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T 11 E SPECIFICITY OF BACTERIAL PROTEOLYTIC 
E NZYMES AND THEIR FORMATION 

H A R 0 L D s. D I E H L 

' l·rom th.· Departm e nt of Bacteriology and l1n1wttology, Universi t y of ltlinnesota, 
Min neapol is* 

Ever since the recognition of enzymes as the active agents in a 
large number of vital processes of both multicellular and unicellular 
organi'lob, much work has been done to determine their nature and 
Pl"lll'' r' ics. Through this we have learned much about them, but a 
great deal is still left unknown, mainly because it has been impossible 
Lo obtain them in a pure form. So at present we can study them only 
indirectly, that is, by investigating their properties and their modes of 

action. 
One of the first properties assigned to amylases, lipases, and pro-

teases was that of specificity: Even among the enzymes acting on the 
several carbohydrates a certain amount of specificity was observed; 
but the nature of this specificity could not be determined because it 
appeared that these ferments were inseparable from the bacterial cells. 
They are what we now know · as endo-enzymes of bacteria. With the 
proteolytic enzymes, however, more work was possible because these 
are given off by the cells into the surrounding medium, and are there-

fore susceptible of isolation. 
The action of these enzymes on the proteins offered a good oppor-

tunity for the study of specificity because of the great differences 
between the several types of proteins. If enzymes really be specific, 
then one would expect that no single enzyme would be able to act on 
all of the widely different types of proteins. On the other hand, it 
hardly seems probable that a different enzyme exists for each. For, if 
this were actually the case, digestive enzymes such as pepsin and 
trypsin would have to be considered not as units, but as combinations 
or mixtures of many distinct ferments. Such a conception does not 
eem probable, nor is it borne out by the experiments of Fermi1 and 

;-others, who came to the conclusion that the proteolytic enzymes of 
he digestive juices are units and are not specific for individual proteins. 

Received for publication Nov. 30, 1918. 
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2 H. s. DIEHL 

Fermi/ in di cu sing this question, quotes the views of Fischer 
and . \bdcrhalden. Their opinions are very imilar and well worth 
repeating here. Emil Fi cher states: "That most of our common 
ferments are mixed is very probable. But how far one should go in 
the differentiation of them is hard to say without experiment; and I 
mu t admit that mo t experiments which have been carried out in this 
connection po ess but very little conclusive force. In any case, I 
believe that it is an exaggeration to assume for each protein that is 
attacked by pepsin and trypsin a special enzyme; for the necessary 
conclu ion would be that one must assume for each glucosid a special 
enzyme, namely, for beta-methyl-glucosid and for beta-phenyl-glucosid. 
According to chemical analogie , I must hold this as being very improb-· 
able." Abderhalden e:xpre es very much the same view when he 
ay : "It i quite probable that pep in and tryp in are not units, still, 

any ure proof of a gelatina e, ca ease, etc., is lacking in my conviction 
at the pre ent time. o long as one is forced to work with unknown 
sub trata and unknown ferment , ure conclu ions are very hard 

to get." 
In inve tigating this problem numerous proteins have been used to 

te t enzyme action but gelatin ha been more popular than any other. 
Thi i . o chiefly becau e gelatin i ea ily prepared and any proteo
lytic action on it i di cernible by direct ob ervation. For this reason 
the digestion of gelatin has come to be looked on by many bacteri
ologi t a an index of the proteolytic activity of bacteria, and in most 
·a e it is quite sati factory . .. 'ext to gelatin, ca ein probably has 
been mo t u ed, with variations of technic to determine the amount 
of it. dige tion. Hemoglobin, fibrin and other proteins have been 
tried with more or Je c:ati factory result . 

R E\"IE\ . OF TH E LITERATURE 

Pollak,' after mu.ch exper!mentin!(. was convinced, ( 1) that the gelatinases 
are not identical wtth tryp m and (2) that a pecific gelatinase exi ts. He 
ba. es this latter conclu ion on the fact that in immune serum he could demon
trate an antigelatina e, whic~ would suspend the gelatinolytic activity of 
e lutions but would leave unmAuenced the erolytic. Hattori' also claims 

to have demonstrated a pecific gelatina e by the u e of chemicals which would 
de troy the alhumino-., ero- and fibrino-lytic powers of a solution but would 
leave unimpaired the gelatinolytic power. 

On the other hand. Duclaux' think that the gelatina es and casea es are 
identical, and al o a. ume the identity of hoth of these with trypsin. And 

• Centralbl. f. Bakteriol., I. 0 ., 1913, 68, p. 433. 
• Cited by ~farras (Hofmei<ter's Beitr., 1905), 6, p. 95. 
' Cited hy )farra•, Arch. inttrnotionale de pharmacol., 190~, IR, p. 255. 

