
By -8. h? Sash2 and RalnnX V. N~ o w z s .  
The first attempt to prepare invertase datcs back nearly forty 

years, when O'Sullivan and Thomson (J.C.S., 1890, 51, 834j tried to 
isolate the enzyme from yeast autolysates by precipitation with 
alcohol. The invertase was thrown out as a precipitate when the con- 
centration of alcohol reached 47 per cent., and contained a large quantity 
of yeast-gum and protein matter. Y.:_-jx:I:It:n of the process after 
redissolving the precipitate in water gave a product which still con- 
tained much yeast-gum and protein. The  activity of invertase prepa- 
rations is now expressed by the 'I time value," defined by Willstitter 
and Kuhn (Bcr., 1923, 56, 509) as the time required in minutes to 
reduce the rotation of a zo per cent. sucrose solution to oo using sodium 
light, when 0.05 gm. of an enzyme preparation dissolved in 5 C.C. of 
o - g N  mono-sodium phosphate solution is added to 2 0  C.C. of the 
sugar solution, the hydrolysis being carried out at 15.5~. This value 
is expressed as z t  oo = t minutes. O'Sullivan and Thomson's most 
active preparation had a time value zk oo = 25.1 minutes and from a 
study of its properties they concluded that it contained both carbohy- 
drate and alburninoid constituents. T h e  preparation gave strong 
Millon and xanthoproteic reactions but not the biuret test. Tha t  the 
preparations obtainable by such methods always contain much yeast- 
gum is evidenced by the researches of Salkowsky (2'. physiol. Chem., 
1900, 39, 305). Protein impurities are also present but are removable, 
a s  the researches of Osborne (Z. physid. Clzenz., 1899, 28, 399) and 
Kolbe (2. physzod. Chem., 1900, 29+ 429) have shown. Osborne 
coagulated all the proteins of the yeast by means of alcohol, and, 
after decanting the alcohol, allowed the yeast to autolyse under 
chloroform water. T h e  autolysate after filtration was treated with 
alcohol and the invertase precipitated thereby. This gave a prepara- 
tion more or less free from proteins, but it contained almost the whole 
of the yeast-gum originally present in the raw material. O'Shima 
(2. priysiol. Ckem., 1902~36,  363) attempted to purify Osbome's prepara- 
tions by precipitating with copper acetate the yeast-gum as the copper 
salt, but his method was not a sure one. Moreover, the activity of 
the enzyme was reduced, part of the enzyme being destroyed. T h e  
most difficult problem encountered in the preparation of pure enzymes 
is the removal of substances closely related to the enzyme itself and 

.probably consisting of inactivated enzyme, the zymogens and de- 
composition products of the enzyme. 

Lead acetate has been used by Nelson (1. Amer. Chm. Soc., 1914, 
36, 363) for the precipitation of proteins from yeast autolysates, the 



lead i : . o m  the i n v e r t a $ e . c o n t a ; o i ~ ~ g  f i ! t r a t e s  b e i n g  s u h s e q u e n t i y  removed 
7- 

b y  the u s e  o f  s e r l p h ~ i r e t t e d  h y 3 r o g e n .  I he invel-tase is t h e n  p r e c i p i -  
t a t &  by  alcc;hoP, but a g a i n  is lar f r o m  p u r e ,  still c o n t a i n i n g  y e a s t - g u m .  

