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Chemistry. -- "Enzyme Action." By Dr. H. P. BARENDRECHT. 

(Communicated by Prof .. J. M. VAN BEl\IMELEN). 

(Communicated in the meeting of April 23, 1904.) 

The following is a preliminary communication of the writer's 
researches on enzyme actions during the last two years. 

From the commencement it has been the writer's object to ascer­
tain in how fal' a continued research of simple enzyme actions might 
contirlIl the hypothesis that thc enzymes exert their catalytic action 

Inverted by radiation. This hypo thesis ori-
canesugar. ginated in the peculiarity of the 

action of the enzymes which 
distinguishes this action so sharply 
from that of the acids. A graphic 
representation of the action of the 
same quantity of acid or ~nzyme 
in the same time on sugal' sol ut-

Initial concentralion of the canesugar. ions of different concentrations 
Fig. 1. d h' d' ir ren ers t IS werence very per-

ceptible. 
Inverted canesugar. Fig. 1 gives a scheme of the 

inversion by acids. The line which 
l'emains straight indicates that the 
quantity of inverted canesugar 
remains proportionate to the initial 
concentration. 

In the case of enzymes the 
Initia! concentration of the canesugar. general course is represented by 

Fig. 2. fig. 2. In the inversion of cane-
sugar for instanee, the line remains straight up to an initial con­
centration of 0.10/0; it then inflects towards the al axis and runs 
henceforth parallel to this. 

This eharacteristie behaviour of the enzym es is now at onee 
eXplained by the radiation theory whieh will be further developed. 

Let us, for the sake of convenience, contine ourseh'es to the action 
of invertin and Iet us suppose we have two solutions containing, 
l'espectively, 20% and 10% of canesugar. In the 20°/0 solution the 

'l'adiation from each enzyme partiele will be comparati vely soon 
abso1'bed by the surrounding molecules of canesugar; in the 10% 
solution the sphere to which the enzyme action can extend will 
be larger. So long as the solution is. sufficiently concentrated to 
finaUy absorb by a sug'ar molecule all radiation emana,ting from an 
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enzyme partide, befOl'e thc distanee has become 80 great that the 
radiation' filils to cause inversion, each enzyme pal'ticle is bouud to 
exert the same action. Olle might compa,re au enzymc particle in 
concentl'ated sugar soilltions with a SOl1l'ce of light in a fog of 
varying density; the denser the fog the smaller the region arOlmd 
the source of light which absorbs all the light. 

!f, however, canesllgar absOl'bs the radiation from invertin, we 
must expect the same to a greatel' Ol' smaller extent from the prodllcts 
of inversion. On account of this power of absorbing the active rays 
these pl'oducts must retard the invel'sion. 

The l'esult of my often-repeated experiments showed that the invel'sion 
of canesugar by invel'till prepal'ed ti'om carefully dried yeast (we 
shall see, presently, that t11e method of preparing the invertin is of 
the greatest importance) is retarded equally by glucose, laevulose and 
invert sugar. 

For instance, the same amount of yeast-extract inverted under the 
same conditions 1) fi'om 

10% canesugar 49.3% 
10% canesngal' + 5% glucose 38.5% 
10% canesugal' + 5% laevulose 38.3% 
10°/0 canesugar + 5% invert sugal' 38.3°/0 

Fl'om the similarity of the last th1'ee figures it is already evident 
that we are not dealing here with a retardation dne to a 1'eversed 
reaction. 

It was further ascertained that the otheJ; hexoses cause exactly 
twice as much retardation as glucose 01' laevulose: 

8% canesugar 43.6% inverted 

8% canesugar + 2% galactose 35.~0/0 

80
/ 0

1 canesugar + 2% manIlose 36.1h 
8% canesugar + 4% glucose 36.1% 

" 
" 
" 

Fl'om these results it is evident that the inversion phenomena 
behave as if there are emitted by an invel'tin particle two radiations 
in equal quantity wl)ich we may caU, provisionally, glucose and 
laevulose radiations. Eacl! radiation by itself js capable of inverting 
a canesugal' molecule j the glucose radiation is not absol'bed by the 
glucose but by t1le laevulose; the laevulose bella\reS, conversely, 
in tbe same way. In accordance with this both radiations are 
absorbed by any other hexose. We may, therefore, regm'd invertin 

1) All sugal' determinations have been made by KJELDAHL'S accurate gravimetric 
proces,S. 

