
Bioch~mistry. - The conditions of activation of washed zymin in relation 
to the co-enzyme problem. By A . A . STHEEMAN. (Communicated 
by Prof. A. J. KLUYVER.) 

(Communicated at the meeting of A pril 27, 1929). 

I. 

Until lately our knowledge of the co-enzyme of alcoholic fermentation 
was practically restrained to the fact that it is an ultrafiltrabIe, dialysable, 
thermostable principle. By special procedures the usual zymase preparations 
can be treated in such a way that they lose their power to ferment the 
hexoses to alcohol and carbon dioxide even in the presence of alkali
phosphates. The zymase considered from the point of view of its function to 
split hexoses has become inactivated. This inactive zymase is reactivated 
when besides the due amount of alkaliphosphate a co-enzyme containing 
solution is added. 

In 1927 KLUYVER and STRUYK 1) submitted the co-enzyme to a doser 
investigation; their results throw fresh light on the nature and the meaning 
of the co-enzyme and allow of the explanation of many uptill now 
unaccountable facts. 

KLUYVER and STRUYK in their experiments made use of maceration juke 
which, by washing on an ultra filter, was deprived of its property to ferment 
glucose in the presence of alkaliphosphates. The zymase thus rendered 
inactive could be reactivated not only by adding to it a co-enzyme containing 
solution but also by the addition of va rio us substances. Which of these 
substances were capable of reactivation of the inactivated zymase appeared 
to depend on the extent in which the zymase was washed, thus on the 
degree of dilution of the admixtures occurring next to the zymase in the 
original maceration juice. As substances which according to circumstances, 
suffice alone or together to reactivate the inactivated zymase KLUYVER 

and STRUYK mention acetaldehyde, hexosebiphosphate and anti-autolytic 
principles. 

It could now be shown by KLUYVER and STRUYK that an inactivation of 
the zymase (to such an extent that by addition of co-enzyme reactivation 
of the zymase could take place) was the result of the elimination of one 
or more of the three substances mentioned above, from the original 
zymase preparation. 

1) A. J. KLUYVER and A. P. STRUYK, These Proc. Vol. .30, 569 (1927). 
A. J. KLUYVER and A. P. STRUYK, Biochem. Z. 201, 212 (1928). 
A. P. STRUYK, Dissert. Delft, 1928. 
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They supported their view a.o. by experiments with a maceration juice 
which had been washed to such an extent as to be. according to MEYERHOF. 
free from co-enzyme. They shomed that a maceration juice treated in such 
a way would no longer ferment glucose even after the addition of hexose
biphosphate and they were able to reactivate th is "maceration juice free 
from co-enzyme" by adding to it besides hexosephosphate. the "Schutz
saft" made according to HAEHN and SCHIFFERDECKER 1). 

As HAEHN and SCHIFFERDECKER established the antiproteolytic action 
of this "Schutzsaft" KLUYVER and STRUYK could make it acceptable that 
in the above case a co-enzyme like act ion might be obtained by the 
addition of hexosebiphosphate and antiproteolytic substances to the 
apo-zymase. At the same time KLUYVER and STRUYK demonstrated that 
the "Schutzsaft'· could be substituted by an aqueous extract of a co-enzym:! 
free maceration juice. 

From their experiments KLUYVER and STRUYK conc1ude that the 
conception of the indispensability of a "co-enzyme" in "cellfree" alcoholic 
fermentation must give place to the view that a normal fermentation of 
hexoses by means of zyp:1ase cannot proceed unless some conditions have 
been fulfilled viz. that besides alkaliphosphates. an initiating hydrogen 
acceptor. hexosebiphosphate and antiproteolytic substances must occur in 
the fermentation mixture. 

Now it seemed of importance to investigate in how far the results got 
by KLUYVER and STRUYK in their work with maceration juice could also be 
obtained if instead of maceration juice zymin was used. 

Experimental. 

11. 

