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THERMOPHILIC bacteria are widely distributed in soil, etc., and are responsi-
ble for a large number of biological processes which are of importance in
nature, in agriculture and in certain industries. Proteolytic breakdown is
an essential feature of many of these processes. These bacteria can grow
at high temperatures often close to the coagulation temperature ¢f their
albumins. In Beccari system of garbage fermentation, for example, tempe-
ratures above 50° C. are reached and thermophilic bacteria undoubtedly
play a part liquefying the prcteins in the initial stages and decompcsing
amino acids in the later stages. de Kruyff (1910) and Bergey (1919) have
isolated from soil, manure, dust, etc., several species of thermophilic bacteria,
many of which were of a proteolytic nature. Rabinowitsch (1895) has found
thermophiles in soil and Weinzirl (1919) found B. @rothermophilus in
canned string beans. Pricket (1928) has found B. erothermophilus wide
apread in hay, dust, beef extract, water, milk and agar. Thermogenic fer-
mentation in the production of silage, processing of tobacco, cacoa and
.coffee as well as the harmfu! heating up of hay is well known and according
to James ef al. (1928) nitrogen metabolism and thermogenesis are inter-
related.  According to Dunez (1933) nitrogen in the form of albumin and
its degradation products plays an important role in the fermentation of
manure piles by thermophilic bacteria. Damon and Feirer (1925) have
found aerobic and proteolytic thermophils in horse manure. Hops and
oil-seeds often heat up cn account of the activity of thermophilic bacteria.
Microbial proteolytic thermogenesis ¢f wool has been studied by Barker
(1929). It is well known that thermophilic bacteria and molds are the active
agents in manure fermentation. Damage caused to canned meat, fish, etc.,
by thermophilic bacteria is well known and Rokusho and Fukutome (1937)
ascribed a type of spoilage of soya beans to the proteolytic activity of thermo-
" philic bacteria.

- The nature and properties of microbial proteinases and their mode of
formatidn is still imperfectly understood. Considerable amount of werk is still
necessary with different types of micro-organisms and by using more reliable
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and more decisive methods of analysis and experimental methods. Proteo-
lytic enzymes of thermophilic bacteria do not seem to have been investigated
at all, These bacteria thrive at unusually high temperatures and this fact,
coupled with their practical importance, renders them an intriguing subject
for study even apart from any theoretical interest in the nature of microbial
proteinases in general. The present investigations are devoted to a study
of the proteinases of three typical thermophilic bacteria:—

Bacillus thermophilus

Bacillus aerothermophilus

Bacillus thermoacidurans.
Cultures of these organisms were obtained from the Lister Institute,

London.
METHODS OF ANALYSIS

The methods of analysis employed by a majority of the previous workers
in the study of microbial proteinases do not seem to have been quite satis-
factory. For instance, a large number of investigators have estimated the
amount of e-amino acids liberated by the proteinase without having previ-
ously verified the absence of poly- and dipeptidases in their enzyme extracts.
Besides estimation of liberated amino acids alone does not throw any light
on the initial stages of proteolytic breakdown when the protein undergoes
profound physical changes without any appreciable increase in e-aminG
nitrogen. It would be more satisfactory to use a scheme of analysis whereby
both initial and final stages of proteolytic action can be determined. The
analytical schemes for various proteins actually adopted in the present study
comprise firstly the determination of the initial stage of proteolysis, s:econdly
the final stage, i.e., when hydrolysis has ceased or has become very siow an .
in addition the determination at stages intermediate between the intitial
and final stages.

The most convenient method for studying the initial stages must
necessarily depend upon the physico-chemical anc.l.colloidal properties c?f
the protein. In the present investigations a sensitive methocfl for gelatin
solutions was afforded by the measurement, in an Ostwald wscomet;r, ‘off
the progressive fall in viscosity of the solution in the presence of a prgtemabe.
Viscosity/time curves were plotted and when e)_;tral?olated to zero time :cbey
gave the relative initial speed of hydrolysis whlch is a goodimeasure f’i ,the
very first stages of proteolysis of gelatin. W!‘lenever p,araile‘zl experiments
were to be conducted at different hydrogen-ion cop.cent;atmps then d]‘.}e
corrections were made for the effect of pH on the specific w.scosﬂy of gelatin
solutions.. .Corrections due to any effect of bqffer, heating, etc., can be
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ignored as these conditions are always reproducible. -in addition to deter-
mining the initial speed of hydrolysis the per cent. fall in initial viscosity
in a definite period of time (30 minutes) was also calculated from the same
set of observations and this gave an idea of the progress of proteolysis.