1* 
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as being, probably, a proteid containing glu('ose and laevulose groups 
in a pecu1iar radiating condition. 

At all events, the radiation hypothesis will be found to lead to 
further quantitative research, 10 explain results already obtained and 
to predict future results. 

Let us take a sufficiently concentrated sollltion of a grams of 
canesugar in 100 e.c. of water. A given arnount of invertin then 
yields in the first minute a quantity of invert sugar m, independent 
of a. As soon, however, as a little invert sugar has been forrned, the 
condition changes. The enzyme rays are now not only absorbed by 
the canesugar but a1so by the invert sugar. If we caU n the absOJ'ption 
power of the invert sllgal' in regat'd to that of' canesugar, then aftel' 
the lapse of a time t when x is the remaining canesugar, the -inversion 
velocity -, dx will be no longer m, but 

IV 
- dm =m dt. 

t(J +n(a-m) 

a-t'U 
If we substitute -- = y and integrate, we obtain the equation 

a 

l (_1_) + 1-n y =!!: t 
l-y n na 

or, using ordinary logarithms 

1 l-n m 
log - + - 0,434 y = - 0,434 t. 

1-y n na 

In this eqllation two constants occur. The fil'st m may be at 
once detel'mined experimentally from the mitial velocity . If we take, 

m 
for instanee the experiments of A. J. BROWN 1), then - or the fraction 

a 

0,130 
inverted per minute at the commencement is 3"0' Ifin oureqnation 

we substitl1te this value of m, we find dl1ring the whole series of 
BROWN'S figures a value fol' x of about 0.5. 

It is, therefore, evident that the absorption powel's of the cane­
sugal' and glucose, Ol' laevulose molecules are in the. proportion of 
about 2 to 1, that is to say in the proportion of their masses or, 
perhaps, sUl'faces. 

Then we found the retal'ding influence of glucose and laevulose 
to be equal to that of invert sugal'. Per unit of weight the numbel' 
of molecules in glucose for instance and in canesugar a1'e in the 

1) Journ. Chem. Soc. 1902 pag. 377. 
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342 
pl'oportion of 180' If now the absol'ption power of a molecule of 

glucose stands to that of a molecule of canesugar in the proportion 
of 180: 342 and if we consider that glucose trans mits without 
hindrance 50% of tbe total invertin radiation, the proportion between 
the absOl'ption power of one pad of glucose and that of one part 
of canesugar becomes: 

342 180 1 1 
180 ' 342 ' 2 = 2' 

360 
.Aftel' inversion, one part of canesugar yields 342 parts of invert 

sugar. Therefore n, the relative absorption power of the products 
360 1 

of inversion" of one part of canesugar, becomes 342 ' '2 = 0,525. 

The formula fol' the inversion velocity thus becomes 

1 m 
log -1- + 0,393 Y = 0,827 - t, 

-y a 

BROWN'S experiments conform still better to this formula than to 
, . 1 l+al 

HENRI'S emp1l'lcal formula 2k1 = -log -- . 
t 1-.v 

The correctness of our deduction may further be proved experiment­
ally in the following way. 

lf in additioll to the a grams of canesugar b grams of glucose, 
Ol' laevulose are dissolved pel' 100 cc., the inversion velocity will be 
represented by: 

al 
- dal = dt, 

al+n(a-IV)+lb 

a-,I) 
By again substituting -- = y we obtain, when using ordinary 

I a 

logarithms and calling ~ 0,434 = k: 
na 

1 1 1 
log --+ 0,393 Y == kt 

l-y 1 +~ 1 +_b_ 
2na 2na 

A salne enzyme quantity acting under the same conditions in a 
solution containing canesugar only and in one contail1ing cal1esugal' 
plus glucose Ol' laevulose gave the following figm'es: 
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1 
log-+0,393y 

t Y k 
1-0' 

t 

91 0.412 0.00432 

191 072 0.00437 

( 6 ) 

10% canesugar + 5% laevulose. 

t Y k' 

85 0.297 
181 0.555 
25q 0.72 

306 0.763 
360 0.824 

1 1 
log-1-+0,393 y 

-y b 1+-
t 

0.00273 
0.00276 

0.00296 

0.0027 
0.00271 

2na 

According to our formula we have: 

1 
Ic' = k = 0.68 k = 0.00295 

b 
1 + 2na 

lDO/o canesugar. 100
/ 0 canesugal' + 10°/0 glucose. 

t y k t Y k' 
57 0.191 0.00293 57 0.124 0.00145 

118 0.364 0.00287 116 0.237 0.00142 

242 0.642 000288 237 0.435 0.00142 
295 0.522 O.OOlM 

358 0.604 0.00146 

1 
calculated k' = b k = 0.00149. 