The zymin used in the experiments was obtained from a Dutch baker 
yeast (named "koningsgist" ) from the "Nederlandsche Gist- en Spiritus
fabriek" at Delft. It was prepared by the usual method of treatment with 
acetone and ether :!). From 500 grams of yeast ca. 125-130 grams of 
a very fine yellow white powder are obtained. The washing of the zymin. 
to inactivate the zymase. was performed by vigorously shaking one part 
of the zymin with eight or ten parts of cold tap water in a small Erlenmeyer 
fIask for two minutes. This done the fIask was only gently shaken for a 
few seconds every three minutes to keep the zymin suspended in the water. 
Af ter having been washed in this way for ten or fifteen minutes. the 
zymin suspension was centrifuged. The residue was suspended in water 
and washed again if necessary or made up to a given volume with 
distilled water. In each experiment 5 cc. of the zymin sus pension we re added 

1) H. HAEHN und H. SCHIFFERDECKER. Biochem. Z. 138. 209 (1923). 
2) A. HARDEN. Alcoholic fermentation 3rd. Ed. 1923 p. 38. 



428 

to the solutions, the power of which had to be investigated of reactivating 
the inactive zymase, and the whole made up to 10.3 cc. Some toluene 
was added and thoroughly mixed with the zymin suspension. After the 
excess of toluene had come again to the surface one cc. of each mixture 
was introduced into a quantitative fermentation apparatus according to 
VAN ITERSON-KLUYVER 1). A series of these apparatus was placed in a 
HEARSON incubator which was kept at a constant temperature of 25° C. 
The above apparatus has the advantage that fermentation is carried out 
under strictly anaerobical conditions and that moreover the volume of the 
carbon dioxide evolved can be read directly at atmospheric pressure. All 
solutions used in the experiments were previously saturated with carbon 
dioxide at the temperature of 25° C. 

The hexosebiphosphate solution used was obtained by decomposing the 
pure Ba-salt with cold diluted sulfuric acid and (after removal of the barium 
sulfate by centrifuging) by neutralizing the c1ear colourless solution of the 
acid with diluted sodium hydroxide until faintly pink to phenolphtaleine. 
Imm~diately after th is the solution was saturated with carbon dioxide. 

The methylenblue used was a saturated solution of the pure substance 
(free from zinc chloride) in distilled water. 

The first washing of the zymin, after having been boiled, filtered and 
concentrat~d on the water-bath to one tenth of its original volume was 
used as "co-enzyme" solution. This concentration was chosen because in 
this way the total amount of inorganic P was equal to the amount used in 
the other experiments of the same series. 

Numerous series of experiments were made; some of these series which 
can easily be reproduced are mentioned below. 

lIl . 

A. This series of experiments shows that it is possible to reactivate a 
zymin inactivated by washing by means of the addition either of acetalde
hyde or of methylenblue. or of hexosebiphosphate or of a "co-enzyme" 
containing solution . 

10 grams of zymin were washed once with 10 parts of water for 
15 minutes , centrifuged for another 15 minutes and made up to 75 cc. 
In each experiment 5 cc. of th is suspension ('2/a gram of zymin) were added 
to the following solutions and made up with water to a total volume of 
10.3 cc . One cc. of each of these mixtures was introduced into the 
fermentation apparatus. 

The solutions contained : 
Exp. 1. 2 cc. 0.5 M K2HP04 + 0.5 gr. glucose 

I) CJ. A. J. KLUYVER. Dissert. Delft 1914. 
A. W. VAN DER HAAR. Anleitung zum Nachweis der Monosaccharide und A1dehyd

säuren. Berlin 1920. 



Exp. 2. 

Exp. 3. 
Exp. 4. 
Exp. 5. 
Exp. 6. 
Exp. 7. 
Exp. 8. 
Exp. 9 . 
Exp.l0. 
Exp. l1. 
Exp. 12. 
Exp.13 . 
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2 cc. 0.5 M K2HP04 + 1 cc. acetaldehyde (1 %) + 0.5 gr. 
[glucos~ 

2 cc. 0.5 M K2HP04 + 2 cc. methylenblue + 0.5 gr. glucose 
2 cc. 0.5 M K2HP04 + 3 cc.Na-hexosebiphosph. + 0.5 gr. 
2 cc. 0.5 M K2HP04 + 1 cc . acetaldehyde (1 %) [glucose 
1 cc . acetaldehyde (1 % ) + 0.5 glucose 
5 cc. boiled washing (cone . ) + 0.5 gr. glucose 
5 cc. boiled washing (cone. ) 
1 cc. 0.5 M K2HP04 + 4 cc. boiled washing + 0.5 gr. glucose 
1 cc. 0.5 M K2HP04 + 4 cc. boiled washing + 0.5 gr. glucose 
2 cc. 0.5 M K2HP04 + 0.5 gr. fructose 
2 cc. 0.5 M K2HP04 + 1 cc. acetaldehyde (1 % ) + 0.5 gr. fruct . 
2 cc. 0.5 M K2HP04 + 0.5 cc. methylenblue + 0.5 gr. 

