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Hence we get as conditions fol' the possibility of tbe OCCl1rrél1éè 
of barotropic phenomena: 

The second component must have: Tk, small compared with Tkll 
and by preference also: M, > MI and b22JlI < bllM• 

This becomes still clearer by the application of equations (2) and, 
(4) of Comm. ND. 79, April '02, p. 659: 

, , 
f]q-tpl 
---

MRT 
lCI = Ol!! e 

tp'q - tp'l = \ a~ dpm _ 1 PI/! (v!! - VI) 
},JRT I pm dT (j \ MRT 

which determine the ratio of the concentrations of gas and liquid 
phases of a binal')' mixture in whieh thc quantity of one component 
is 8111 all , if the law of the C'orresponding states may be applied. 
The connodal tangent chol'd will rar\iclly detlect from the side [IJ = 0, 
if the exponent of e assumes a considerabIe negative value. The 

1 (dT) greatest influence on this exerts Cl = -1' d ~k ,on account of 
lq .V x=o 

T dp,~ , 
the vaille of the coefficient pm dl' (> 7) ; SO Tk~ willluwe to be small 

'f 1 dVxl. 
with respect to Tk1 • The influence ot' {j = a - y, 1 Y = - --

Vk1 dm 
(cf. Comm. ND. 81, Oct. '02 p. 325) is only of secondary importance. 
To tend at least in the right direction, y would have to be negative, 
so b2:!M < bmI l

). 

, 
Physiology. - "An invest~qation of Mr. J. W. A. GEWIN, on the 

1'elation of pepsin to chymosin." By Prof. C. A. PEKELHARING. 

That gastric juice possesses the power, on the one hand to digest 
proteins nnder acid l'eaction, on thc othc1' hand, to cUl'dIe milk l1l1del' 
neutral Ol' scarcely acid l'eaction, is generally attributed to the pres
ence of two different enzymes in the gustric juice, viz. pepsin and 
chymosin. This opinion is chiefly based upon an observution of 
HAMMARSTEN, who wus the first to throw light on the changes that 
take pI ace in milk when it is coagulated by means of rennet. 
HAMMARSTEN found that an extract from thc mucous membrane of 
the stomach, which, when prepul'ed f1'esh, cOllld digest pl'oteins as well 

1) The more elaborate mathematical treatment of the eonditions for the oeeurrenee 
of barotropie phenomena, as sequel to Comm. N0. 96c, will be postponecl till 
further experiments eaU fol' a further discus sion. 
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as èurdle milk, aftel' having been digested for a few days with hyc1l'o
chlo1'ic acid at a tempel'atllre of 37° 0., no longer showed the action 
of rennet, but had pl'eserved its peptic action. From tbis it cOllld 
not but follow that each of these actions depended upon a separate 
agent. 

Meantime doubts have gr<l,dllally al'isen as to the co1'l'ectness of this 
Opll1lOn. That there must at any rate be a very close connection 
between the pJ'oteolytic action of pepsin and the enzym of ljlnnet, 
was made probable by the expel'ience that all enzym-solutions with 
a proteolytic action, no matter whether they are of animal Ol' of 
vegetable ol'igin, can also art hke l'en net. And, as I commllnicated 
some yeals ago in this Academy, and as was aftenvards cOl'l'obornted 
Dy NENCKI and SIEB1R, it could alsu be p1'oved tbat all kinds of 
prepal'ations of pepsin, also when a long digestion with hydl'ochloric 
acid and a purification as Cal'eflll as possible had pl'eceded, are able 
to act like rennet. 

