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The method, of course, depends upon the fact that it is impos
sible to throw down the glucinum until the greater part of the 
acid has been saturated, the glucinum remaining in solution as 
basic sulphate. Iron and aluminum, on the contrary, are easily 
separated. Some care is needed in order to get rid of the last 
trace of iron, which persistently remains in solution until the 
point at which the precipitation of glucinum begins is almost 
reached. 

A sample prepared in this way was perfectly soluble in hydro
chloric acid, gave no reaction for iron with potassium ferrocy-
anide, was completely soluble in an excess of ammonium car
bonate and caustic potash. The ammonium carbonate solution 
gave no precipitate on the addition of ammonium oxalate. The 
method is exceedingly simple, convenient and cheap, and leaves 
nothing to be desired. 
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WH I L E many examinations of the products of bacilli have 
been made during the past years comparatively little 

attention has been paid to a comparison of the proximate and 
ultimate analyses of the germs themselves that are morphologic
ally different, and produce different pathological changes. 

Cramer1 gives the results and analyses oi cholera germs from 
different sources, and concludes that upon easily assimilable 
media the composition of the bodies of the same germ from dif
ferent sources, and which vary in virulence, is about the same. 
Where, however, the media supply food that is but difficultly 
assimilable the composition of the bodies of the germs will vary. 
The comparison which he makes between these and several, 
other species shows a variation which indicates a distinct and 
characteristic composition for each germ. 

We have had occasion to collect large quantities of the tuber
culosis and glanders bacilli, and have submitted the germs, 
grown both on the ordinary glycerol beef broth and on artificial 

1 Arch,/. Hygiene, 16. 
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media, to proximate and ultimate analyses. The results are 
presented in tabulated form. 

The germs were freed by filtration from the culture liquid and 
the last traces of the soluble products removed by washing either 
with water alone or with the addition of sodium carbonate. The 
germs were then dried over sulphuric acid and, just before analy
sis, were further dried at ioo0 C. In drying, the germs under
went but slight change of color if they had been thoroughly-
washed. The analyses were made with the germs obtained 
from one and the same original culture, but the growths of eight 
or ten different generations were mixed together to secure an 
average sample. The artificial media used for the cultivation 
of the tuberculosis bacillus had the following composition: 

Water 1,000 cc. 
Glycerol ;o grains. 
Acid potassium phosphate 1 gram. 
Ammonium phosphate 10 grams. 
Sodium chloride i'< 
Asparagin 2 " 
Magnesium sulphate 0.2 gram. 

In table I are given the determinations of the carbon, hydro
gen, nitrogen, phosphorus, sulphur, ash, in column I, calcu
lated upon the weight of the sample dried at ioo0 C. ; in column 
II, upon the ash free substance. With the exception of the 
nitrogen there seems to be but little variation in the composi
tion of the germs grown on beef broth or on artificial culture 
media. 

I. T A B L E G I V I N G E L E M E N T A R Y A N A L Y S E S OF BACILLUS 

TUBERCULOSIS. 

Beef broth. Beef broth. Beef broth. Artificial media. 

Percen t . Per ceut, Percent . Percent . 
I. II. I. II. I. II. I. II. 

Carbon 60.12 62.61 62.98 64.06 62.16 63.35 
Hydrogen 9.22 9.60 9.15 9.53 7.39 7.52 9.19 9.36 
"Nitrogen 7.34 7.64 7.27 7.40 8.04 8.18 8.94 9.14 
Sulphur 0.44 0.45 0.22 0.23 
Phosphorus sol- 1 

uble in di lute f 0.66 . . . . 0.19 
nitric acid. . . J 

Phosphorus, to-1 . . . 8 . . . . 8 . . . . 6 6 . . . . 
t a l ( C a r m s ) . . J " ° ' 

Ash 4.03 4.03 1.77 1.92 
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Table II gives the elementary analyses of the bacillus of 
glanders. The germs for these analyses were filtered off, washed 
a number of times with water and cold absolute alcohol and 
dried. 

A comparison of these results with those of the bacillus of 
tuberculosis shows a great and distinctive variation. 

II. TABLE GIVING ELEMENTARY ANALYSES OF BACILLUS MALLEI. 
Beef broth. 

Per cent. 
I. II. 

Carbon 41.81 44.89 
Hydrogen 5.89 6.20 
Nitrogen 14.05 14.81 
Sulphur 0.99 1.04 
Phosphorus, total (Carius) 1.10 
Ash 5.18 

The variations in the composition of these two bacilli is still 
more apparent in a comparison of the amount of the proximate 
constituents as shown in tables I I I , IV, V, and VI. The deter
minations were made according to the general methods pre
scribed for such analyses. The nitrogen determinations were 
made by the Kjeldahl method, and from these results the 
albuminoids were calculated. The figures reported in the table 
as cellulose were obtained by treating the residue from the alco
hol extract with 1.25 per cent, caustic soda for forty to sixty 
minutes, washing well, then digesting the residue with 1.25 per 
cent, sulphuric acid for the same length of time, washing, and 
drying. The loss by ignition of the dried residue should indi
cate cellulose. 