1+-
2na 

A further con trol is given by the detel'mination of the initial 
velocity aftel' pl'evious addition of glucose or laevulose. 

From 
a (l-y) 

a dy = m 1 dt 
a (I-y) + na y + -- b 

2 

follows that the initial velocity in a solution of a canesugal' + b 
glucose, Ol' laevulose is: 

(dy) m 1 

dt y=O =; 1 + ~~ 
2 a 

whel'eas without sllch addition (dY) _ m 
dt y=o -;. 

These are the experimental results : 
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10° 10 canesugar 

inyerted 14% 

10° I ° canesugar 

inve!'ted 12.4% 

10°10 canesugar 

inverted 19.1% 

8% canesugal' 

inverted 16.6° 10 

( 7 ) 

10°/0 canesllgar + 2.5°/0 laevulose 
1 

12.5% 1 b 14 = 12.4 

1+2"~ 

10°/0 canesugar + 5°/0 glucose 
1 

9.7% 1 b 12.4 = 9.9 

1+2"7 

10°10 canesugar + 10°/0 glucose 
1 

12.4% 1 b 19.1 = 12.7 

1 +2"7 

8% canesugar + 16°/0 glucose 
1 

8.2% 1 b 16.6 = 8.3 

1 +2"7 

It was now to be expected that many other neutral substances 
would also retm'd the inversion according to thei!' capacity of 
absorbing the enzyme radiation. 

These are some of the figm'es obtained: 
Under the same cOllditions the same enzyrne-quantities inverted of 

10% canesugar 
10% canesugar + 
10°/0 canesugal' + 
10% canesugal' + 
10°/0 caneflugar + 

In another series: 

10% canesugar 

38.5°/0 
5% urea 28.5% 
5% mannitol 33.-% 
5% erythrite 28.-% 
5°/0 glucose 29.8°/0 

10% canesugal' + 5°/0 dulcitol 
10% canesugar + 5°/0 glucose 

58.1% 
50.4% 
47.8% 

There seerns to be some kind of relation between the asymmetrie 
carbon atoms and the absorption. 

In the case of inversion of more dilllted solutions of canesugar 
the abQve-mentioned simple relations will no longer exist. If we 
diminish the initiaI concentration, a dilution will soon be l'eached 
where a part of the radiation does not reach a sugar molecule 
in time, but is either finally absOl'bed by the water Ol' when arriving 
has, in any case, become too weakened to cause inversion. The 
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quantity of canesugar invel'ted by a given amount of invertin will, 
therefore, go on decreasing. In the end, ho wever, we shaH arrive 
at an initial concentration where, within the sp here of action of an 
enzyme particie, two canesugal' or invert sugar molecules can no 
longer shade each other. From this point, the inversion eaused by 
the given enzyme-quantity will be just proportionate to the canesugar 
concentl'ation. Then, during the whole of the process, the l'eaction 
velocity merely depends on the average number of canesugar mole­
cules present within the active l'adiation sphel'e of an enzyme pal'ticle. 

The following are some of the figures obtained which always 
exhibited the same l'egularity. 

Concentration Invel'ted Inversion 
canesugar in grms. in grms. per 100 cc. in 010' 

per 100 cc. 
0.05 0.022 44.-0

/ 0 

0.1 0.0448 44.80
/ 0 

0.125 0.0545 43.80
/ 0 

0.25 0.097 39.-% 
0.5 0.174 34.7010 

1.- 0.240 24.- 010 

2.- 0.317 15.90
/ 0 

Another series gave 

Concentration of lnverted 
canesugal' in gr. pel' 100 ec. 

3 
4 
5 
7 

in grms. per 100 cc. 

0.86 

0.95 
0.96 

0.93 

The faet that, in very dilute solutions, the enzyme action really 
proceeds as a unimolecular reaction according to the formula 

1 1 
k = - log -- was fm'thel' again confirmed by experimenting with a 

t l-y 
solution containing 0,096 oio of canesugal'. 