In 1904 there appeared an investigation by PAWLOW and PARAST
SCHUK 1), in whirh theJ' demonstrated that pepsin and chymosin must 
be considel'ed as the same substanre. These investigators found that 
in different liquids contaimng enzym not only the proteolytic and 
the cllrdling power are always found side by side, but that also a 
proportionately gl'eater curdling power corresponds to a greater 
proteolytic action. That this is not found in some enzym-solutions 
of Cûmmel'ce appeared to be owing to the pretlence of othel' sub
stances; as soon as their effect was destl'oyed, the proportionality 
came to light. A solution of rennet, according to HAIIIl\fARSTEN 

.prepal'ed by means of carbonate of magnesia from gastric juice, 
whieh, in his opinion, no longer conbüned any pepsin at all, appeared 
to be a very good digester of albumen, _ if only tbe noxious influcnce 
of magnesia,-salts was taken away. No more was it proved by 
HAlIfl\fARSTEN, - as PAWLOW explained - that a pepsin-soilltion call be 
freed from rennet by digestion with hydrochlol'ie acid, as the pl'O
teolytic nction had been eÀaminecl, w111113 the liqnid still had an acid 
reaction; the curdling ae1iol1, on the othel' h.:tncl, aftel' neutl':1lization, 
by wbich the enzym might. be easily destrogecl. 

Against PAWJ.OW's cxpJanation ob,jeetions have been raisecl. Espeeially 
two Swedish investigators, BANG~) and SUHl\IlDT-NmIJSEN 3), have 
defended HAlI1l\IARSTEN'S point of view. Tbe investigation of Mr. GEWIN 

1) Zeitschr. f PhysioI. Chemie, Bd. XLI!, S. 415. 
2) Zeitbchl' f. Physiol Chemie, Bd. XLIlI, S. 31)8. 
3) Ibid. Bd. XLVIII, S. 92. ~ 
4) PFLÜGER'S Archiv. Bd. LXXIX, S. 425. 
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refers pl'incipally 10 the grollnds alleged by these two authors for 
the dllality-hypothesis. 

In the fil'st place he has occupiecl lllmself with an inquiry into 
the cUl'l'eciness of the conrlusion previollsly cll'awn by BANG 4) from 
a number of experiments, that th ere is 110t only a difference between 
pepsin and rennet, bnt also that even the enzym of rennet does not 
possess the same qualities in different kinds of animals. BANG con
tinued io apply the old name, chymosin, to the enzym of rennet, 
as it is found in the calf. From thi!:, he distinguished by the name 
of parachymo~in the enzym that can be got from the mucous mem
brane of the pig-siomach. The diffcrence showecl itself in the fact 
tlmt pal'achymosin, when diluted, became soone1' inactive than chy
mosin, that it showed a gl'eater activity by the addition of chlor
calcium, was more proof against heating to 70° C. and less sa against \ 
the action of alkali. 

With reference to extracts from the mucous membrane of the 
stomach of calf or pig GEWIN could corroborate these differences; 
only he did 110t find the difference in the promotion of the activity 
by ad ding chlol'calcium as important as BANG. Rowever, it was a 
different thing, if not the extracts themselves wel'e examined bnt the 
enzym extracted therefrom by dialysis, and purified as much as 
possible in the way fo1'merly communicated by me. The befter the 
purification had taken pI ace, the smaller the difference became. The 
extract from the mucous membrane of the calf-stomach loses its. 
power to cUl'dle milk when, neutralized, it is heated for 10 minlltes 
to 70° 0.; howevel', its power is but little reduced, if it is mixed 
with caustic soda to 0.01 Oio and neutralized again aftel' half an hoU!'. 
With the extract of the mUCOUi:i membrane of a pig-stomach it is just 
the 1'eve1'so. With the enzym of the calf, purified as much as possible, 
the resistance against hoating appeared to have become great, against 
alkali small. ,From tbis it must therefore be declucecl that the dif
ference does not lie in ihe enzym itself, but that it is caused by 
other substances occurring in the extract. Indeed, it could be proved 
experimentally that the extract from tlle membrane of the calf-stomach 
contains substances which protect the enzym against the action of 
alkali, but make it the more sensitive to heat. Of a solution of 
purified pig-enzym (which possesses the qualities of BANG'S para
chymosin) one half WHIS diluted with water, the other with an 
ex.tract from the mucous membrane of a calf-stomach, which extract 
had been deprived of all enzym by heating it for one hour ~o 80° C: 
and then neutralized. Of both solutions 2 cc. mixed with 8 cc. of 
milk caused curdling in 30 sec. A part of eac~ was heated for 
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10 Ininutes to 70° 0., anothel' part for half' an hour left in contact 
wUh 0.01 010 Na HO and then neutralized again. Now the result was: 

, I Aftel' heating I Aftel' action of alkali 
2 cc. enzym with water + 8 cc. mille curdling in 21/2 min. DO curdling 
2" " "extract + 8" " na curdling curdling in 11 min. 

