 
on account of its great lability would be tempting, but premature, for 
on account of its high phosphorus content it is conceivable that scission 
from a portion of the originally combined protein had already occurred 
in spite of the many precautions observed to minimize enzymatic (13) 
or manipulative hydrolysis. Should the D fraction actually be a 
degradation product of the original protoplasmic nucleoprotein it 
would be necessary to classify it as a nuclein, a group of substances 
ordinarily obtained by peptic digestion of nucleoproteins. 

Interesting from the standpoint of nucleoprotein chemistry is the 
fact that  the new protein is not merely a salt of nucleic acid, but con- 
tains the nucleic acid in chemical combination. I t  yields no precipi- 
tate with one-third volume of 20 per cent barium acetate solution at 
pH 6.6 (14), nor are significant amounts of nucleic acid split off until 
the solution of the protein is rendered alkaline, after which the amount 
set free depends on the strength of alkali and the period of exposure 
(Table V). In this streptococcus nucleoprotein, then, the nucleic acid 
appears to be combined in a labile, ester-like linkage, slowly saponifi- 
able even by alkali as weak as N/200. 

The relation of the present work to Lancefield's studies (2) will be 
clearer when animals have been immunized to the various fractions 
and the properties of the antisera studied. Until then it may be said 
that  the polysaccharide in fraction C is undoubtedly that  designated 
as "C substance': by Lancefield, while the type-specific factor in 
fractions 7 L and 8 H is the same as Lancefield's "M substance," ex- 
cept that it appears to be a true antigen instead of a hapten. Frac- 
tions E, F, and G would correspond to Lancefield's nucleoprotein P. 
I t  is possible that  the labile nucleoprotein, fraction D, corresponds to 
Lancefield's Y, present only in minor amounts in her preparations 
owing to the use of alkali in extracting the nucleoproteins and the use 
of hot acid in extracting the type-specific hapten. Should this sur- 
mise prove to be correct, Lancefield's Y factor would become known 
as one of the major antigens of the streptococcus cell. 
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So far in the present work the isolation of any protein not precipi- 
table by acetic acid has not been attempted, but with the growth of 
larger amounts of organisms such proteins will be sought for and the 
study continued of the products already isolated. 

The writers wish to express their thanks to Prof. A. R. Dochez of 
this Department for the facilities so generously placed at their dis- 
posal, and for his constant interest and many helpful suggestions; to 
Drs. Franklin A. Stevens, Alvin F. Coburn, and Miss Ruth Pauli of 
this Department for sera and material, and to Mrs. D. E. Lancefield 
of the Hospital of The Rockefeller Institute for Medical Research for 
cultures and antisera. 

SUMMARY 

I. A tentative method is described for extracting a labile nucleo- 
protein from scarlatinal Streptococcus hemolylicus. 

2. The product differs chemically and serologicaUy from the frac- 
tions prepared by subsequent alkaline extraction of the cell residues, 
and from protein obtained by the classical method for extraction of 
bacterial "nucleoproteins." 

3. The new nucleoprotein is sensitive to very weak alkalies and 
readily loses nucleic acid under these conditions. The protein degra- 
dation products resemble the alkaline-extracted protein fractions of 
the cell residues. 

4. The bearing of the properties of the new nucleoprotein on the 
chemistry of nucleoproteins in general is discussed, also the possible 
relation of the fractions obtained to the analysis of streptococcus 
antigens made by Lancefield. 
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