Up to the present we have for the sake of convenienee disregarded 
the synthetieal/action of the enzyme rays. Light, being a catalyzel', ean 
act eithel' as a synthetieal Ol' deeomposing agent, 80 we must expect the 
same from the enzyme rays. That we often do not notiee sueh 
aetion is due in t11e first place to the secondary change of the 
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decomposition products, at least in the case of invertin. It has 
all'eady been stated by O'Sur.uvAN and THoMPsON 1) that invertin 
separates glucose ti'om canesugar in a birotatory condition. TANRET 2

) 

and SIMON 3) havE' aftenvards elucidated tbis birotation question. 
The birotatory a-glucose is the sugar of the a-glucosides and the 

semi-rotatory y~glucose that of the ~-glucosides; according to the 
said authors they are the stereoisomeric lactones: 

H HOH HOH H HOll 
HO C - C - C - C - C - CH20H. 

I 0 I 
The form which in solution is stabie, the ~-ghlcose conforms to 

the aldebyde-forIDula CH2 0H (CHOH)4COH. 
This conclusion is opposed by other investigators sucb as ÄRMSTRONG 4) 

and LOWRY 5),' who look upon the stabIe form not as an aldehyde 
but as a condition of equilibrium between a- and y-glueose. My 
investigation goes in fiwoul' of the first opinion. 

Invertin is, generally speaking, the enzyme of the a-glucosides. 
Canesugal' mayalso be considered as an a-glucoside in accordance 
with the tact that on inversion, the glucose is always separated jn 
the a-modification. This a-glucose is now, .however, gradually con­
verted into ~-glucose and, therefore, prevents t11e reconversion ·into 
canesugar. Owing to this, all the canesugar is always finally mvel'ted 
by invertin. 

A continued research, ho wever, showed that the1'e may be still 
another reason for the non-appeal'ance of reversal phenomena. The 
,method of preparing the invertin, that is of the yeast extract wa,;; 
found to greatly afrect the properties of the enzyme. 

At first, I used for the preparation of a powerful invertin a yeast 
cultivated in a solution of canesugar. This yeast aftel' being,mixed with 
"kieselguhr", was first dried in vacuum at a low tempel'atul'e and 
then for half an hour at 1000 in an ordinary oven. 

The addition of "kieselgl.1hr" facilitates very nluch the subsequent 
extl'action and filtration. The above experiments have been made 
each time with a fl'eshly prepared filtrate. 

Afterwards it was found that ordinal'y yoost a180 gives all enzyme 
with the same pl'opel'ties, pl'ovided it has not been dried at too high 

1) Journ. Chem. Soc. 1890 pag. 861. 
2) Zie Dictionnaire de Chimie de Würtz. 2e suppl. p. 764. 
3) C. R. 1901 pag. 487. 
4) Journ. Chcm. Soc. 1903 pag. 1305. 
Ö) Joul'n. Chem. Soc. 1903 pag. 1314. 
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a tempet·atul'e. 01'dinary laevulose in solution is' as a rule less stabIe 
thari glucose. In invertin a dilfeI'ence in the same direction is 
also usnally revealed. Drying at too high· a telllperature, heating the 
"kieselguhr" mixture above 100°, or precipitation with alcohol and 
redrying tbe precipitated enzyme, repeatedly gave invertin, the action 
of which is retarded considerably more by laevulose than by glucose. 
Active laevulose therefOl'e generally becomes inert sooner than 
active glucose. 

This explains the difference between my results and those of 
VrcTOR HENRI 1) who states: 

"Pour l'addition d'une même qnant,ité de sucre interverti, Ie ralen­
tissement est d'autant plus faible que la concentration en saccharose 
est plus grande. Ce ral~ntissement est produit pl'esque uniquement 
par Ie lévulose contenu dans Ie sucre interverti." 

Probably, HENRI has obtained his invertin from yeast dried at more 
elevated temperatures. Ol' has used commercial invertin, prepared by 
precipitation with alcohol. That tlle retardation of a same quantity 
of invert sngar becomes smaller when the canesugar concentration 
becomes grea,tel' is qnite in harmony :with the radiation theor1. The 
fact that the laevulose contributed most to that retardation was only 
a pathological phenomenon of the invertin. 