The a'so~ie m e t h o d s  all s u i l e i -  i r o r n  o n e  defect or a n o t h e r ,  a n d  
have t h e r e f o r e  b e e n  a b a n d o n e d  in i a v o u r  o f  a d s o r p t i o n .  'TI-e l a t t e r  
map be a p p l i e d  i n  one o f  t w o  ways, (7) a d s o r p t i o n  o f  i ~ - c p u r i t i e s  i n  
p r e f e r e n c e  to the e n z y m e ,  the e n z y m e  h e m p ;  t h e n  r e c o v e r e d  f r o n i  thr. 
f i l t r a t e ,  or (a) a d r a r p t i o n  o f  the e n z y m e  i n  p r e f e r e n c e  t o  t h e  i r n p u l - i t i e s ,  
the c n q w c  b e i n g  s u b s e q u e n t l y  e l u t e d  h.01-11 the p r e c i p i t a t e .  Tile 
c l e s i r c d  effeci i s  o b t a i n e d  by t h e  e r n p l o y n ~ e n t  o f  suitable a d s o r b e n t s  
and sirict c o n t r o l  of the e x p e r i m e n t a l  c o n d i t i o n s ,  a caldi i l  ::rd e x -  
h n u s t i w  s tudy of t h e  v a r i o u s  f a c t o r s  a f i e c t i n g  t ? ~  n<iscii-ptiora b e i n g  
r e q u i r e d .  In s o m e  c a s e s  b o t h  t y l x s  o f  a d s o r p t i m  nmy 1x u t i l i s r d  arc1 
the p r o c e s s  used in the present r e s e a r c h  is suc:h a o n e .  

T h e  i o U o w i n g  t a b l e  g i v e s  s o m e  o f  the t y p i c a l  a d s o r p t i o n  m e t h o d s  
which h a v e  b e e n  e m p l o y e d  lor p u r i f y i i ~ g  i n v e r t a s e ,  and the a c t i v i t y  ol  
the p r e p a r a t i o n  t h u s  o b t a i r ~ e d  :- 

T A B L E  I. 

Author l Methurl of Prepamtion i T i m e  v:il u r .  1 :io" 

1. Exler, Lindberg and Precipitation of yeast antolysntr by alcohol. 
Mr!noder i extraction of precipitate by vater ; :~dnorp- 

( Z ,  phyiid. Chewz.. 1 tion of i ~ n p r r i t i r s  by kaolin ; precipitaiiou 
 IS^, 69,152) 1 of invertasr bv alcohol 

2. Enler and Knllherg I Similar 
jZ. ghysioi. Chcw., I 

1913, 73, 335) 
3 .  Enlermi! S v a u b e ~ ~  I Fractional precipitation of yeast liquor hy 

(2: ghrsiol. Chcm., I alcohol ; adsorption oi irnp~irities by kao:in : 
1920, 112, 262) ! precipitation of invert+se by alrohoi ; dia- 

I4 n i n s  

12 ., 

7.J. ,, 

4 ,  Enler  and Svauberq 1 lYSis Similar I ' T S  ,. 
(Z ,  physiol. chenr: 

1919, UW, 294) 
5. S v a n b r r ~  

(2. ghysioi. Chem., 
lijZ0, SS9,65) 

6. Willst3tter nnd Kachc 
jAnaaLcu, 1021, 425, I) 

7 .  WillstBttar awl Xacke 
(Ansdes,  1922, 427, 

111) 
8. Willstattrr. Graser ai~cl 

Simiktr ! &?I ., 

Adsorption of invertese firstly by :rla~uinlum 0.86 ,, 
hydroxide m d  scbseqneatly by knoliu 

Adsorption by nhlminium hydroxirle and  i l w i  1.4 ,. 
by kaolin 

Precipitation of veast llquor by ioad acetate j 0'2 ,. 
I ( u h ~  and pnrificntior hy aluminimn nyrlroxide , 

(Z. ghy3tnl. CIW,'., 
1922, 123, I) i 

9. Eular and Josephson 1 Precipiratiou hy alcahol ; eltraction of precipi- . 0.3 ,, 
[Em., 1925,56,(8), 4533 tate by water ; ndsorptiou on alnmiulum j 1 hydroxide. 

PO. Josephson 
(Arkiu K e h ,  Mkeral Adsorption on aluminium hydl-oxide . aubse- . ... 
GO.. 3 ,  2 / quent adsorption on i w r n  ; , d r i ~ a  of 

above 1 
I 



The table shows that the methods often yield invertase of high 
time vaiue indicating low purity. ir, only one case is there z Frepa- 
ration of time value i oo = 0 .20  mio., this beicg the highestdegree 
of purity yet attained. 