• :'>!icrohiologie, 2, p. 61!1. 
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"PECJFICITY AND FORMATION OF PROTEOLYTIC ENZYMES 3 

F ctittr extensive work with ferments obtained from animals and plants, 
1 1 bacteria, concludes that the proteolytic enzymes are identical wjth 

t· "l H e found that, when fibrinases and caseases were present, gelatin
, , ' ,·ue also present; but that some bacteria which produce gelatinases 

• • t rroduce fibrino- and caseino-lytic enzymes. From these findings he 
dr"'' the conclusion that the same enzyme acts on all proteins, but that 
dirfc•cnt proteins show various degrees of resistance. 

De \\'aele and Vandevelde' also believe that the differences in bacterial 
'>r• ·tcolysis are differences of intensity only. They state that on the dif
ferent nitrogenous mediums all bacteria act quite similarly and that all 
c,rf!an1sms which liquefy gelatin also vigorously attack casein. To them this 
parallelism indicates that the liquefaction of gelatin and the solution of 
ca,cln a re due to one and the same ferment. However, they also find that 
bacteria produce various amounts of proteolytic ferments and that these fer
nn •m differ somewhat in their action; but that these differences depend not 
<o much on the bacteria as on the conditions and environment under which 

the cnzymes are produced. 
By the use of blood agar Eijkmann' demonstrated an enzyme liberated by 

B. diphtheriae which was hemolytic but not proteolytic; and one liberated 
b} a coccus from the air which digested gelatin but did not affect hemoglobin. 
To account for these differences he suggests several possibilities: ( 1) That 
different kinds of proteolytic enzymes exist, one of which will most readily 
act on blood and another on gelatin and (2) that some metabolic products of 
the bacteria other than the ferments are responsible for some of the actions. 
The latter possibility is one which has not been mentioned by any other 
workers and is decidedly the less probable of the two. He also utilized agar
elastin plates and on these observed the action of an enzyme that seemed to 
him identical with "the peptonizing ferment which liquefies gelatin." But, 
he states that there was always some incongruity in the clearing of the 
eJaqin and the liquefaction of the gelatin. This is exactly what one should 
expect, since gelatin and elastin though very closely related chemically are 

nevertheless not identical. 
Mavrojannis,' working with 8 types of bacteria, found that 5 of these 

digested gelatin to the stage of gelatoses; while the other 3 would carry 
them through to gelato-peptones. The gelatoses can be resolidified by meam 
nf formol while the gelato-peptones are unaffected by it. From these results 
he concluded that at least two kinds of ferments were responsible for the 
breaking down of gelatin, and that each of the e was specific. These results, 
however, were soon refuted by Bogoluboff" and Tiraboschi ;" but the work 
remains of some value because it helped to stimulate other investigations 
along the same lines. The latter authors found that the production of gelatoses 
or of gelato-peptones depends not so much on the type of ferment as on the 
temperature, the reaction of the medium, and the length of time which the 

ferments are allowed to act. 

' Centralhl. f . Bakteriol., 1913, I, 0., 68, p. 433; 1913, 69, p. 465 . 
' Centralbl. f. Bakteriol., I. 0., 1905, 39, p. 353. 
7 Centralbl. f. Bakteriol., I, 1901, 1, p. 841. 
1 Compt. rend. Soc. de bioi., 1903, 55, p. 1605. 
• Bull. de l'Instit. Pasteur, 1907, 5, p. 429. 
·o Bull. de l'Instit. Pasteur, 1905, 3, p. 922. 
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The review of the literature shows a great diversity of ;-esults and 
conclusions, but gives the general impression that proteolytic enzymes 
are probably not specific. Still such a conception leaves unexplained 
some of the phenomena which these enzymes often exhibit. The 
statement is frequently encountered that the conditions and environ
ment greatly influence the formation and properties of bacterial 
enzymes. Of all the factors that are included under the cooditions and 
environment of enzyme formation, the composition of the medium is 
probably the most i~portant. 