We mllst fnrther bear in mind the possibility that, owing to those 
harmful actions, the radiation gets so weakened that the l'eversion .. 
can no longer tttke place, or that the radiating a-glucose has been 
convertèd into radiating ~-glncose and also that only the latter is 
capable of inverting. It is certainly to be expected that, if only active 
glucose 01' active laevulose is left .behind, the power of causing 
l'eversion bas either decreased or been destroyed. 

In order to counteract the fil'st cause of the non-appearance of 
the reversal,' namely, the secondary conversion of a-glucose into 
~-glucose, we may apply much enzyme and so accelerate the con­
version. A larger quantity of extract of the above yeast, which had 
been finally dried for half an hour at 100°, caused indeed a slower 
inversion of tbe last remaining percentages of canesugar. 

Tbe revel'sed action was afterwards noticed more distinctly 
with ordinaJ'y yeast, merely dried in vacuum at about 30'). We 
wil! first give a mathematical formulation of the phenomena to 
be expected. 

I 

Let us imagine an aqueous solution of invert sugar, liable. to 
reversal and consequently containing the glucose in the a-form, in 

1) C. R. 1902 NOl'. f4. 917. 
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the presence of invel'tin particles, which ren der this invert sugar 
active. The velocity of synthesis will then be pl'oportionate first to 
tbe product of the concentration of glucose and laevulose and further 
to tbe extent of the active radia.tion sphel'e sUl'rounding each enzyme 
partiele. The latter is inversely proportionate to the joint concen­
tration of the invert sngal' and the other dissohred matters eventually 
present, each with thei!' own absOl'ption coeffieient. 

The synthetical action of invel'tin in a solution containing (a-x) 
gl'ams of invert sugar and x grams of canesugar in 100 cc. is 
therefore: 

(a 2 ,vy 
d,'IJ = mp dt. 

a:+n(a-IV) 

The completE:! fOl'mula for the inversion yelocity of canesugar, in 
case the original products of invel'sion suifered no .change, would 
then hé 1) : 

_ dl/J = m \ a: _ ~ p (a-a:)~ l dt. 
! ,'IJ + n(a-,'IJ} 4 ,'IJ+n(a-i/J} I 

The point of equilibrium would then be determined by the equation : 
1 

IV - 4' p (a - i/J)2 = O. 

a-lV 
Or returning to relative fractions by substituting -- = y: 

a 

1 
1 - y - - pa y2 = O. 

4 

If now we have introduced into the solution sueh a quantity of 
enzyme that this equilibrium point is attained before the birotatory 
glucose has been convm:ted to any great extent into ordinary glucose, 
the inversion will nqt actuaUy come to a standstill, but the line, 
indicating its progres~ive course, will exhibit a characteristic pecu­
liarity in tJlat plare. Then, starting from OlM point, the format.Ïon 
of fresh a-glucose by inversion will be dominated by the velo city 
of the inversion of the total a-glucose present into j3-glucose. This 
velocity is proportionate to the concentration of the a-glucose. If 
this is continllally l'eplenished by fl'esh fOl'mation of a-glucose from 
canesugar, both the said velocity and the inversion velocity will be 

1) The small incl'ease in weight whcn C12 H22 011 changes into 2 Ca H12 Oa is here 
neglected i we might also suppose that it is taken into account in the coefficientp. 
By substituLing the val'iabIe y this factor in p would in aoy case disappear again. 
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5% cane~ugar 

minutes. 

( )2 ) 

eonstant. From this point the line, 
representing the inversion as a fllnetion 
of the time, will of COllrse be a straight 
one until the concentration of the cane­
sllgal' has become too small to make 
the inversion keep pace with the glu­
cose tl'ansformation. 

With 5% canesugar (see tig. 3) 
the ]ine commences its straight course 
at about y = 0,35. This substituted 
into the equation 

1 
l-Y-ipa1/=0 

10 10 30 40 0,65 
Fig. 3. gives iJ = 0,153 or, practically = 4. 

In the 10°10 solution (fig. 4) the equilibrium must then become 

50 % 

40 

1 ()OIo canesugar. 

minutes. 

zo 40 50 60 

Fig. 4. 

pereeptible at the value of y to be calculafed from 
l-y-lOy'=O 

therefore, at y = 0,27. 

70 

Those equilibria phenomena are observed more l'eadily in the 
inversion of rnalto.~e by yeast-extl'act. 