[glucose 
The hexosebiphosphate solution used, contained 2 mgr. of combined 

phosphorus per cc. 

TABLE A. 

EvolutIon of CO2 in cc. at atmospheric pressure. 

Time in 
Number of experiment. 

hours : 

1 
/ 

2 
/ 

3 
/ 

i 
/ 

5 
/ 

6 
/ 

7 
/ 

8 
/ 

9 
/ 

10 
/ 

11 I 12 /13 
I 

Ph - 1.7 0 .8 1.5 - - 2.8 1.0 2.5 1.6 - 0.2 -

3 - 2.9 2 .3 3.1 - - i.O 1.3 i .6 3.2 - 2.2 -

5 - 3.8 3.i i .3 - - 5.3 1.5 6.i i .O - 3.2 -

18 - 10.3 10 .8 10 .8 0 .05 - 12 .2 1.9 12.0 10.9 - 9.0 -

The experiments which did not give any evolution of gas af ter 18 hours 
were still negative af ter 48 hours . 

Exp . 1 shows that no evolution of gas occurs in the absen-ce of 
acetaldehyd , whereas a nearly quantita tive fermentation is produced in 
the presence of this substance (exp. 2) or of methylenblue (exp. 3) 1). 
Prom this it follows without any doubt that the activating effect of these 
two substances must be ascribed to their action as a hydrogen acceptor. 

Exp. 5 and 6 prove that the washed zymin contained neither fermentabIe 
substances nor free phosphate ; so the carbon dioxide evolved has its 
origin in the fermentation of the glucose which has been added. The 
washing used in expo 10 was boiled for 7 hours at arefluxcondensor before 

I) To attain the same stage of inactivation with a zymin prepared from top-fermentation 
yeast from a Dutch brewery, three times washing for twenty minutes with six parts of water 
proved to be necessary. 
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it was concentrated; in this way the great thermostability of the 
"co-enzyme" was demonstrated. 

Before cliscussing the activation produced by the addition of hexosebi
phosphate. we must draw the attention to some properties of the boiled 
washing. In the first washing. af ter being boiled and filtered the stil! 
dissolved protein substances we re removed by adding trichloracetic acid. 
In a part of the c1ear filtra te free phosphate and a substance behaving as 
a ketohexose (Seliwanoff-test) could easily be detected. To another part 
of the filtrate barium acetate in excess was now added and cold baryta until 
just pink to phenolphtaleine. After this the solution was heated to boiling 
and filtered rapidly. in the filtrate free phosphate could no more bi! 
detected and a positive Seliwanoff-test could no more be obtained. It is 
highly probable therefore that the positive Se1iwanoff-test in the boiled 
washing must be ascribed to the presence of hexose biphosphate. 

From th is we may conclude that by the first washing the greater pprt 
of the hexosebiphosphate present in the zymin has been removed. The fact 

however th at in the zymin used in the experiments mentioned above still 

some hexosebiphosphate is left can be proven by washing it a second time. 
With a part of this washing still a positive Se1iwanoff-test can be obtained. 
though it is very faint. 

Exp. 4 is showing that addition of hexosebiphosphate. removed by the 
washing. is sufficient to induce a normal fermentation. The hexosebiphos
phate added here fulfils the function of a hydrogen acceptor (cf. expo 3). 

KLUYVER and STRUYK (I.c . ) already observed the fact that this substance 
in not too small a concentration can act in this way. Besides this they 
consider it probable that hexosebiphosphate has still another function in 
the mechanism of alcoholic fermentation which is depending on th~ 

presence of the esterified phosphoric group. 
We may now explain the activation observed in the experiments af ter 

the addition of a hydrogenaccepting substance or of hexosebiphosphate by 

assuming that there is still enough hexosebiphosphate left in the washed 
zymin for the second function. provided there is another hyàrogenacceptor 
present which can replace the hexosebiphosphate removed. 