In this connection the question suggests itself as to whether enzymes 
are preformed in the bacterial cell or whether they are produced by 
the organi m only when the need for them arises. From our knowl
edge of vital proce ses in general it seems more probable that the 
bacterial cell should be endowed with the ability to elaborate ferments 
than that it should be a storehouse for the many ferments of which 
it has need at one time or another; or even that it should form all the 
ferments within its power each time that there is need for any one 
of them. The work of Jonesn substantiates this view by showing 
that B. proteus will not form gelatinases on gelatin when any glucose 
is present; but that as soon as the glucose has been used up the 
gelatinases appear. This would indicate that the ferments are not 
preformed in the bacterial cell, but that they are elaborated in response 
to need. Such a concept would further suggest that the many different 
kinds of nitrogenous mediums would probably stimulate the production 
of more than one type of enzyme. For example, it does not seem 
probable that an amino-acid and a highly complex protein would call 
forth the production of identical ferments . The present investigation 
wa undertaken to determine, if po ible, the extent of the influence 
of mediums on ferment production. 

TEcH ·rc 

The cultures to be tudied for proteolytic enzymes were incubated at 
37 C. for a period of 8 days. At the end of this time they were filtered 
through a sterile Berkefeld filter and 0.5 c c of the filtrate was added to 
sterile gelatin and sterile casein solution. Control tubes were made in each 
case for compa~iso~; and te ts as to the sterility always made, all filtrates 
showing contammat~on being discarded. 

The gelatin medtums used to test for proteolysis contained meat-infusion 
broth and lS'{o of gelatin. To several tubes of this in the hardened form 
was added a portion of each filtrate and the tubes were placed in an incu
bator at 20 C. Several other tubes of gelatin were liquefied before the 

u Jour. Infect. Dis., 1916, 19, p. 33. 
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fi ltrate was added and then placed in an incubator at 37 C. Liquefaction in 
the latter case was determined by placing the tubes in ice water until the 
controls hardened. The results obtained by both methods coincided in every 
case. although the action was more rapid at the higher temperature. 

·The casein solution was made up according to the method of Fiild and 
Gross." Ten gm. of Merck casein were dissolved in 100 c c of 10% Na,CO, 
solution, enough 10o/o HCI added to just neutralize it and the volume made up 
to 500 c c with physiologic salt solution. The whole was then filtered, and 
diluted with physiologic salt solution until the medium showed a definite 
clouding on the addition of acetic acid, but no heavy precpitate . . This was 
placed in small test tubes, 5 c c to a tube, and sterilized. To test for enzymes 
0.5 c c oi the filtrate under examination was added to each of several tubes 
and incubated for 24 hours, after which undigested casein was determined 
by the addition of 0.2 c c of a solution of 45 parts of 90o/o alcohol, 5 parts 
oi glacial acetic acid, and SO parts of distilled water. The absence of any 
precipitate indicated that all the casein had been digested. With each tube 
of casein a control was run for comparison. 

Various methods have been utilized for the detection of gelatinases in 
bacterial cultures. Of these, probably the most widely used is the carbol
gelatin method in which 0.5 c c of the culture to be tested is added to a 
tube of gelatin containing 5% carbolic acid. This is supposed to prevent 
the growth of the bacteria but to have no influence on the action of the 
enzymes. Eijkmann'• separates the enzymes from the bacteria by dialysis 
through agar, but the method seems impracticable when carrying out a large 
number of tests. Another method widely used is the one which gave the 
best results in our hands, namely, the separation of the .enzymes from the 
bacteria by the filtration of the culture through a sterile Berkefeld filter. 
The method is laborious but, when properly carried out, very satisfactory. 

Concerning the time at which the proteolytic activity of a culture is at 
its maximum, different views can be found. Von Gri:ier" states that the most 
gelatinases of B. prodigiosus are found in a culture 3 weeks old. Malfitano 
and Strada" found that on agar slants the proteases increase up to 24 hours 
and then decline. Mesernitsky10 agrees with the work of Von Gri:ier on 
B. prodigiosus in finding that the gelatinases appear at the beginning of the 
6th day and increase up to the 21st day. Bertiau" working with B. pyocyaneus 
and B. subtilis concluded that notable ferments exist in broth cultures at the 
end of 2 days and increase up to the 8th day, after which they decrease slowly. 
In our work all cultures were tested at the end of 8 days and, in case of 
negative results, were tested again after a greater length of time, but never 
did positive results appear in cultures which were negative at the 8th day. 