The enzyme whièh converts maltose into glucose is generally called 
maltase so as to distinguish it from invel'tin. It seems to me that thel'e 
is no vulid l'eaSOJl fol' maldng slleb a distinction. A yeast-extract, 
wbieb invel'ts maltose, has always been found to also behave aetively 
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towards canesllgar 1), but not the l'everse. This is in harmony with 
t11e radiation tl1eory. l\Ialtose, lilw eanesugal', is all a-gluco&ide. The 
connecting point of the laevulose in the canesugal' molecule with the 
a-glucose iE> the C of the cltl'bonyl group of the laevulose, In maltose 
the a-glucose is attached io tlle CH 2 of the othel'wise ul1combined 
molecnle of glucose. Canesugal' is also much more readily inverted by 
aeids thn,n maltose. Both radiating a-glucose and laevulose (probably 
also radiating ij-glucose ')) are liable to invert canesugal'. Maltose 
is only converted by active a-glucose, but as may be expected from 
its behavioul' towal'ds acids and its constitutional fOl'mula it requires 
a more powerfnl l'adiation than eanesugar. If, thel'efore, yeast-extract 
!las been weakened by ele\'atio11 of tempel'ature or by precipitation, 
its power' of inverting maltose may have been lost Ol' much diminished, 
althollgh eanesugal' is still fai1'1y l'apidly inverted. 

The preparatiOll of a yeast-extract with a powel'flll invel'ting action 
on maltose proved to me no more difiicult than when invel'sion of 
canesugal' was intended. The above-descl'ihed yen,st, derived from a 
canesugal' Sollltion, and which had been actually heated at 100" for 
half an hout', yielded aftel' a yeal' and a half an extract which 
readily inverted maltose. In this case, 1 u&ed, of course, by prefel'ence 
a yeast which had been mixed with "ki-éselguh1''' and dried at a 
[ow temperatn1'e. On extl'acting the dried mixture, the solution ne\'e1' 
contains zymase as experiment repeatedly showed. 

60 % 

1 % lil altose. 
40 

Fignres 5, 6, 7, 8 and 9 now 
clearly show the phenomena of 
equilibrinm. Ir a-glucose in solution 
,,,ere &table, 0111y 15°) p of the 
total might be invel'ted by yeast­
extract in a 100

/ 0 maltose soIlltion. 
The fact that maltose is decom­

posed by yea&t-extract so mllch 
mrnutes. 

"-__ --.... ___ -_-__.-- slower than eanesugal' is partly 
2S due to the circumstance that the 5 10 1S 20 

point of equilibrium is reached 
so much eal'licr, The fUl'thel' decompositioll then agétÏn merely keeps 
pace with tlle tl'ansfol'mation of a·!!;1ncose into ~-gIucose. 

1) POT1EVIN, Allnales lnst. PAsTEun 1903. p. 31. 
~) Separate experimellts SIlO wed that glucose, previously heated and tIleJ'efol'e in 

the (3,form, and glucose, dissolved immediately before addillg the enzyme and th ere· 
fore in lhe ,,-form, both l'etard lhe cancsugat· invet'sion 10 the same exlent. f3-Glucose 
therefore transmits the glurose rays (then perllaps converted inlo f3-glurose rays) 
quite as weil as the se-glucose, 
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40 'Po 

20 
3% maltose. 

10 

millute~. 

s 10 lS 20 lS 30 
Fig. 6. 

40 % 

30 

20 
5e /0 maltose 

minute~. 

10 2.0 30 40 50 60 70 

Fig. 7. 

7010 maltose. 

minutes. 

10 zo JO '10 50 60 70 80 

"10 % 

30 

20 

10 

10°/" mnltost'. 

minutes. 

~---'-0----20----~30----q~O----S~O~--6~O--~f~0---SO­

Fig. 9. 
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The points wh ere the transformation lines eommence to rnn straight, 
so the points of equilibrium, also conform in this case to an equation 
similar to that used for c~nesugar. Glucose is here the only product 
of inversion ; we might, therefore, expeet that the undisturbed trans­
formation velocity would be here: 

-d,v=m I a: _ q (a-a:)2 I dt 
la:+n(a-a:) ,v + n(a-,v)\ 

and the equilibrium e(luation, therefore: 
1 - Y - q a y2 = O. 

For 10 grams of maltose in 100 cc. we experimentally found 
y = 0.15. 