A repetition of some ob the above methods has b e m  made in 
this laboratory with variable results. A method was subsequently 
developed which gave preparations of very low time value, s o m e t i ~ e s  
as low as those of Willstatter. This method is reliable a w l  yet very 
simple and easy to conduct. 

AUTOLYSIS OF YEAST. 
As usual the. starting material was brewers' pressed yeast, 50 1bs, 

of which were obtained from a local brewery. The yeast was 
thoroughly washed three times with tap water, a process of considerable 
difficulty, but on stirring the yeast with large quantities of water and 
transferring to tall, wide-mouthed cylinders, the yeast settled less 
slowly and tile supernatant liquid could be syphoned. Addition of a 
small quantity of taka-diastase hastened the process of settling. The  
washed product was mixed with twice its weight of water and about 
500 C.C. of toluene and set aside to autolyse at room-temperature in 
enamelled cast-iron tanks. That  toluene is a very suitable autolysing 
agent has been shown by Hudson (1. Amev. Chm. Sac., 1914~36, 1566) 
and aiso by Willstatter (Annden, 1921, 425, I ) .  At first a strong 
fermentation takes place with evolution of carbon dioxide in large 
amount iollowecl by liquefaction. The whole bath was stirred every 
day by wooden paddles and fresh toluene added every now and then 
to replace the losses due to evaporation. Sampies of autolysate were 
removed every day after the fifteenth day, centrifuged at 3,000 revolu- 
tions per minute for 10 minutes, and the time value of the clear liquid 
determined. I t  is found that the time vaiue gradually fails and reaches 
a steady figure alter about 34 days when the value is z t  on = 430 mins., 
remaining practically constant even after one year. The  autolysate 
contains 1'7-1.9 per cent. of yeast-gum calculated on the dry weight, 
the gum being determined by precipitation as copper salt by adding 
Fehling's solution (Salkowsky, 2. fih~sioL Chcnz., 1919, 61, 124). 
There is aiso present a large quantity of amino-acids set free by 
the hydrolysis ol proteins by the yeast endo-tryptase (Annofen, 1921, 
425, I ) ,  a large quantity of unhydrolysed proreins, and mineral salts 
consisting principally of phosphates. Several types of filter-presses 
and centrifuges were tried for filtering the large amounts of liquid em- 
ployed but they were found unsuitable; fina!!y, large folded fiiter- 
papers were used. The  liquid after Eltration was clear and yellowish, 
but became dark on standing; it was preserved under toluene. 
Throughout this work autolysates more than eight months old have 
alone been used. The time value of the liquor was +- oG = 430 mins. . 



P+:mymn or' DETERMINING THE 'TIXE V ~ r n e .  

Determination oi the &me value at; clefiiird :hove mas carried uul 
according to the metliod trl Wiiistiitter. 'i'iir: in\~erinse-coi1tai:IEng 
soiiltion w;.s inixeci with the bu9er-contaii~il i  sug:ir soli~rion, the 
quantity of invertase iseillg so adjusted that the time requil-cli to reach 
zero rotation was bcC~v:wi 60-t80 minutes under rwrmal conditions. 
When the decon~position was between 50 and 75 per cent., 2 5  c.c. of 
the reaction mixture was pipetted into a tlask con-taining 5 c.c. of 2-A' 

soda, allowed to stand ;it room-temperature for at least I j minutes 
(Vosburgh, j. A91sev. C&m. Soc., 1921, 43, 1693) and examined for 
rotation in a decimeter tube. Three more readings were taken in the 
same way at noted intervals, and the time for zero rotation to be 
attained was ascertained by a graphical method. The time d u e  
could also be calculated by applying the formula : 

l; = l log -."- 
t a - r 9  

n being concentration of sucrose solution belore, and cr - x,  the con- 
centration after, time L, and k = the velocity constant, the null-rotation 
time being calculated by the relation 

Reaction constant x null-rotation time = o.gg: (at 15-5").  