EXPERIMENTS AND RESuLTS 

The content of the mediums on which the organi ms were grown 
was varied in order to determine what effect this would have on 
enzyme production. Gelatin itself was fir t tried and proteolytic 

" Cited by Marras (Centralbl. f. Balcteriol., I, 0., I914, 74. p. 505). 
" Centralbl. f. Bakteriol., I, 0., I904, 35, p. 1. 
" Biochem. Ztscbr., 19I2, 38, p. 252. 
" Compt. rend. Soc. de bioi., 1905, 59, pp. I20, I95 and I97. 
10 Biochem. Ztscbr. , 1910, 29, p. I04. 
" Centralbl. f. Bakteriol., I, 0., 19I4, 74, p. 374. 
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enzyme were found to be produced by each of ~he organi ms used. 
The· enzymes, however, were not pecific gelatina e becau e, although 
they liquefied gelatin rapidly, they al o promptly digested the casein. 
Thi · agree with the findings of De \Vaele and Vandevelde6 and 
other . and i the ba i for orne of the conclusion as to the identity 
of gelatina. c~ and ca ca. e . 

\\hen the bacteria were grown on the ca ein solution, protea e 
were again obtained which attacked both gelatin· and casein and, with 
the qualitative method. employed, no difference between the activity 
of the ferment and the on obtained from the gelatin mediums 
wa apparen . llowc\·er, later experim nt lead us to conclude that 
with more accurate method for the quantitative estimation of pro
teolv i · . ome differences will \·ery probably be found. The filtrates 
fro~1 culture on meat-extract and m at-infu ion both likewi e were 
found to contain ferment. which would rapidly clio-est both gelatin 
and ca cin. 

After obtainin appar ntly identical ferm nt from thee everal 
medium , all of which contained num rou · complex protein , the 
other c. ·trcm wa re orted to, that i .• a medium wa utilized which 
contained no organic nitrog'n. It i one which Magoon' recommend 
for the culti\ ation of tub rcle bacilli and on which all of the common 
bacteria will u. ually ~row well. It i made up a follow : 

Ammonium pho phatc. diha ic. · • · · ... ·......... 1.75 gm. 
Pota ium pho phatc, diba ic ... · · · · · · · · · . . . 0.2· gm . 
• odium pho phat , diba ic .... · · · · · · · · · · ·• . . . . • . . 0.50 gm . 
• Iagnc ium ulphate ........... · ... • .. .. .. . .. . .. 0.50 gm. 

lyccrol •..•.••••..•..•...• • • • • • · • • • · · · • . . . . . . . . 20.00 c c. 
Di tilled ''at ·r q . ad • . .. • .. • • ........ 1,000.00 c c. 

\\hen all of the . alt are di ohed, thi i . terilized by fractional 
erilization. after \ ·hich it may be kept indefinitely and used a 

de ir d. Although thi m dium, due to h pre ·ence of the glycerin, 
i. not trictly inor anic it \·ill be call d an ' inorganic medium" in thi 
paper for th ake of brevity. 

\\ h n inoculated into thi m dium, "hich had been placed in mall 
fla k , 100 c c o a fla k, the organi m all developed rapidly and 
wi hin a fe\ • da · a heavy growth wa o tained. t the end of 
day a portion from each fla k wa filtered and the sterile filtrate 
add d to gelatin and to ca ein .olution a e cribed. But on incuba-

n \\'a binsrton ricultural E pcrimen "' tion, Butt. 132. 
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tion no digestion occurred in any of the tubes. Other portions of the 
cultures were filtered and tested at 14 and 21 days, but in no case were 
any enzymes obtained which would attack either the gelatin or the 
casein. 

By means of the next experiments it was hoped to determine how 
close to gelatin and casein in chemical composition the mediums would 
have to be to stimulate the production of gelatinases and caseases. 
With this object in view peptone was added to the above described 
medium in a quantity sufficient to make a 1% solution. On this 
medium the organisms all grew vigorously, and it was found that they 
produced enzymes which would digest both gelatin and casein. 

This showed the necessity for utilizing some substances still more 
simple as sources of organic nitrogen and, as asparagin is frequently 
u ed in nonprotein mediums, it was next tried, enough of it being 
added to the original medium to make a 1% solution. On this the 
bacteria showed rapid development and in the filtrates from the cul
tures enzymes were found to be present which both liquefied the 
gelatin and digested the casein, and with apparently equal rapidity. 