0.85 . 
This gives q = 0.225 or, practically, 4, therefore the same coefficlent 

as for canesugar 1)." 
If in the above equation we substitute q = 4; or 

1 - y -- 4 a y2 = 0, 

the calculated points of equilibrium become for 
a y 

10 0.146 
7 0.172 
5 0.20 
3 0.25 
1 0.39 

This is therefore in aeeordanee with the experiment. 
The well-known researches of CROFT HILL 2) on the reversal of 

maltose gave points of equilibrium whieh were situated at a more 
advanced tl'ansformation; for instance in a 10°/0 solution y = 0.945. 
These equilibl'ht were attained only aftel' days and weeks; the 
above cited aftel' a few minutes. 

Afterwards 3) HILL himself demonstrated that the resulting biose 
was not maltose but an isomel', which he called revertose. In HILL'S 

nlltnerous experiments, all the glucose was no doubt in the {I-form. 
The synthesis found by HILL was therefore a combination of two 
molecules of {I-glucose to a new biose, isomerie with maltose 4). 

1) The difIusion velocities on which depends the velocity of meeting of two 
molecules, cannot ditfel'. much for glucose and laevulose. 

2) JOUl'D. Chem. Soc. 1898 p. 634. 
S) Journ. Chem. Soc. 1903 p. 578. E!mERLING (Ber. 34, p. 600) had found 

isomaltose as revers al prorluct. 
4) Most of the natural glucosides appeal' to be compounds of bi· Ol' semi.rotatory 

hexoses. When endeavouring to prepal'e lactose fr om galactose and glucose by 
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The retarding at'lioIJ. of anothel' added hexose is not studied 80 

readily in the case of maltose inve1'8ion as in the transfol'mation of 
eanesugar, on account of the immediately occUl'l'ing l'evel'sion. Still it 
was found that both laevulose and galactose canse the same retarding 
action, as might be expected fl'om om theory now we are dealing 
with glucose-radiation only. 

For instanee, a same amount 9f yeast·extl'act gave lmdel' the same 
conditions and in the same time: 

in: inversion 
6° / 0 maltose 18.9% 

6° / 0 maltose + 1.5% g,l,lactose 15.50
/ 0 

601
0 maltose + 1.5% laevulose 15.50

'0 

Another series gave 

in: inversion 
(ja/a maltose 26.8% 

60
/ 0 maltose + 1.5% laevulose 24.8% 

6% maltose + 1.5% galactose 25.-0
/ 0 

60
/ 0 maltose + 1.5% glucose 13.5% 

This last figul'e, vel'ifierl by other experiments, l'equires a further 
explanation. This 1,50/0 glucose was undoubtedly [1-glucose.' Befol'e 
mixing it with the maltose, tile glucose was dissolved separately 
and completely converted into tlle sta,ble form 2) by placing the flask 
for some time in bolling water. T11e obsel'ved order of retal'dation 
shows that the [1-glucose also takes part in the pl'ocess ot'revel'sion. 
Now it is possible that in' the maltose molecule the glucose with the 
still fl'ee cal'bonyl gl'onp is present in the [1-modification and it is 
e\'en probable that this fi'ee glucose group, when in solution, will be 
convel'ted into the same stabIe form as glucose itself. In HILL'S 

investigations, yeast-extract appeared capable of uniting two molecules 
of [1-glncose; so, pl'obably, a180 two molecules of a-glucose. The 
glncose fOl'med in the ellzyme-inversion of maltose may, thel'efore 
be called homogeneous. Each molecule of tllat glucose can unite 
itself lllldel' the influence of the enzylUe radiatioll with any other 
molecnle of that glucose to abiose. Thel'efol'e, the equation of 
equilibrium was here 

means of lactase, E~UL FISCliER and l!'RANKLAND ARMSTRONG only obtained au 
isolactose. 

The synthesis of canesugar has not yet sltccéeded because we can only add 
p-glucose and not u-glucose to laevulose. 

2) Separate experiments showed that unheated glucose caUbes the same retar­
dation as heated, ~-g]ucosc therefore tbc same as {3-g1ucose. 
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1 - Y - 4 a y2 = O. 

It should also be mentioned that the inverting enzyme of yeast 
appears to be alwiys the same whether canesugar or maltose has 
been present as a carbohydrate food. In an ordinary cereal extract 
a little canesugar occurs along with the maltose. A pure yeast­
culture, cultivated by myself in à solution of pure maltose (plus 
the nccessary salts and nitrogenous food) gave an enzyme extract 
which was retarded in its action equally much by glucose and 
laevulose, and twice as much by galactose. In the enzyme formation, 
therefore a partial conversion of glucose into hLevulose seems to take 
place. LOBRY DE BRUYN and ALBERDA VAN EKENSTEIN 1) have shown 
that these two hexoses may be conve1'ted into each othe1' in an 
alkaline solution. 