GEWIN a1so examined two rennet-preparations of commerce, one 
Dutch of VAN HASSELT and one Danish of HANSEN. Both showed the 
qualities of BANG'S chymosin. But when, by dialysis and precipitation 
with acetie acid, the enzym had been isolated and at least for the 
greater· part been freed from impurities, they had beeome much more 
susceptible to alkali and much less so to heatil1g. 

That the enzym is destroyed not only by alkaline, but gradllally 
a1so by neutral reaction has been made clear by PAWLOW and 
corroborated by GEWIN in numerous expel'unents. From this GEWIN 
exp1ains the difference fOllnd by BANG between chymosin and para
chymosin, the solution being diluted. W.hat BANG caUs chymosin is 
the enzym mixed with substa,nces protectlng it from alkali. When 
those substances are present, it may be assumed that the enzym is 
better pl'oof against the dilution with water, hy whjch the numbel' 
of hydroxyl- and metal-ions increases. A solution of purified enzym 
(parachymosin), possessing the same curdling power as a not purified 
solution of calf-enzym (chymosin), shows, wh en diluted, S0011e1\ a 
decrease in action, and eonsequently must, a1so 800ner, show the 

. promoting influence of the addition of chlol'calcium. 
So there is no 1'ea80n for assuming different rennet-enzymes in 

different kinds of animaIs. The difference does not lie in the enzym 
but in other substances originating from the mucous membrane ofthe 
stomaeh. If it is necessary to give a separate name to the enzym ot' 
the gastric juice that can cUl'dle milk, it is sufficieni to use the word 
chymosin for it. ~ 

But is even tbis necessal'y? Should it be assumed that chymosin 
is different from pepsin? 

To t11e solution of thi.s question GEWIN !las devoted the second 
part of his investigation. It was tried in vain to divide the enzym 
into a proteolytic and a curdling part. It is a well-known fact that 
proteïns, undissolved and at a tempet'ature of 15° C. put into a 
pepsin-solution, take up and keep back this enzym, so that it is not 
to be separated from it by washing it out. Coagulated and mineed hen's 
albumen was put in a solution of purified pepsin in 0.2 °10 HOL 
Now, if chymosin were a different matter from pepsin, only the last 
mentioned would perhaps be extracted from the solution by the 
albumen. It appeared, however, that the liquid filtered from the 
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albumen aftel' some homs, had lost not only the peptic but a1so the 
curdling power. Indeed, the same negative res,uIt had al ready been 
al'rived at by JACOBY, who for these experiments did not use hen's 
albumen but caseine 1). 

In the serond p]ace it was examined whether a separation into two 
enzymes could be brought about by dialysis. When pepsin, dissolved 
in hydl'ochloric acid, is dialyzed against distilled water, it IS partly 
precipitateu, most completely at a low temperature, as soon as thë 
quantity of acid has gone down to about 0.02° 10 HOL Always, ho wever, 
a ronsidel'able part remains dissolved, which, with the aid of ammo
nium-sulfate - if the solution does not contain much albumose 
thl'ough 50% satnration with this salt - can be precipitated. If pepsin 
alld chymosin are different matters, it cannot be deemed improbablé 
that they also differ in solubility, that therefore the preripitate in 
the dialyser should contain more of either one or the othel' matter 
than the liquid filterec1 from it. Also in this "my, ho wever, a sepa
ration into two enzymes, did not succeed. 