With the albumins the initial stages of hydrolysis were followed by
precipitating the unaltered protein by boiling the solution after bringing it
to the isoelectric point of the protein. A small quantity of pure sodium
chloride was added to the solution before boiling in order to increase the
range of maximum coagulability of the unaltered albumin to some extent
on both sides of the isoelectric point, thus avoiding the extra time and labour
necessary to bring the solution exactly to the isoelectric point of the albumin.
The intermediate stage of proteolytic hydrolysis was determined by precipi-
tation with trichloracetic acid.

The final stage of proteolytic breakdown in case of all proteins was
studied by estimating the increase of free e-amino acids by using the micro
Van Slyke method, due corrections being made for the auto-hydrolysis of
the proteinase solution.

PROTFINASE SOLUTIONS

The bacteria were cultivated in nutrient broth by incubation at 50° C.
for thirty-six to forty-eight hours. The cultures were centrifuged and filtered
through Chamberland candles yielding cell free filtrates which were proteo-
lytically very active and were used directly. |

SUBSTRATES

Previous workers have generally used only one kind of protein in their
investigations on microbial proteinases. The results obtained by them
therefore do not appear to be based on very firm foundations. °Bacto’
gelatin flakes, Merck’s dried egg albumin and casein (Hammersten) were the
three proteins employed in the present study. In addition some experiments
were made with serum albumin and with denatured albumin prepared in the
laboratory. Egg albumin solutions were dialysed in parchment bags in ice
cold distilled water before mixing with the buffer solution in order to remove
the lower degradation products which accompanied the true albumin. Pre-
vious investigators do not seem to have taken this precaution. ~Mclvaine’s
citrate-phophate mixtures were used as buffer as they do not hinder proteo-
lysis, compare Weil and Kocholaty (1937).

- EXPFRIMENTAL METHODS

Several stoppered test-tubes containing 10, 20 or 30 ml. of the protein
solution of the required concentration and pH were prepared with the buffer
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and 1% phencl or a drop of toluene per tube. These were brought to 38-
39° C. in an incubator before starting an experiment. A test-tube was taken
out. 1 ml or 2. mi. of the enzyme solution was run in and the test-tube was
shaken. In case of experiments with gelatin substrate a stop watch was
started simultaneously with the shaking and 2 ml. of the mixture was pipetted
out immediately into a dry Ostwald type of viscometer previously maintained
at 37° C. in a thermostat. Viscometric readings were started using a second
stop watch five minutes after the mixing of the enzyme solution and the
substrate. During this time thermal equilibrium had already been attained
in the viscometer. Readings were repeated every five minutes for about
fifty minutes after which the fall in viscosity was very slow. Initial speed of
fall of viscosity was calculated by extrapolating viscosity/time curves to zero
time and also the uer cent. fall in initial viscosity in 3C minutes was calculated.
Finally a-amino nitrogen was estimated in 2ml. of the mixture, using a
micro Van Slyke apparatus, immediately after completion of the viscosity
readings and again after incubating at 40° C. for a definite period. There
is no measurable increasz in e-amino nitrogen during the one hour or so
which must elapse after mixing of the enzyme solution with the substrate
and before an aliquot portion can be analysed in the Van Slyke apparatus.

When the substrate protein used was an albumin, then aliquot volumes
were pipetted out immediately after mixing the substrate solution with the
proteinase solution and analysed for (a) the amount of organic nitrogenous
compounds not precipitated by boiling at the isoelectric point of the protein,
(b) the amount not precipitated by mixing with an equal volume of 8% tri-
chloracetic acid and (¢) the free a-amino acids by estimation by the Van Slyke
method. The three estimations were repeated after incubation at 40°C.
for a definite length of time. Micro-Kjeldahl method was used for the
estimation of nitrogen compounds. '

pH Optima of the hydrolysis of gelatin by the proteinases of thermophilic
bacteria

2 ml. each of the proteinase solution were mixed with 20 ml. each of
39/ ¢ Bacto ’ gelatin solutions prepared at different pH in Mcllvaine’s citrate-
phosphate buffer and viscometric determinations and estimation of increase
in a-amino acids were carried out as described above. The results are
summarised in Tables 1, IT and III below.