These results led us to study the literature on the chemical compo
sition of gelatin and casein by Fischer, Abderhalden and others. 
According to Matthews/9 in addition to variou percentages of most 
of the amino-acids, both of the above proteins contain aspartic acid, 
gelatin 0.56% and ca ein 1.4%. Gelatin also contains 16.5% glycocoll 
and casein none, while casein contains 4.5 % tyrosin and 1.5% tryp
tophan and gelatin contains neither. Of these amino-acids tryptophan 
was not available, but glycocoll and tyrosin were utilized for our experi
ments, 1% solutions of each being made up with the "inorganic 
medium" as a base. · 

In the mediums containing glycocoll each of the 3 organisms were 
allowed to develop as in previous experiments but growth was found 
to be more slow. However, after several days a vigorous growth 
appeared in each of the flasks, and at the end of 8 days the cultures 
were filtered and portions of the filtrates tested for enzymes in the 
manner already described. Each one of these filtrates from the 
mediums containing glycocoll showed marked liquefaction of gelatin, 
but had no action on the casein. The rate of the liquefaction of the 
gelatin was also marked, being noticeably more rapid than that caused 
by the filtrates from any of the medium previously u ed, even from 

11 Physiological Chemi lr)', 1916. 
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gelatin itself. But on the casein solution there was no action, even 
when allowed tq remain in the incubator for several days. Other 
samples from these cultures were filtered and tested at various inter
vals up to 3 weeks, but the results obtained were always the same. 

On the mediums containing the 1% of tyrosin growth was more 
rapid but the filtrates less active. In the tubes of gelatin, which were 
inoculated with' filtrates from this medium, there was absolutely no 
evidence of liquefaction, either at 20 C. or at 37 C.; but in the casein 
solutions there was quite marked digestion by the filtrates from the 
cultures of each of the organisms. This digestion, altho not so rapid 
as that caused by trypsin, was apparently of about the same intensity 
a that obtained with the filtrates from broth, gelatin, peptone and 
aspa ragin. 

In tabular form the e results appear as follows: 

TABLE 1 

RESULTS OF EXPERDIEXTS WITH YA R10t:S )!EDit;~fS TO DETER~fiNE ENZYME PRODUCTION 

Source of Enzymes 
Liquefaction Digestion 
of Gelatin of Cas~in 

Gelatin : 
B. pyocyaneus ... . ... · · · · ............... . . ... . 
B. prodigiosus ...•. . ........ . .. ............... 
B . subtilis ......... · . ..... · ....... . . ...•...... 

Broth: 
B. pyocyaneus ....................••.......... 

~: ~~'b1;\f~os~~ .. : : : :::::: :::: : : : : : :: :: : : :: : : : : : : 
Agar slant: 

!: ~!i~Ii~~~~~ .. : : : : ::: :: :::: : : : : : : :: ::::: :: :: : : 
"Inorganic mediums": 

B. pyocyaneus ....................... . .. .. ... . 
B. prod•~iosus ......•.... ... .......•.......... 
B. subtihs .....................•...•... .. .. . .. 

1% :J3~P~~~~;aneus ............ •. .•................ 
B. prod1giosus ......•.... ... ............. • .. . . 
B. subtilis ......... ...•.. .......... • .• •.. . .. . . 

1% asparagin: 
B. pyocyaneus . . .... • · · · · · · · .... ...•..•. ...... 

~: ~~'bt;'l~~os~~ .. : :: : :: :: : :::: :: : : : : : : : : : :: : :: : : : 
1% H.1Y;~~~~~neus .....•... •. ..................... 

:: ~~b~i\fsos~~ .. : ::: ::: :: : :: :: : : : : : : : : :: : ::: ::: : 
1% tyrosin : 

B. pyocyaneus •.... • · · · • · · · · · · · . .. .. .... ..... . 

: : ~~b~i1~!os~~ .• : ::: ::: :::::::::: : : : ·. :: : : :: :: ·.: : 

DISCt;SSION OF RESULTS 

+ + + + + + 
+ + + + + + 
+ + + + + + 
0 0 
0 0 
0 0 

+ + + + + + 
+ + + + + + 
+ 0 
+ 0 
+ 0 

0 + 0 + 0 + 

The fact that non pecific protea es can be obtained from cultures 
on gelatin, casein and nutrient broth has frequently been mentioned 
and is of no special significance in this paper, except to show the basis 
for most of the conclusions as to the identity of proteolytic enzymes. 
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These conclusions seem perfec~ly logical in view of such results, and 
the ones reached by us would have been very similar, had not experi
ments with other mediums thrown further light on the subject. 

The finding of no gelatinases or caseases on mediums containing 
no organic nitrogen at first appears contradictory to the findings of 
some other writers, notably Jordan/0 Aubel and Colin,21 and Abbott 
and Gildersleeve.22 But, on close investigation of their work, one 
finds that the "nonprotein" mediums of which they write always con
tain organic nitrogen in one form or another. Jordan, for example, 
in his experiments varies the salt content of the mediums, but in each 
case asparagin is found to be present. Aubel and Colin use asparagin 
or ammonium aspartate as the source of nitrogen. With such findings 
we can well agree, but on mediums containing no organic nitrogen we 
are forced to conclude that enzym~s are not liberated by the bacteria. 
These results seem significant in the study of enzyme formation and 
furnish further evidence that bacterial enzymes are not preformed in 
the cell but are manufactured by the organism as the need for them 
arises. 