CONCENTRATION OF YEAST AUTOLYSATES. 
The  liberation of invertase, which is an intra-cellular enzyme, 

takes place best under certain conditions of concentration of the yeast 
suspensions, and £or that reason the yeast should be mixed with r 
fairly large amount of water for the autolysis. The liquor can subse- 
quen.t!y be concentrated, and this is necessary for two main reasons : 
( I )  it facilitates the precipitation of. invertase by ammonium sulphate, 
the required amount of which is thus minimised and (2) the adsorption 
of impurities by kadin,  as described below, is greater from concentrated 
solution than from more dilute ones. This concentration, which is 
thus so important, has been carried out by the very simple freezing 
method described in the note followii~g this paper. 

For the problem on hand, it is s~dficient to concentrate the 
yeast-liquor two-fold, and this is effected in one freezing operation. 
'The time value of the concentrated liquor, & o" = 4x0 mii~s., is i~early 
the same as the original, because not much impuri:y is removed in the 
process and the we~ght  of impurities increases in proportion to the 
invertase. 

ADSORPTION BY K n o ~ r N .  
When a limited quantity oi kaolin is added to the yeast extract 

adsorption of the albuminoid matter occurs, but no appreciable amount 
oi invertase is removed, and this important fact is applied in purifying 



the yeast invertase. Another very important point revealed by the in- 
vestigation was the selective character of the adsorption in very dilute 
solutions. relatively more invertase being taken up than when more 
concentrated solutions are employed. On the other hand, the im- 
purities, which are adsorbed with more diificulty, are taken up in 
larger quantities when in concentrated solutions. Hence it is necessary 
to carry out this preliminary adsorption with concentrated yeast auto. 
lysates, the concentration being effected by the freezing method referred 
to above. I t  is of interest to note that Krant and Wenzel (2'. physiol. 
Chenz., 1925, 142, 7 1 )  independently came to a similar conclusion. 

Preparntioa of Kaolin.-Kaolin for adsorption purposes was pre- 
pared by treating pure kaolin with sufficient 2 0  per cent. hydrochloric 
acid to cover it in a beaker and heating the beaker on a water bath for 
one hour with constant stirring. The  acid was then filtered on a 
Buchner funnel and the kaolin washed repeatedly with distilled water 
until the washings were free from acid as tested by litmus. The 
kaolin was then heated on a water bath for one hour with constant 
stirring with distilled water, again filtered, a11d washed. It was then 
dried at 110" and preserved in a stoppered bottle. The kaolin thus 
prepared served admirably for the purpose. 

The adsorption of the impurities by kaolin is carried out at  the 
ice-box temperature. 

CONCENTRATION OF INVERTASE AND FURTHER REMOVAL OF 

IMPURITIES. 

The concentration of invertase is effected by a process of precipi- 
tation from the yeast autolysates, 

Precipitatio~ by AAdcohol.--Attempts to precipitate invertase by 
alcohol, ether, and acetone prove unsuitable as the invertase is 
destroyed sooner or later when left in contact with the precipitants. 
Invertase is precipitated from the yeast extract on addition of 95 per 
cent. alcohol when the concentration of the latter reaches 47 per cent., 
but the resulting precipitate is found to be inactive or nearly so. I t  
may, however, be noted that alcohol has the maximum inactivating 
power at that concentration (Hudson and Paine, 1. Arne?. Chem. Soc., 
1914, 36: 1571). When once it was clear that alcohol inactivates the 
enzyme ~t was thought advisable to dispense with its use altogether for, 
as mentioned before, it is extremely difficult, if not impossible, to 
separate inactivated enzyme from the active enzyme. 