The presence of cellulose in the organs of tuberculous indi
viduals has been examined by Freund, Dreyfuss, Toyosaku 
Nishimura, with somewhat discordant results. Freund (Jahr. 
d. g. Wiener Aerzte, 28, 1886) treated the organs and blood 
from twenty-five different cases, first by extracting with ether 
and alcohol, then with dilute sulphuric acid. In this way 
there were left behind hard round lumps about the size of tuber
cles, which, while insoluble in dilute were soluble in strong sul
phuric acid. This solution diluted with water and heated gave 
the reduction test for sugar. 
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I I I . BACILLUS TUBERCULOSIS. Beef Broth i. 

Per cent. 

Ether extract- • • 
Alcohol extract • 
Albuminoids 45 
Cellulose 6 
Ash 4 

I. 
39-64 

11. 
41.29 

47-3' 
7.24 

Per cent. 
I. II. 

3S.95 4°-j2 

45-87 47-85 

3-94 

Average. 

Per cent. 
I. II. 

39.29 40.80 

45.84 47.53 
6.95 7.24 
4.03 . . . . 

IV. BACILLUS TUBKRCULOSIS. Beef Broth 2. 

Average. 

Per cent. 
I. II. 

E the r extract 
Alcoh'ol extract 3.04 3.10 
Albuminoids 50-25 51.12 
Cellulose 7.37 7.68 
Ash 1.67 

Per cent. 
I.. II. 

45 43 46.25 

87 •••• 

V. BACILLUS TUBERCULOSIS. Artificial Media 

3.04 3.10 
47.84 48.68 

7-37 7-68 
1.77 . . - • 

Average. 

Ether extract 37-76 
Alcohol extract 4.69 
Albuminoids 55-87 
Cellulose 3.82 
Ash 1.92 

11. 
37.88 

4-79 
57.12 

3-89 

Per cent. 
I. II. 

37.98 38.71 
4.19 4.28 

5.69 5.80 

37-57 38.34 

4-44 4-53 

55-87 
4-75 
1.92 

57-12 
4.84 

VI. BACILLUS M A L L E I . Beef Broth. 

Average. 

Ether extract 7.91 
Alcohol extract 
Albuminoids 89.81 
Cellulose 5.87 
Ash 5.18 

11. 
8.26 

94.68 
6.19 

Per cent. 
I. II. 

7.67 8.09 

85.71 90.43 

I. 
7.78 

87.76 
5-87 
5-i8 

11. 
8.17 

92-55 
6.19 

S c h u l z e ' s m e t h o d w a s a l so u s e d . L ,ungs , s p l e e n , p e r i t o n e u m , 

a n d d r i e d b l o o d w e r e c u t u p finely a n d s u b j e c t e d to t h e a c t i o n of 

n i t r i c a c i d a n d p o t a s s i u m c h l o r a t e , w h i t e , r o u n d n o d u l e s , o r a 

flocculent s u b s t a n c e w e r e left b e h i n d , w h i c h , s u b m i t t e d t o a n a l y 

s is , a f ter s o l u t i o n in c u p r i c a m m o n i a a n d r e p r e c i p i t a t i o n , g a v e 

r e s u l t s c o r r e s p o n d i n g t o c e l l u l o s e . 
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Nishimura1 used for experiment the lungs and blood of tuber
culous cows and also of men. The organs, after being finely 
divided were extracted with ether and alcohol and then with two 
per cent, sulphuric acid. 

The residue, when treated with strong sulphuric acid, gave a 
solution that yielded the Trommer sugar test only twice out of 
six experiments. 

Nishimura then tried the alkali method. The material was 
fused with potassium hydrate in the oil-bath at 1800 C , the 
fusion acidified with sulphuric acid, then made slightly alkaline 
and allowed to stand until clear. The residue was filtered off 
and tested forcellulose. By thismethod, fromtheluiigsofa grown 
person a slight reaction for cellulose resulted with Trommer's 
test. The spleen and liver, treated in the same way also indi
cated cellulose. In two cases from children, lungs, liver, and 
spleen gave the cellulose test. 

How should this cellulose content be present in the organs? 
The most plausible supposition is the assumption that this comes 
from the presence of the bacilli themselves, and that the bodies 
of the latter are rich in cellulose. Upon this assumption Drey-
fuss8 examined several varieties of bacilli, bacillus subtilis, 
pus bacillus, aspergillus glaucus, and by the fusion method 
with caustic potash, succeeded in obtaining the reduction and 
phenylhydrazine tests. 