The investigations of O'SUIJLIVAN and THOllIPSON 2) have l'endered 
it probable that the "inve1'tin-molecule (if we may nse this expression) 
contains a cal'bohydrate group. These investigators have attempted 
to puri(y invertin and fonnd that a cont:tant component of the 
resnlting protei~-complex, thei1' so-called 'Jl~invertan, contained 18 
pa.,rts of ca1'bohyqrate to one part of albnminoid. 

A further development of the electron theory will probably eluci­
date the nature of those enzyme radiations. As LODGE 3) observed, 
it is not the OCC1ll'rence of radiations in matter which need cause 
astonishment but rather the fact that not a great many more radia­
tion phenomena have already been discovered. 

Many other catalytic phenomena snch as the action of hydrogen-iolls 
and those of BREDlG'S anorganic fermcnts may, aftel' all, be due to 
radiations. For h~'drogen-ions, carriers of 100se electrons and dispersed 
platinum cathodes probably also eIuit radiations owing to the motion 
of the electrons in Ol' around tbe material particie. During the course 
of a same reactioIl, BREDIG of ten noticed an increase of the constant 

1 1 
k = - log - just as that shown by the invertin action. A retar-

t I-y 
dation of thc catalysis by indifferent matters has also been frequently 
noticed, fbI' instance, by KNOEVENAGEL and TOllIACSZEWSKI 4) in t11e 
action of finely divided palladium or platinum on benzoin. 

If the statements of t11e French investig~tors on the physiological 

1) Rec. 'frav. Chim. 1895 p. 201. 
~) .Journ. Chem. Soc. 1890 p. 834.. 

:1) "On Eleclrons" Journ. Electr. Engineer..s 1903 Vol. 32 p. 45. 

4) Ber. 1903. 28~9. 

Proceedings Royal Acad. Amsterdam. Vol. VII. 
2 
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n-rays should be promoted to o~jective truth, our hypothesis would 
receive a direct experimental support. 

At all events, the above has demonstrated that the prineipal mea­
surable phenomena, noticed in the enzyme action are in harIDony 
with our hypo thesis. -

Meteorology. - "On a twenty-six-day period in daily means ol 
the barometric height." By Dr. J. P. VAN DER STOK. 

1. A few years ago 1) Prof. A. SCHUS'l'ER investigated the problem, 
how to detect tbe presence of a periodical oscillation, the amplitude 
of which is small in comparison with large superposed fluctuations 
which may be considered as fortuitOlls with respect to the purely 
periodieal motion. 

Starting from an analogy whieh may be seen between this question 
and the problem of disturbances by vibrations in the aether - a 
problem treated lIy Lord RAYLEIGH 2) in 1880 - Prof. SeHusTER has 
endeavoured to apply the theory of probability to the determination 
of the first couple of coeffieients of a FOURIER series, and the method 
he arrives -at, and strongly advocates, is applied to records of 
magnetic declination obset'ved at Greenwich during a period of 
25 years. 

The choice of this material, in Prof. SCHUSTER'S opinion not favour­
able for the discovery of smaH eifects, is justified by the remark 
that "the only real pieces of evidence so far (1899) prodnced in 
favour of a period approximately coincident with that of solar 
rotation were deri ved fi'om magnetic declination and the occurrence 
of tlmnderstorms." 

In this and~ in an earlier paper a) the author emphasizes th at, in 
inquiries of this kind, it is not at all sufficient-to come to some 
result, but that it is necessary to apply areliabie criterion by 
which a judgment may. be formed about the value to be attached 
to the result arrived at. 

Ris mathematical investigation, ho wever, does not, lead to an out­
come which in every respect can be regarded as satisfactol'Y, in so fal' 
tllat a method of determining the mean and probable error of the 
result ti'om the series of observations themselves is not givell and, , 

1) Trans. Cambr. Phil. Soc. Vol. XVIII. 1899. 
2) Phi!. Mag. Vol. X. 1I, 1880. 
3) Tel'l'estriaI Magnetism Vol. lIl, 1898. 