The formation of both gelatinases and caseases on the mediums 
containing 1% of peptone is not surprising and has very little signifi
cance because peptone is a substance of rather indefinite chemical 
composition, which is found as an intermediate step in the breaking 
down of all proteins. For this reason, if it stimulated the production 
of any proteases at all, these would be expected to attack one protein 
as well as any other. 

With asparagin as a source of nitrogen the production of gel
atinases and caseases at first seems surprising and appears as another 
argument against the specificity. of proteases. It is one which has been 
mentioned in the literature and would be a strong one were it not for 
the fact that asparagin is an amin of asparatic acid which is present in 
both gelatin and casein. Thus, proteolytic enzymes formed on medi
ums containing asparagin as a source of nitrogen might be expected 
to attack casein as well a gelatin. In regard to enzyme production in 
mediums containing inorganic salts plus asparagin, Jordan20 states 
that the enzyme are produced in ju t as large amounts as they are in 
gelatin or in broth, but that a longer time is necessary. Our results, 
although not quantitative, eem to agree with this. 

"' Biol. studies of pupils of \V. T. Sedgwick, Boston, 1906, p. 124. 
21 Compt. Tend Soc. de biol., 1913, 74. p. 790. 
" JouT. :\fed. R esearch, 1903, 10, p. 42. 
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As to the nature of this enzyme our work merely shows that it is 
proteolytic, digesting both gelatin and ·casein. Effront and Ehrlich/3 

however, inoculated solutions of asparagin with yeast and obtained 
ammoniacal nitrogen. The filtrates of such cultures also had the 
property of breaking down asparagin and the amount transformed 
was proportionate to the time. This signified to them that amidase is 
formed which is responsible for the action. On the other hand, 
\Valker and KendalJ,2• after studying the proteolytic enzymes of 
B. proteus, conclude that the one which liquefies gelatin is in a sense 
at least a preparatory one, preparing the protein for assimilation and 
that "deaminization is an independent phenomenon, associated with 
the intracellular utilization of the products of proteolysis." This work 
makes it appear as though there must be two enzymes formed on 
a paragin. but it i the proteolytic enzyme rather than the deaminizing 
one with which we are interested. 

On glycocoll we found growth to be less vigorous than on the 
other mediums. This agrees with the observations of Bielecki25 who 
found that bacteria will grow better on asparagin than on any of the 
other amino-acids which he investigated, but that some development is 
obtained on all. Franzen and Egger26 also found that of asparagin, 
alanin, and glycocoll, asparagin forms the best source of nitrogen for 
B. prodigiosus, while the least growth is obtained on glycocoll. The 
enzymes obtained from this medium were very marked in their action, 
the gelatin being liquefied with surprising rapidity and the casein 
remaining unchanged. 

On the mediums containing tyrosin the results were just as strik
ing, the gelatin showing absolutely no liquefaction while the casein was 
progressively digested. The re ults seem quite significant in view of 
the fact that gelatin contains glycocoll but no tyrosin, while casein 
contains tyrosin but no glycocoll. 

The ultilization in a similar manner of other amino-acids, particu
larly tryptophan, would doubtless further demonstrate this point but, 
due to the shortage of chemical in consequence of the present war, 
it has been impossible to obtain them for this piece of work However, 
the one which were used point very strongly toward the conclusion 
that the amino-acids play a very important part in the determination 
of specificity among proteolytic enzyme 

,. Compt. rend. Acad. de sc .. 1907, 146, p. 7i9. 
,. Jour. Infect. Dis., 1915, 17, p. 442 . 
., Compt. rend Soc. de biol., 1911, 70, p. 100. 
'" Centralbl. f. Bakteriol., I, Ref., 1915, 63, p. 49. 
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It is as yet hard to say just how comprehensive the conclusions 
should be which follow from such findings; but it appears that, on 
mediums containing no organic nitrogen, no proteolytic enzymes are 
formed, and that, on mediums containing but one amino-acid as a 
source of nitrogen, the enzymes which are formed will attack only 
proteins which contain that particular amino-acid. In other words, 
this enzyme seems specific for proteins containing that one amino
acid. Thus, the enzymes formed on most amino-acids tend to show 
very little specificity because the great majority of amino-acids, like 
aspartic acid, are present in practically all of the proteins. Also, the 
ferments, which are formed on mediums containing either many amino
acids or a few more complex nitrogenous compounds, would have the 
ability to attack large numbers of proteins, thus appearing to be entirely 
without specificity. 