Precipitation 6y Acetone.-The same is true of acetone as a 
precipitant. Acetone precipitates invertase when its concentration . 2 



reaches 45 per cent., but at  that conceotratiou invertase is aInlosi- 
completely destroyed in 16 hours. On the othei- hand, if thc !,.c;;ip;- 
tate throrvn down is removed ii~mediateiy alter the addition of acetone 
by a process of ce;~triiuglrig, the precipitate is active. Thus  in one 
experiment, 50 LC. of yeast extract were mixed with 2 2  C.C. of acetone 
in the centrifnge tube and immediately centrifuged, the whole operntiun 
lasting L Y  minutes. The precipitate was extracted with 9 0  LC, of 
water, centrifuged and the activity of the clear liquor esti~rintecl. For 
this estimation one c.c. of the solution was treatccl with 20 c.c. 1.d lo  
per cent, cane-sugar at 25' for 30 ininutes, when action was stopped 1)). 
adding 5 C.C. of 0.2-N soda. T h e  fall in rotation was deternhci! aLtw 
allotving the mixture to stand for I 5 minutes at the room tci~:!)rl.:~t.urc, 
and is designated as 'activity ' in this paper. 

T A B L E  II .  

Material Activity = change in rotation 

Original yeast liquor ... ... - 2,0Z0 

Centrifugaie nfteraadition of aceloue ... -0'06' 

Precipitate after extractioi: with 10 C.C. 
of water ... ... ... -4.82" 

The  table shows that the precipitate is active, but p:irtinl destruc- 
tion of invertase is also evident. Experiments were then made to 
ascertain the minimum concentration of acetone requisite fur complete 
precipitation. The  results are tabulated below. The  determination of 
activity was carried out as described above. 

The activity of the original yeast liquor was - 2-02", the time taken 
for precipitation and centrifuging 20 minutes, and the precipitate in 
each case was extracted with 2 0  C.C. of distilled water and centrifuged. 

* 

- --.-.--- 
Concentration of Quantity of Activity sf .4clivi!y <,I 

acetone, per cent. 1 precipitate precipitate c e ~ i r i f q p t e  
-- i _- 

50'0 

44'5 

28.6 

16.7 

. . -. 

-1.96' - O'OGD 
- 1.96" -. (J'U:;' 

-0'21' - 1.49) 

-0'06' .. l . # : iP  

--- 



,- a here wa:, I I I  each case an iisrctive xsidue. I t  is thus advtsablr to 
nse a ;!roce?s oi fractional precipitation by first addi~igacetone to bring 
up  the c ~ n r e n h i i o n  to r g  per cent., ceiitrifuginy the :-oli::, and then 
r s i skg  the conceniralion to nbcxit .hr5 per cent. A loss of inveitase i s ,  
however, ineviiable and such io>ses are ofte~r as high as 50 per e n t .  
Th i s  method also was therefore abandoned. 

Pmcipitotin~z hy  Aimco~&m S~&h/inic.--go c.c. oi yeast-iicjnor ol 
initial activity -- 3.08" were shaken ilp with 40 gi*,:;. of ammoniurn 
sulphate in a si~aking-machine Toi- 30 rninztzs and lcit in tile ice-box 
overnight. T h e  dirty white precipitate w a  sepamied m the centri- 
fuge, washed by satorated ammonium suiphate solution, extracted 
with water, and the aclivity detemined. The centr i f~gate  waspracti- 
caily inactive, while almost the whoie of the invertase mas precipitated 
and t::e estract of this precipitate was very active. To nscerhin the 
degree o f  sa?uration by ammonium sujphate necessary iol- cornpiere 
precipitation, one c.c. of thc concentrated yeast-liquor was placed ia 
each of io similar test-tubes to which n saturated solution of amn~onirirn 
sulphate was added in the order, o c.c., I c.c., 2 c.c., 3 c.c., q c.c., 
5 c.c., 6 c.c., 7 c.c., 8 c.c. and 9 LC., the total volume in each case was 
then made tip to 10 c.c. hy water. Immediate turbidity occurred with 
the i a th  tube, while in tubes 6, 7, 8 and g siight opalescence appeared 
very siowly, and became detectable only after 30 minutes. The  tubes 
were left overnight in the ice-chest and centrifuged, when it was found 
that the centrifugate in the 10th tabe was practically inactive. The  
liquids iii tubes, 6 ,  7, 8 and  g,  did not clear even after long centriiug- 
ing at 2,500 revolution.; per minute. The  liquors in the other tubes 
were practically as active as that in I .  This shows that for rapid and 
complete precipitation a go per cent. saturation is necessary. I t  was 
further observed that mare rapid precipitation occurred froin concen- 
trated yeast autolysates than from dilute ones. 