Indeed expo 14 in comparison with expo 3 proves very c1early that a 
minimum amount of a hydrogen acceptor is required for the initiation of 
the fermentation viz. that activation is also dependent on the quantity of 

the hydrogenaccepting substance added. 
The amount of hexosebiphosphate removed by the first washing being 

considerable was shown by an estimation of this substance which gave 
20 milligrams of P. as hexosebiphosphate in the first washing of 10 grams 

of zymin. 

B. The experiments show that the zymin af ter having been twice 

wpshed cannot be reactivated by acetaldehyde or methylenblue. whereas 
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a nearly quantitative fermentation of the glucose occurs whert hexose
biphosphate is added . 

9 grams of zymin we re washed one time with 8 parts of water for 
I 0 ~inutes and centrifuged. The residue was suspended in 8 parts of 
water and shaken for two minutes. Immediately af ter this the suspension 
was centrifuged again and the residue was made up with water to 60 cc. 
In each experiment 5 cc. of this suspension (0.75 gram of zymin) was 
added to the solutions and made up to 10.3 cc. One cc . of each of these 
mixtures was introduced into the fermentation apparatus. 

The solutions contained : 
Exp. 1. 
Exp. 2. 

Exp. 3. 
Exp. 4. 
Exp. 5. 

Exp. 6. 
Exp. 7. 
Exp. 8. 

Exp. 9. 

Exp.lO. 

Exp. l1. 

2 cc. 0.5 M K2HP04 + 0.5 grams glucose 
2 cc. 0.5 M K2HP04 + 1 cc. acetaldehyde (1 %) + 0.5 gr. 

[glucose 
2 cc . 0.5 M K2HP04 + 2 cc. methylenblue + 0.5 gr. glucose 
2 cc. 0.5 M K2HP04 + 2 cc. Na-hexosebiphosph . + 0.5 glucose 
2 cc. 0.5 M K2HP04 + 2 cc. Na-hexosebiphosph. + 1 cc. 

acetaldehyde (1 % ) + 0.5 gr. glucose 
5 cc. boiled washing (conc.) + 0.5 gr. glucose 
5 cc. boiled washing (conc.) 
2 cc. 0.5 M K2HP04 + 0.5 cc. Na-hexosebiphosphate + 0.5 gr. 

glucose 
2 cc. 0.5 M K2HP04 + 1 cc. acetaldehyde ( 1 % ) + 0.5 gr. 

fructose 
2 cc. 0.5 M K2HP04 + 2 cc. Na-hexosebiphosphate + 1 cc. 

acetaldehyde (1 % ) + 0.5 gr. fructose 
2 cc. 0.5 M K:.!HPO~ + 2 cc. Na-hexosebiphosphate + 0.5 gr. 

fructose . 
The hexosebiphosphate solution contained 2 mg . per cc. 

TABLE B. 
- -- --

Evolution of CO2 in cc. at atmospheric pressure. 

Time in 
Number of experiment. 

hours : 

j 

I 
2 

I 
3 

I 
4 I 5 

I 
6 

I 
7 

I 
8 

I 
9 

I 
10 

I 
11 

I 

J1 /2 - - - 0 .4 0 .2 2. 1 0 .8 - - - -

3 - - - 1.9 1.2 3.2 1.0 - - - 0.1 

5 - - - 3.5 3.0 5.0 1.5 - - 0 . 1 0.8 

20 - - - 10 . 3 9 .4 11.9 2.0 - - 0.2 1.6 

The experiments which showed no evolution of gas remained negative 
even after 40 hours. 
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These experiments show that by the second short washing. the hexose
biphosphate content of the zymin was now lowered to such an amount 
that fermentation of the glucose was made impossible 1). The addition 
of a sufficient amount of hexosebiphosphate is required for the reactivation 
of the zymase. 

It is interesting that fructose which in the first series of experiments was 
fermented at the same ra te as glucose in this series shows a different 
behaviour. 