All the three proteinases therefore have their pH optima in the alkaline
region, e.g.. at pH 8-1to8-3 for Bacillus thermophilus, pH 7-5 to 7-7 for
B." aerothermophilus and pH 8-0 to 8-1 for B. thermoacidurans. In this
respect, therefore, they resemble the tryptases.
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TABLE |
Optimum pH of the proteinase of B. thermophilus
Initial rate. e . Increase in a-
- : % Fl'l:zlllailnxinitial % I:"all 1n initial amino nitrogen,
& pH viscosity in first viscosity 1in mgm. /10 ml.
¥ 5 minutes 30 minutes | in 48 hours
i
30 | o7 535 | 000
4.0 | 0-94 10-80 0-00
50 | 2.24 21-30 3:10
60 | 5-37 40-15 6-13
770 | 8-15 48-00 8-65
75 | 9-65 51-35 10-13
80 | 10-63 55-50 11-67
85 | 10-50 | 5460 11-68
9-0 10-27 } 5125 10-15
9.5 | 10-00 51-00 9+40
10:0 ff 7.28 ! 46-50 815
TABLE 11

Optimum pH of the proteinase of B. @rothermophilus

; Initjal rate. o C e .. Increase ina-
H 9 "Fall in initial | 0 ¥ ali 1.‘1 nitial | o nitrogen,
p viscosity in first v?:(s)c s_lnyt ;n, mgm. /10 ml.
g 5 minutes minute in 48 hours
, 3-0 J 1-85 2.25 0-00
4.0 | 3.10 .10 115
5.0 5-65 23-75 365
5 8.0 7-55 45-10 6-41
7-0 9.15 55-90 8-08
7.5 12-10 59.15 9-53
8.0 11.50 56-45 9-00
8.5 10-00 ’ 55-40 8-75
8.0 7-55 | 49-15 715
9.5 4-.25 4400 6-37
10-0 3-40 | 3250 466
l
TABLE III
Optimum pH of the proteinase of B. thermoacidurans
. Initial rate. 0 AT Increase ino-
' % Fall in initial % I:'all In initial amino nitrogen
: pH A 1 s viscosity in A
i viscosity in first 30 minutes | M&m./10 ml. in
5 minutes 48 hours
3.0 1.68 1-95 0+00 -
g 4.0 2.15 3+00 0-00
; 5.0 3-17 19.65 315
640 588 32.70 L 5-00
7.9 7486 4400 1 6465
7.5 9-79 4835 ] 8-22
8.0 11-58 50+-65 : 8-68
8-5 9-61 4930 ! 8.5
9.0 9.38 47+45 8+00
9.3 7-95 44.65 ' 641
10-0 540 3040 [ 478
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Peptone splitting enzyme in filtrates from the cultures of the thermophilic
bacteria

Besides the true proteinase the thermophilic bacteria also produce an
enzyme which can hydrolyse peptone and which is distinct from the pro-
teinase. The enzyme solutions used in these experiments were filtrates from
four days’ old cultures. 20 ml. of a 29 solution of Witte’s peptone made up
at different pH in Mcllvaine’s citrate-phosphate buffer were incubated at
40° C. for forty-eight hours with 2 ml. of the enzyme solution and the incrcase
in ae-amino acids was estimated by Van Slyke’s method. The results are
tabulated in Table IV and it is clear that the optimum pH of this ecnzyme is
between 7-5 and 8-0.

TABLE IV

Optimum pH of bacterial peptonase

Increase in dt-amino nitrogen mgm./10 ml. in 48 hours

pH B, thermophilus B. acrothermophilus B, thermoacidurans
3 0-00 000 0:00
4 0-00 0-00 .
5 . 0-33 .
6 057 0-75 0-93
7 1-83 1.82 2-15
8 2.00 1.98 2420
9 1-04 0-86 1-01
10 0-22 0-45 .

Course of formation of proteinase and peptonase in cultures of thermophilic
bacteria

The course of increase or decrease of proteinase and of peptone splitting
enzyme in cultures was followed daily during an incubation period of one
week. As before culture filtrates served as the enzyme solutions. The
recults are summarised in Table V.