Nishimura, found, however, that other bacilli, c. g., the water 
bacillus No. 28, did not show the presence of cellulose. He ex
tended his researches to the tubercle bacilli themselves. He made 
four tests upon the tubercle bacilli from glycerol bouillon cultures 
using the alkali method, but obtained no reduction. From this 
he concludes that cellulose is not present in the tubercle bacilli. 

In our examination of the tubercle bacilli, as indicated above, 
the digestion of the residue, after extraction with ten per cent, 
sulphuric acid gave distinct reduction tests with Fehling's solu
tion. In two experiments Hoppe-Seyler's method, by fusing 
with caustic potash at 180°, was used. In the one a good redtvc-
tion test was obtained ; in the other the reduction test failed. 

1 Arch.f. Hygiene, 31, [1], 52. 

2 Ztschr. Physiol. Chem., 18, [3, 4], 367. 
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From these tests we would conclude that cellulose is present 
in the tubercle bacilli, but in very minute amount, which may, 
in some instances, escape detection by the methods generally 
adopted. Nishimura thinks that possibly the tubercle bacilli 
form cellulose when they grow in the body, but not on artificial 
culture media. The fact, however, that the analyses indicated 
cellulose, both when grown upon glycerol beef broth and upon the 
mineral salt cultures, would make it probable that the cellulose 
is a normal constituent and can be produced by the germ from 
whatever material it feeds upon. 

The proximate analyses of the glanders bacilli show results 
which are markedly different from those obtained with the tuber
cle bacilli. While the determination of cellulose by the method 
of difference would indicate its presence, the fusion with caustic 
potash, accoiding to the same method adopted for the tubercle 
germs, and subsequent treatment with sulphuric acid indicates 
the absence cf cellulose. Care was taken in filtering the tuber
culosis and glandery germs that they were not contaminated with 
cellulose from filter-paper. The most of them were filtered 
through porcelain and then scraped off. 

In order to show more clearly the variation in the body com
position of different germs the following table is appended which 
gives results obtained by Cramer and others, with different 
germs, upon varying media. The change in the nitrogen con
tent is very marked, and while the difference of medium influ
ences this to some extent there is still sufficient variation in the 
different germs to permit of a possible distinction of species. 
While the products of germs are invaluable as an aid to identi
fication it would appear that the chemical study of the bodies of 
the germs and the differences in their proximate constituents, 
especially albuminoids and fat, and a more distinctive study of 
the albuminoids might be very useful in aiding classification. 

In order to form some idea of the composition of the fat ex
tracted from the tuberculosis and glanders bacilli, the fats were 
saponified with caustic soda and the fatty acid separated. The 
quantity of acids obtained, however, was small and it was only 
possible to make melting-point determinations. From these the 
acids of the glanders seemed to be oleic and palmitic, those from 
the tubercle bacilli, palmitic and arachidic acid. 
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The difference in the fatty acids apparent in these two, and which 
would probably vary as much in other germs, could doubtless be 
made of use in classification. This study is being continued 
further and extended to the hog cholera, swine plague, and 
allied germs. 

Albuminoids 
per cent. 

i 
( per cent 

Media j Peptone 
( agar. 

Bacilli. 
Pfeiffer's capsule 

Pneumonia bacil-

Bacillus of Rhi-

noscleroma 68.42 

Spir i l lum of chol-

2 
per cent 
Peptone 

agar. 

70.0 

79-8 

76.2 

64.96 

79.6 

i 
per cent 

Soda. 

Ether and alco
hol extract 
pel cent. 

5 
per cent 
Peptone 

agar. 

14.06 

" • 3 

9-i 

17.08 

i 
per cent 

Soda. 

Ash 
per cent. 

5 
per cent 
Peptone 

agar. 

9.10 

IO.36 

9-33 

7-79 

i 
per cent 
Peptone 

agar. 

30.78 

Nitrogen. 

7 7 
per cent per cent 
Glycerol Artifi-

beef cial 
broth, media. 

pe rcen t pe rcen t 
Tuberculosis . . . . 7.34 8.94 

Glanders 

Swine plague 

BiociiEMic LABORATORY, 

BUREAU OF ANIMAL INDUSTRY. 

5 i 
per cent per cent 
Glycerol Peptone 

beef beef Car-
broth, broth. bon. 

per cent per cent per cent 

14.05 

I I . 8 l 

62.98 

41.89 

44-57 

Hydro
gen, 

per cent 

7-34 

5-89 
7.20 

Ash. 
per cent 

I.77 

5.18 

12.41 
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TH E various holders and hand-clamps used for holding test-
tubes and smaller forms belong, as a rule, to two classes. 

The bite is effected either by a spring or by a pressure exerted 
by the hand. The difficulty with the first class of holders is 
that the spring is often inconveniently strong for delicate tubes, 
and not strong enough for flasks. The second class often fails 
when long continued holding is involved, as muscular pressure 
relaxes after a time. 

The following little device was worked out to afford a con-
1 Read before the New York Section, December, 1893. 