C. The following experiments show that when the washing of th~ 
zymin is performed more intensively the addition of hexosebiphosphat~ 
is no longer sufficient to activa te the washed zymin. The addition of a 
solution containing an extract of a zymin "free from co-enzyme" to the 
fermenting mixture is necessary to enable the zymase to ferment the glucose 
at a normal rpte. 

9 grams of zymin were twice washed for 15 minutes with 10 parts of 
water. The zymin sus pension was made up to 60 cc. In each experiment 
5 cc. of th is suspension (0.75 gram of zymin) was added to the solutions 
and the mixture made up with water to 10.3 cc. One cc. of each of these 
mixtures was introduced into the fermentation apparatus. 

The hexosebiphosphate solution used contained 5 mg . organic P. per cc. 
Besides 0.5 gram of glucose the solutions contained : 

Exp. 1. 2 cc. 0.5 M K:!HP0 4 

Exp. 2. 2 cc. 0.5 M K~HPO~ + I cc. acetaldehyde (1 %) 
Exp. 3. 2 cc. 0.5 M K:!HPO~ + 2 cc. methylenblue 
Exp. 4. 2 cc. 0.5 M K:!HPO~ + 1 cc . Na-hexosebiphosphate 
Exp. 5. 2 cc. 0.5 M K:!HPO~ + I cc. Na-hexosebiphosphate + I cc. 

Exp. 6. 
Exp. 7. 

Exp. 8. 
Exp. 9. 

acetaldehyde (1 %) 
1 cc. 0.5 M K::!HPO~ + 2 cc. proteinsolution f.f.c. 
1 cc. 0.5 M K~HP04 + 2 cc. proteinsol. f.f .c. + 1 cc. 

acetaldehyde (1 %) 
I cc. 0.5 M K:!HPO~ + 3 cc. proteinsol f.f .c. 
I cc. 0.5 M K2HPO~ + I cc. Na-hexosebiphosphate + 2 cc. 

proteinsol. f.f .c. 
Exp.l0 . . 1 cc. 0.5 M K2HP0-t + 0.5 cc. Na-hexosebiphosphate + 2 cc. 
Exp. l1. 5 cc. boiled washing (concentrated). [proteinsol. U.c . 

The mode of preparation of the proteinsolution " free from co-enzyme" 
(f.f.c.) is given below. 

As the figures show, in this series the washed zymin suspension can no 
lonHer be reactivated bv the addition of an amount of hexosebiphosphate 
which corresponds to 50 mgr. of the Ba-salt. per 10.3 cc. According to the 
current view the ' zymin must be considered to be free from co-enzyme 
(MEYERHOF ). The zymase is however reactivated (exp. 9) by the addition 

I) Zymin prepared from a top-fermentatlon yeast had to bI" washed three times for 
half an hour with six parts of water to obtain thls stage of inactivation 
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TABLE C. 
-- -- -- --

Evolution of CO2 in cc. at atmospheric pressure. 

Time in 
Number of experiment 

hours: 

1 
I 

2 
I 

3 
I 

i 
I 

5 I 6 
I 

7 
I 

8 
I 

9 
I 

10 
I 

11 

2 - - - - I - - - I - - I - 3.8 

i - - - - - - - - 0.7 0.1 6.6 

6 - - - - - - - - 2.5 O. i 9 .5 

20 - - - - - - - - lO.i 0.6 13.2 

i8 - - - - - - - - 11.6 0.5 13.0 

of a proteinsolution made from a zymin " free from co-enzyme". From this 
it follows that the co-enzyme according to M EYERHOF is present in or can 
be prepared from a zymin which itself is free from this co-enzyme. These 
experiments show that the results obtained by KL UYV ER and STRUYK, in 
their experiments with maceration juice. are substantiated by those with 
zymin. 

As the zymase is also activated by the addition of the boiled washing 
we must conclude that . besides hexosebiphosphate th is solution contains 
an active principle which is present in a zymin washed until it is free from 
co-enzyme. 

The "proteinsolution free from co-enzyme" was obtained from a zymin 
which was rendered inactive by thrice washing it for ten minutes with eight 
parts of water. Experiments we re carried out which proved that the zymin 
would not ferment glucose even after the addition of an amount of hexose
biphosphate which corresponds to ISO mg . of the Ba-salt per 10.3 cc. 