The polypeptidase capable of splitting peptone therefore first appears
when the cultures are two or three days old and then goes on increasing
steadily, whereas the proteinase is found in culture filtrates in appreciable
quantity within twenty-four hours of inoculation and reaches a maximum
in two or three days, after which the proteinase activity of the filtrates
decreases gradually. Thus filtrates from thirty-six or forty-eight hours old
cultures do not contain any enzyme capable of further hydrolysing the
products obtained by proteolytic degradation of a true protein. Most
previous investigators do not seem to have taken the precaution of ensuring

that their enzyme extracts were free from peptonases and polypeptidases
B3
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TABLE V

Course of formation of proteinase and peptone splitting enzyme
by bacteria

2 ml. of the culture filtrate to every 10 ml. of 37% ° Bacto’ gelatin substrate or 10 ml. of
29, Witte’s peptone substrate, both at optimum pH

Initial rate. |o e el Increase ina-amino nitrogen,
Age of culture in 9, Fall in initial % fizléolgtlnli‘gal mgm.[10 ml. in 48 hours
hours viscosity in first 30 n{ingt s -
’ 5 minutes € Proteinase Peptonase
B. thermophilus
24 4.63 22-15 4-00 0-10
48 12-25 61-70 13-73 0-35
72 12-90 6250 13-80 0-80
96 11-86 57-65 11.37 1-13
120 10.75 54-10 10-73 1.72
144 8-12 47-25 8:33 1-96
160 6-67 33-40 6.78 2.17
B. aerothermophilus

25 4-79 30-10 4-39 0-00
49 11-30 35-60 10-73 015
74 1135 56-75 11-17 0-40
97 10-17 53-15 9-63 1.12
121 9-00 47-10 8-17 1.68
145 717 40-25 6-83 2-05
162 6-90 31-70 5-91 2.30

B. thermoacidurens

24 4-71 28-10 | 4:33 0-00
48 9-73 47-85 8-13 0-05
72 9-96 49-30 8462 0-23
96 8-89 44-10 8-00 1-03
120 773 37-35 7-63 1-61
144 6:156 30-00 7-11 1-93
160 5:33 21-30 6-97 2-18

although the methods of analysis adopted by them depended solely on the
estimation of increase of free a-amino acids. Maschmann (1937) has tricd

to eliminate the polypeptidase from his enzyme solutions by a laborious
system of adsorption.

"

The substrate solutions were preparcd at different pH in Mcllvaine’s
buffer and contained generally' 14 to 3-0 mgm. organic nitrogen per ml.
Typical results’obtained with casein are summarised in Table VI from which
it is clear that casein is efficiently hydrolysed, the optimum pH being 7-3
to 7-7. . :
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TABLE VI
Hydrolysis of casein by bacterial proteinases
Proteinase from Increase in @ amino-hitrogen, mgm./10 ml. in 48 hours
pH . 5 6 7-8 85 9.6
B. thermophilus .. .. 8.01 |3-.43| 5-21 4-83 3:37
B. aerothermophilus .. . 5-35 | 7-08 | 9-10 6-05 .
B, thermoacidurans .. . 1-42 | 1-53 | 4-24 3-11 2-56

Hydrolysis of albumins by bacterial proteinases

In contrast to casein and gelatin, egg albumin is very resistant to pro-
teolytic action of the proteinases under study. This is obvious from the
data summarised in Tables VII, VIIT and IX. The optimum hydrogen ion.
concentration appears to be at pH 7-5 to 8-0 approximately.

TasLe VII
Hydrolysis of albumin: B. thermophilus

Increase in nitro- |Increase in nitro-

gen not precipi- | gen not precipi- Increase in
JH tated at isoelec- | tated in 49, tri- |@-amino nitrogen,
! tric point, chloracetic acid, | mgm./10 ml.
mgm./40 ml. in | mg./40 ml. in in 48 hours
48 hours ‘48 hours
|
3 \ 0-00 l 000 0-00
4 0-00 0-00 0-00
5 0-00 0-00 0-00
6 0-00 0-00 0-00
7 6-32 2:35 050
8 8-41 2.58 0-68
9 3.27 125 0-00
10 \ 0-00 0-00 0-00
TaBLe VIII

Hydrolysis of albumin: B. erothcrmophilus

|Increase in nitro- |[Increase in nitro-
gen not precipi- | gen not precipi- Increase in
H tated at isoelec- | tated in 4% tri- |@-amino nitrogen,
P tric point, chloracetic acid, mgm. [10 ml.
\ mgm./40 ml. in mgm. (40 ml. in 48 hours
l 48 hours in 48 hours
3 0-00 0-00
4 0-00 0-00
51 0-00 0-00
6 1-32 0-00 Nil
7 3-86 1-37
8 4420 1-43
9 1-05 0:00
10 0-00 0-00 J
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TaABLE IX
Hydrolysis of albumin: B. thermoacidurans