SOHl\1IDT-NIELSEN, however, has communicated experiments fl'om 
which it appears that, thOl1gh Hot a complete, still a partial separation 
of pepsin and chymosin is possible. A strongly active extract from 
the mucous membrane of the calf-stomach, prepal'ed with hydrochloric 
acid, was c1ivided into two parts. One was pl'eserved at a low tem
pel'ature, the other at .370 O. Aftel' SOlIlE' days the heated part had 
for the gl'eater part lost its power to curdle rnilk, under a neutral 
l'eactioll i aL acid reaction, llOWeVel', pl'otcin was still stl'ongly digosted. 
Now both liquids were nel1lralizeu and the one not heated so much 
diluted that the curdling power had become as weak as that of the 
one beated. Aftel' that the two liquids were rendered equally acid 
with hydrochloric acid and digested with fibrine. The fibrine was 
much quickel' dissolvod by the he~ted liqnid than by the dlluted 
one, not heated. During the process of heating, therefore, the chymosin 
had been chiefly lost, the pepsin however not. 

This experiment would cel'tainly be convincing, if the neutralization 
had the same effect on the heated liquid as on the one not heated. 
This, however, is not the case. The extract contains substances 
protecting tbe enzym ti'om the action of alkali; a1so when no more 
of this is added than what is necessary to attain a neutral reaction. 
If the extract is preserved at a low tempel'ature, these substances 
l'emH,in fol' a long time undistul'bed, but if the acid extract is heated 
to 37' 0., they are destroyed. GEWIN has proved this by ample 
experiments, of which a detailed account is given elsewhere. At the 

1) Biochem. Zeitschr. Bd. I. S. 66. 
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a protein, provisionally called substance 0 by Miss VAN HERWImm:N. 
Not until the enzym has been able for a long time to intluence 
these sllbstances, does it form primary albumose from them. At 
the same time, howevel', the enzym also appeal'ed at neutral 
l'eactioJl to form from coagnlated albnmen primary albumose, though 
in a smaIl quantity. So thel'e is evel'y 1'eason to consider curdling 
of milk as a proof of the fil'st stage of pl'oteolysis. 

Taking this into consideration, it is not so wonderfnI, as it has 
been regal'ded, that all kinds of proteolytic enzymes possess the 
power of cUl'dling milk, thongh in natlll'al circumstances they nevel' 
come in contact with ca5elne. For then the peculial'ity is not to be 
sought for in the enzyme, but in the caseine, the splitting of whieh 
already ean be obsel'ved in a stage of the digestion, in which with 
othel' proteins altel'ation is 5till quite impel'ceptible. 

Physics. - "'Plte intensities of tlte components of spectral lines 
diviclecl by ma.qnetism". By Prof. P. ZEEMAN. 

If aspectral line is l'esolved into a triplet by the application 
of a magnetic fielel, the two outer components and the middle line 
wiU generally eliffel' in intensity. According to the elementary theol'Y 
of LORENTZ of the phenomenon of magnetic l'esolution there exists a 
simple l'elation between these iutensities. 

Let I 1 and 13 be the intensities of the ou tel' components and 1, 
tbat of the middle line then we may expect that 

(1) 

It has been often assel'led, that generally th is l'elation is not ful
filled, and that triplets frequently have in contradiction with (1) a 
weak middle line and stl'ong outer components. 

Really some cases 1) can be cited, in wllich the intensities differ 
from ~hat may be inferl'ecl from equation (1). In lHlmerous cases 
howevel' Ihis rontradiction is onl)' apparent, no attention having been 
paid to a circnmstanee presenti)' to be mentioned and not yet exa
mined in connexion with om present subject. 

In - tlle very important investigation hy RUNGl~ anel PASOHEN 2
) a 

calcspal' prism was placed before t1e tube placed iJl the mtl,gnetic 
field. By means of tl, qnat'tz lem the two images given by Lhe calc-

1) The, lincs exhibiting Lhc parLial polal'ization observeLl by EGOH01'1' ancl GCOHGICWSKY 

(CR 124, 125 18D7) ure meanL het e. 
~) C. RUNGC U. F. PASl:UCN Abh. del' BeLl. Abt!. Anhang. 1902. 

19 
Proceedings Royal Acad. Amsterdam. Vol. X. 