The washed zymin (from 9 grams of dry zymin) was made up with water 
to 30 cc. and placed at 35° C. for th ree to four hours . toluene being 
added. After this 6 cc. 0.5 K2HP04 were added and the suspension was 
boiled for two minutes. then 30 cc . of water were added and the suspension 
gently boiled again for ten minutes. Af ter cooling and centrifuging the 
residue was suspended in 50 cc. of water and boiled again. Af ter having 
been centrifuged the centrifugate was added to the former . The clear pale 
yellow solution (ca. 100 cc. ) which showed strong protein reactions was 
concentrated on the water-bath to 12 cc . One cc. of this concentrate thus 
corresponds to 0 .75 gram of dry zymin and contains 0.5 cc. of 0.5 M 

K 2HP04 · 

D. When the washing of the zymin is continued a stage is reachen 
in which the inactivated zymase will not ferment glucose even af ter the 
addition of hexosebiphosphate in large amounts and of the protein 
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solution U.c. , whilstthe addition of the boiled washing still produces a 
quantitative fermentation. 

9 grams of zymin were thrice washed for ten minutes with 8 parts of water 
and made up to 48 cc . 4 cc. of this suspension (0.75 gr. of zymin) we re 
added to the following solutions and made up with water to a total volume 
of 10.3 cc . One cc . of each of these mixtures was introduced into the 
fermentation apparatus. 

The hexosebiphosphate solution used contained 10 mg. organic P per cc. 
Besides 0.5 gr. of glucose the solutions contained : 

Exp. 1. 2 cc. 0.5 M K:!HP04 + 1 cc. acetaldehyde (1 % ) 
Exp. 2. 2 cc. 0.5 M K:/HP0 4 + 2 cc. methylenblue 
Exp. 3. 2 cc. 0.5 M K:/HP0 4 + 0.75 cc. Na-hexosebiphosphate 
Exp. 4. 2 cc. 0.5 M K:!HP04 + 1.5 cc. Na-hexosebiphosphate 
Exp. 5. 2 cc. 0.5 M K:!HP04 + 3.0 cc . Na-hexosebiphosphate 
Exp. 6. 3 cc. Na-hexosebiphosphate solution 
Exp. 7. 0.5 cc. 0.5 M K:!HP0 4 + 3 cc. proteinsol. U .c. 
Exp. 8. 0.5 cc. 0.5 M K~HP04 + 3 cc. proteinsol. U .c. + 1.5 cc. 

Na-hexosebiphosphate 
Exp. 9. 1.0 cc. 0.5 M K:! HP04 + 2 cc. proteinsol. U .c. + 1.5 cc. 

N a-hexosebiphosphate 
Exp. 10. 1.0 cc. 0.5 M K2 H PO 4 + 2 cc . proteinsol. U .c. + 3.0 cc. 
Exp. 11. 5 cc. boiled washing conc. [Na-hexosebiphosphate 

Exp. 1-11 contained the same amount of anorganic phosphate as 
the boiled washing (resp. 31.2 and 31.0 mg. Pl. The quantity of hexosebi
phosphate in the boiled washing was estimated and amou!1ted to 12 .2 mg. 
P . in the 5 cc. used. 

Exp. 1 until and including expo 10 did not show the slightest evolution 
of gas even af ter 48 hours. 

Exp. 11 gave the following figures : 
1 Yz hours 3.1 cc., 3 h . 4.2 cc ., 5 h. 5.5 cc. , 24 h. 12.4 cc., 48 h . 12.6 cc. 
The same protein solution U .c. had been used in the experiments in C. 

and in those mentioned above. Still we see that the addition of the protein 
solution U .c. along with hexosebiphosphate does not long er suffice to 
restore the fermentat ive power of the washed zymin . We may therefore 
conclude that in the last mentioned series besides the two substances 
mentioned still another substance is indispensable to produce the same 
reactivating effect as is characteristic for the boiled washing. 

We may summarize the result obtained here in this way: Probably to 
the three already known factors , indispensable for a normal cell-free 
fermentation, at least one more must be added. 

E . When the zymin is washed with 8 parts of water once for 
30 minutes and twice for 15 minutes the addition even of the boiled 
washing cannot reactivate any more the zymase; the enzyme is irreversibly 
inactivated. 

Utrecht, April 1929. 