. .~ 
1 hirty c.c. of yeast-liquor, activity - z.ojc', were shaken wit!: 1 5  

gms. of amnionium sulphate for 30 minutes. Turbidity could not be 
removed by filtration or by continued centrifuging. On centrifuging, 
however, n minute quantity of a dirty white solid was thrown out, 
which gave an extract with very little inverting capacity on w7ashing 
with a saturated solution of ammonium sulphate and exiracting with 
ro C.C. of distilled water ; I c.c. of the extract had an activity of -0.43". 
T'ne turbid liquid was aliowed to stand overnight anc! then centrihged. 
A greyish solid was again separated, which gave an extract of low 
act~vity when treated as above. The  turbidity ccntinued and the 
turbid liquid was ailorved to stand in the ice-chest tor another 24 
hours. On  centrifuging agaiu, a white solid of high activity was 
thrown out leaving a clear liquor. T h e  solid thus obtained was . 



almost completely soluble in water. The following table shows tl;e 
results :- 

TABLE IV. 

Time of s:andiuv after Activity of precipitate 
saturation w t b  am%oniu~n extracted with 10 c.C.  of iierntirhs 

sulphetc water 

20 hours - 0.43' 

44 ,, I -146" ceiitrifugates. 

If, however, the yeast-liquor is more concentraled so that its 
activity is - 3.0-r greater, precipitation is more rapid and the precipi- 
tate can be separated after allowing the liquid to stand in the ice-chest 
lor 30 hours. 

The  centrifugate after precipitation oi invertase by anruwniurn 
sulphate, contains almost the whole of the yeast-gum present in the 
original yeast-liquor, yeast-gum not being precipitated by saturation 
with ammonium sulphate, a fact which was shown before by Harden 
and Young (Y.C.S., 191 2 101, r928). The precipitated ; inveitas~ is 
thus gum-free. The invertase in contact with amn~onium sulphate is 
very stable. Thus one preparation left at the room temperature 
(23-2g0) for 20 days showed practically unchanged activity, while a 
dialysed preparation, containing no ammonium sulphate, lost almost 
the whole of its activity in less than 2 days under similar conditious. 
Ammonium sulphate is thus an excellent precipitant for invertase. 

lnvertase horn partially purified yeast liquor is easily adsorbed 
by ammonium hydroxide, lerric hydroxide and kaolin. The method 
of preparing the adsorbent seeins to be of great importance iii deter 
mining its efficiency. For instance, four methods of preparing alu- 
minium hydroxide have been described by W illstatter (Bey., I 923, 
56 5, 149, I I 17 ; 1924, 56 B, 58). The aluminium hydroxide used in 
.these experiments was the aluminium hydroxide C ' and was found to 
be best for the purpose. 

Pre@aratiu?z of "Aduiwimki~z. Nydrozide (?.'--A large enainelled 
cast-iron tank of I 2-1 5 litres capacity was provided wlth a stirrer having 
nickel paddles connected with a hot-air motor. Four per cent. 
ammonia (7.5 litresj were raised by electric heaters to 6oQ anti main- 

C 



tained at approxin~ately that temperature in the tank. Uluniiniurn 
sulphate (500 gms.) was dissolved in 1 . 5  litres of water, heated to 65"$ 
and poured in very small quantities at a time into the vigorously 
stirred contents of the tank. When all was added the heating was 
stopped, but stirring was continued for 15 minutes. The hydroxide 
precipitate s o o ~  settled and the mother liquor could be syphoned. 
Distilled water (10 litres) was added, the contents of the bath stirred for 
some time and the mother liquor syphoned. This process was repeat- 
ed five times. Four iitres of 4 per cent, ammonia were then added, the 
contents heated to 70" and stirred vigorousiy for 15 minutes. The 
precipitate was again washed 10-12 times with distilled water by 
syphoning, after which the wash-water became turbid, and wa's free 
from ammonia (Nessler). The preparation is white, voluminous and 
extremely finely divided. 