Experiments similar to the ones described in the foregoing are 
apparently unmentioned in the literature. Consequently the results 
may offer a new foundation on which to base our ideas as to the 
specificity of bacterial proteolytic enzymes. That these enzymes are 
not specific for individual proteins has been the opinion of many 
reliable workers and yet the conclusion that one and the same enzyme 
breaks down all proteins does not follow from their work. They also 
state a priori that it is unreasonable to assume for each protein and 
protein derivative a special enzyme. The results of our experiments 
do not contradict this. They indicate rather that the number of 
ferments which a bacterial cell can liberate is limited and depends on 
the amino-acids present. 

As to whether the amino-acids in the free and in the combined state 
exert the same influence on enzyme production has not yet been 
established. The results obtained by growing the bacteria on the usual 
protein mediums do not lead to definite conclusions concerning this 
point because one cannot be certain that these proteins do not contain 
some free amino-acids, particularly after having been exposed to the 
high temperatures neces ary for sterilization. Some experiments at 
this laboratory to determine this point are as yet unfinished, but it is 
hoped that they may eventually throw some light on the subject. The 
method employed i a follow : Sterile gelatin is subjected under 
sterile conditions to dialysi for a time sufficient to remove from it all 
crystalloid ubstances. Then sterile alt solution is added to give the 
de ired salt concentration and it is inoculated with bacteria which have 
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first been transplanted several times on the mediums containing no 
organic nitrogen. The object of these transplants is to obviate the 
possibility of carrying any amino-acids or fer:ments onto the gelatin 
along with the bacteria. As can easily be seen, the difficulties in 
carrying out this technic are great and as yet no satisfactory results 
have been obtained. However, by a technic such as this we hope to 
procure some further definite information as to whether pure proteins 
stimulate the production of enzymes. This would confirm the work 
of Sperry and Rettger,27 who found that pure egg albumin, serum 
albumin, and edestin were unattacked by a variety of proteolytic bac
teria in the absence of other organic sources of nitrogen. 

But, whatever the results of this experiment may prove to be, the 
conclusions from those already completed will be unaffected, namely, 
that the amino-acids are important factors in the determination of the 
nature of the enzymes which are formed, and that these enzymes are 
probably not specific for the proteins but rather for the amino-acids 
which go to make them up. 

In regard to the enzymes formed on complex proteins several pos
sibilities suggest themselves: ( 1) that only one enzyme is formed, and 
that thi is modified by the presence of the Yarious amino-acids so as 
to attack them all, or (2) that a eparate enzyme is formed to corre
spond to each amino-acid present, and that the e different enzymes are 
present approximately in the same proportion a the amino-acids which 
stimulated their formation. From our work the latter possibility seems 
the more probable, although none of the result show this conclusively. 

·with such result as a basis, we may be able to modify somewhat 
our idea of the formation and the action of bacterial proteolytic 
enzymes. Fir t of all, the enzymes are dependent on some inherent 
property of the organisms themselves. This is evident from the fact 
that some bacteria do not have the ability to form certain ferments, 
no matter on what medium or under what conditions they are culti
vated. For example, B. typhosus and B. dysenteriae, etc., have never 
been known to form gelatinolytic nor ca einolytic enzymes, and, 
although B. coli produces an enzyme which will form indo! from 
peptone, it liberate none which will attack gelatin. 

A second factor, or group of factors, which influences enzyme. 
formation may be called general condition . This includes the tem
perature, the reaction of the medium, the time of growth, etc., all of 

" Jour. Bioi. Chern., 1915, 20. p. 445. 
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which have a greater or less effect on the production of enzymes by 
bacteria, and on which much exhaustive work has been done by such 
men as Kendall, Von Groer, Jordan, Abbott and Gildersleeve, Bertiau, 
Emmerick, Fermi, etc. Their work show that in the formation of 
enzymes there is for each organism a maximum, minimum and opti
mum temperature, and that in most cases the optimum is about 37 C. 
The optimum chemical reaction is also variable, a very slightly alkaline 
medium seeming best for the production of most enzymes. However, 
as they will act nearly as well in a neutral or slightly acid medium, 
this point seems to be of no great importance. The quantity of 
enzymes present in cultures of different ages has been discussed earlier 
in this paper. All of these observation , although of importance in 
the study of enzymes, show differences of quality only and so are not 
particularly pertinent to this que tion, for which reason they will not 
be discussed in greater detail. 