Increzse in nitro- {Increase in nitro--
gen not precipi- | gen not precipi- Increase in
H tated at isoelec- | tated in 4% tri- |@-amino nitrogen,
P tric point. chloracetic acid, | mgm. /10 ml. in
mgm. /40 ml, in | mgm./40 ml, in 48 hours
48 hours 48 hours
3 - 000 0-00
4 000 0-00
5 0-00 000
8 1.94 0-00 Nil
7 5:38 1-38
8 5.93 2-11
9 2415 0-00
10 0-00 0-0-
&

Serum albumin and serum and the proteinases of thermophilic bacteria

Serum albumin was found to be even more resistant to hydrolysis by
the proteinases of the thermophilic bacteria. Only very slight increase in
organic nitrogen not precipitable by boiling at isoelectric point or by
trichloracetic acid could be detected at all the hydrogen-ion concentrations
studicd. From this very slight increase it was impossible to find out the opti-
mum pH of hydrolysis but it appeared to be somcwhat above 7. Increase in
a-amino nitrogen could not be detected. Data is not cited here as extent of
hydrolysis was very meagre. Incidentally it was found that not merely serum
albumin is resistant to attack itself but also that liquid serum stron gly inhibits
the activity of the proteinases here studied. As expected, denaturation of
egg albumin and serum albumin rendered them more readily available for
attack by these proteinases. .

Relationship between time and percentage of hydrolysis

The bacterial proteinases studied here are fairly powerful and it was
found that linear relationship was obtained by plotting per cent. fall in
viscosity of gelatin solution against the square root of time only. This is
illustrated for Bacillus thermophilus proteinase in Fig. 1. The curves in
case of the proteinases of B. aerothermophilus and B. thermoacidurans are
quite similar.

Relationship between percentage of hydrolysis and ‘enzyme concentration

On the basis of the Michaelis and Menton’s theory it would be expected
that velocity of hydrolysis will vary directly with the enzyme concentration.
Varying results have been obtained regarding relationship of percentage of

T
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Fic. 1. Velocity/Time Curves for Proteinase of B. thermophilus

hydrolysis to enzyme concentration by different workers in case of trypsin.
[See for example Bergmann and Pojarlicff (1934); Bergmann and Féhr (1933)
and Farber and Wynne (1935).]

In case of pepsin, Anson and Mirsky (1932) have found direct relation-
ship between the rate of hydrolysis and enzyme concentration only when
enzyme and substrate concentrations were low. Direct relationship has
been found for gelatin hydrolysis in the case of malt proteinases by Luer
and Malsch (1929). In the case of proteinases of the thermophilic bacteria
here studied linear relationship was obtained irrespective of whether the
initial rate of hydrolysis or the progressive rate as represented by the per
cent fall in initial viscosity of gelatin solutions in thirty minutes or measure~
ment of the amount of free amino acids set free is used as'the basis. This
is shown graphically in Fig. 2. o

In 1913 Michaelis and Menton announced that enzymic processes are
preceded by a combination of the enzyme molecule and the substrate molecule.
Bvidence that has later on been accumulated by some other workers has
generally supported this view. Kinetics of enzymic reactions can be satis-
factorily interpreted on this basis. Further evidence in support of this view
is afforded by the fact that many enzymes are protected by their substrates
against heat. For example, the thermostability of the microbial enzymes
here studied is greater in presence of proteins and peptone than in their
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absence, and the destruction of activity of trypsin solution which takes place
rapidly at room temperatures is prevented by the addition of a very small
quantity of gelatin or peptone. Data need not be cited here, but the cffects
are quite striking. At least in one case, Stern (1936), formation of the inter-
mediate enzyme-substrate complex has been proved by spectrum analysis.
According to Northrop (1932), however, trypsin does not form a compound
with its substrate. More recent work by Farber and Wynne (1935) has,
on the other hand, proved that Michaelis and Menton’s equation is in fact
applicable.