A third and mo t important factor in determining the character of 
the enzymes produced i the composition of the medium on which they 
are formed. This is demonstrated by the experiments reviewed in this 
paper, the results of which may be put in general terms as follows: 
If a protein medium is inoculated with an organism which has the 
ability to form ferments to correspond to a large number of amino
acids, enzymes which will attack practically any protein can be obtained 
from the culture. This may be due to the fact that, apparently at 
least, ferments are formed to correspond to all of the amino-acids 
pre ent, and that these ferments then attack the acids in whatever 
form they find them. On mediums containing less complex nitrogen
ous substances or only amino-acids the same bacteria will give off 
ferments to correspond only to the amino-acids present, and these 
ferments will attack only substances containing these same acids. 
The vigor with which they will attack the e substances eems to 
depend on the relative amino-acid content of the medium on which 
they are formed and that on which they act, namely, if the medium on 
which the enzymes are formed contains only asparagin and glycocoll 
and the medium on which they are inoculated contains only a small 
percentage of one or the other, the digestive action will be much less 
marked than it would be if the protein medium contained more of one 
or both of the ame acids. That i , the amino-acid content of the 
medium determine the specificity of the enzymes formed~ 
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On the basis of the e findings it seems that many of the so-called 
"irregularities of bacterial action" may be explained. Every bac
teriologist finds organisms which, although corresponding according to 
morphology and pathogenicity to known types, show some "irregu
larity" in their action on culture mediums. Later, on a different lot 
of mediums or possibly at a different laboratory, the same organism 
may show the action on culture mediums which was previously 
expected, and the worker, at a loss for an explanation, concludes that 
it is merely another example of the "irregularity of bacterial action." 
Occasionally there may be some truth to this conclusion, but probably 
very often this "irregularity" would never have appeared if the chem
ical composition of mediums were always the same. 

These same observations of the effect of mediums on bacterial 
ferment will probably furnish an explanation for many of the "new 
strains" of bacteria which are described, but are never verified by 
other workers. They usually differ from well established strains only 
in some minor points, and slight differences in the chemical composi
tion of the mediums on which they are grown could well account for 
these. 

Another phenomenon for which this conception of ferment activity 
seems to offer an explanation i the apparent incongruity of the action 
of some bacteria on mediums. For example, B. proteus and B. sub
tilis are well known to be strongly proteolytic and exhibit typical pro
teolytic actions, uch as the liquefaction of gelatin and the formation 
of indo!. On the other hand, B. coli and some of the dysentery group, 
although without action on gelatin, still form indo! in large amounts 
from peptone. The e organisms are not considered proteolytic and 
yet they unque tionably exhibit proteolytic activity when they split 
off tryptophan from peptone and then break down the tryptophan 
itself to form indo!. If we accept the theory that all proteolytic 
enzymes are the ame, we mu t expect these organisms which show 
proteoly is on peptone to liquefy gelatin. On the other hand, if we 
consider thi in view of the finding given in this paper, the action does 
not appear at all surpri ing. Here are several organisms which have 
the inherent ability to form enzyme which will attack only one amino
acid and that is tryptophan. And in peptone we have a protein deriva
tive which contain tryptophan, while gelatin is a protein in which no 
tryptophan .is pre ent. The explanation is self evident on this basis . 

• 
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CONCLUSIOKS 

On a medium containing no organic nitrogen, no proteolytic 
enzymes are formed by bacteria. 

On gelatin, casein, broth, agar, and peptone enzymes are formed 
which will digest both gelatin and casein. 

The ferments obtained from mediums containing amino-acids as 
the only source of organic nitrogen show various actions. The ones 
from asparagin digest both gelatin and casein; on glycocoll, no caseases 
are liberated; and on tyrosin, no gelatinases. 

Proteolytic enzymes are apparently formed to correspond to the 
different amino-acids present in the medium and will then attack these 
acids whether combined or free. 

These enzymes are not preformed in the bacterial cell but are 
dependent on the content of the medium on which it grows. 

The specificity of proteolytic enzymes is resident in the amino-acids 
composing the proteins and not in the proteins themselves. 

Differences in the chemical constituents of mediums may account 
for many of the unverified "new strains" of bacteria, the differentia
tion of which is based on some minor phase of their action on culture 
mediums. 

Reprinted from 
Tm: Jot·R:-;At. or lxFECTlOt:S DISE.\SES. Vol. 2-l. ~o. -l , April, 1919. pp. 347-361 


	00001
	00002
	00003
	00004
	00005
	00006
	00007
	00008
	00009
	00010
	00011
	00012
	00013
	00014
	00015
	00016
	00017
	00018