In the present experiments same quantity of enzyme was added to gelatin

substrates of different concentrations varying from 1:2 to 4%. The data

are set forth in Table X.
' TABLE X

Velocity of hydrolysis and substrate concentration

% Fall in initial viscosity in 30 minutes

Proteinase of at substrate concentration of

1.29% 1-99, 2-69 3.39, 4%,
B. thermophilus . W 26-20 | 33.35 | 37-60 | 44-15
B. aerothermophilus .. . .. 18-75 26-95 33-10 35-00 39-05
B. thermoacidurans .. .. ..| 16:30 15-80 21 -20 2050 .

s
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On equations based on Michaelis and Menton’s theory, Linweaver and
Burk (1934) have shown that the plot of the ratio of initial substrate con-
centration to reaction rate (S/V) against the initial substrate concentration
(S) yields a straight line for the case in which an enzyme-substrate compound
consisting of one molecule each of the enzyme and the substrate is postulated.
This method of plotting has also been employed by Greenberg and Winnick
(1940) in case of certain plant proteases.

In the case of microbial proteinases here studied S/V plotted against S
gave straight line curves where V was equal to per cent fall in initial viscosity
in first five minutes or first thirty minutes. This is evident from Fig. 3.
G B. aerothermophilus ‘

@0 B, thermophilus
&3 B, thermoacidurans

e

—

o

et OF wr AsO9SIA [RU] UYL [[EA % =4 HIUM A [S
X

12 19 26 33 40
o, Gelatin in'the substrate (S)

Fic. 3. Substrate concentration against ratio of Substrate Concentration and Viscosity

From these results it appears that with these bacterial proteinases the
enzyme combines with the substrate before hydrolysing it and that the
enzyme-substrate complex consists of one molecule each of the enzyme
and the substrate.

SUMMARY

1. The thermophilic bacteria Bacillus thermophilus, B. aerothermophilus
and B. thermoacidurans produce powerful proteinases which can be detected
in the culture filtrates. ' e
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2. These proteinases resemble tryptases in their optimum hydrogen-
ion requirements and hydrolyse gelatin and casein readily and albumins
sparingly, unless the albumin has been previously denaturcd.

3. In addition to the proteinases these thermophilic bacteria also pro-
duce a polypeptidase capable of hydrolysing peptone, but this enzyme appcars
in culture filtrates much later than the proteinases.

4. Velocity of gelatin hydrolysis by thesec protcinases varics dircctly
as the square root of time and percentage of hydrolysis varics dircetly with
the enzyme concentration. '

5. Relationship of substrate concentration and rate of hydrolysis shows
that in case of gelatin Michaelis and Menton’s equation is applicable and
that an intermediate enzyme-substrate complex consisting of one molecule
each of the enzyme and the substrate is probably formed before the sub-
strate is hydrolysed.

REFERENCES

1. Anson and Mirsky .. J. Gen. Physiol., 1932, 16 , 59.

2. Barker .. Wool, 1929, H. M. Stationery Office, London.
3. Bergmann and Pojarlieff .. Biochem. Z., 1934, 269, 77.

4. and Féhr .. Ibid., 1933, 264, 246.

5. Bergey .. J. Bact., 1919, 4, 304.

6. Damon and Feirer .. Ibid., 1925, 10, 37.

7. de Kruyff .. Centr. Bak:., 1910, 2, 26, 65.

8. Dunez .. Ann. agron., 1933, 3, 505.

9. Farber and Wynne .. Biochem. J., 1935, 29, 2312.

10. and Wynne .. Ibid, 1935, 29, 2323.

11.  Greenberg and Winnick .. J. Biol. Chem., 1940, 135, 781.

12. James, Rettger and Thom. J. Bact., 1928, 15, 117.

13. Luer and Malsch .. Wochschr Brau., 1929, 46, 265, 275.

14. Linweaver and Burk .. J. Amer. Chem. Soc., 1934, 56, 658.
15. Maschmann .. Biochem. Z., 1937, 294, 1-33.

16. Michaelis and Menton .. Ibid., 1913, 49, 1333,

17. Northrop .. J. Gen. Physiol., 1932, 16, 339.

18. Prickett < N.Y. Agr. Exp. Sta. Tech. Bull., 1928, 147, 46.
19. Rabinowitsch .. Z. fir Hyg., 1895, 20, 154.
20. Rokusho and Fukutome .. J. dgr. Chem. Soc. Japan, 1937, 13, 1235.
21. Stern , .. Science, 1936, 83, 190.

22. Weil and Ko holaty .. Biochem. J., 1937, 31, 1255.

23. Weinzirl -« J. Med. Res., 1919, 39, 403.

bZes8 Printed at The Bangalore Press. Mysora Road, Bangalore City, by G. Srinivase Rae, Superintendent
and Published by The Indian Academy of Scienass. Bangalors

S