Aluminium hydroxide absorbs yeast-gum as recognised by 
Wiilstatter, but in our experiments the liquor treated with alurniniunl 
hydroxide was gum-free and hence no troubie arose. As before 
remarked, the adsorbent takes up varying quantities of impurities which 
require to be minimised. The preliminary removal of impurities by 
kaolin and subsequent precipitation of invertase by ammonium sul- 
phate and dialysis gives a fairly pure invertase preparation and this 
treatment tends to purify it further. The absorption of impurities takes 
place in greater quantities in concentrated solutions than in more dilute 
ones, while, on the other hand, the adsorption of invertase, in prefer- 
ence to the impurities, takes place best in dilute solutions. Eence 
it is necessary to employ very dilute solutions for the purpose of 
adsorption. Further, the amount of adsorpt~on is relatively greater from 
dilute solutions and fails off rapidly the greater the concentration, as 
can be anticipated from the expression of the adsorption law, 

x / M  = is pl/= 
where rtl and 72 are constants and x/vc = concentration of solid phase ; 
x represents the amount of substance adsorbed by ni gms. of adsorbent 
and $ the concentration of the liquid phase. 

Z ~ z f l ~ e n c e  of PH 012 ndsorptwn.-The adsorption by aluminium 
hydroxide takes place best in slightly acid solutions, as the following 
table shows :- 

TABLE V. 

or  sodium hydroxide 

Per cent. adsorbed by 10 c.c. 
of dl (OH), suspension from 

I 
50 c.c. of solutlm 

I 



Ic practice the PH of the :,011;Liml will wr~:i;iliy he  slight!^ 
acid. 

Another important fact to be mentioned, which lnxkch thc U S ~  of 
aluminiuin hydroxide particularly aclv;miageous, is that sincc hmal1 
quantities of impurities accompany the e i ~ z y ~ e  during adsorptiun, thc 
snlaller the quantity of adsorbent used the I)ette:-. Aluminium hydro- 
xide C has a very high adsorbing capacily and is  thus excellciitly 
suited for the purpose. Moreover, the whole o: the invel,tasc d~oul t l  
not be adsorbed, as in the last stages less enzyme is adso~.beri than 
impurities. In fact the adsorption s h o ~ ~ l d  be stopped when go per cent. 
or even less of the enzyme has been assimilated. 

T h e  removal of enzyme from the adsorbate is not accomplished by 
water, but by aqueous solutions ol salts, usually thc phosphates, cit:al.es 
or arsenates of sodium, potassium or ammonium. 

T h e  following eluting agents have been tried :--Am:onia, 0.02 

per cent., diammoniuin hydrogen phosphate, 0.1 JV, j,otassiun~ dihydro- 
gen phosphate, r per cent., sodlurn carbonate, I per cent. and 
disodium hydrogen phosphate, I per cent. in aqueous glycerine ( r per 
cent.) 

Of these ammonia did not iunction at all ,  a h~ir j j r i~ing f a ~ i  
in view of the satisfactory results obtained by Willstltter. T h e  csperl- 
ments were carried out with various concentrations of anrnionin, and 
using various aluminiun: hydroxide preparations as adsorl~ent, all with 



the same completely negative result. A one per cent, soluilion of diso- 
dium hydrogen phoqihale in r lier ccnl. aqueous glycerit~e gave tile best 
results. T h e  elution i:; then rapid. 

D ~ ~ I  .lysis :. is . carried out in coilodion thinibles prepared according to 
the method of Farmer (j. Bid Chcw., 7917, 32, 4+7). Experiments 
with parchment thimbles sliowetl that alniost the whoie of the invcrtase 
passes out in about 70 hours. Even wit11 collodion thimh!es a loss of 
about r g  per cent. occurs in 3 days. Thc  dialysis is conducted in a 
slow stream ol distiiied water at on. 

Five iitres of the concentrated yeast-liquor, having a time value of. 
f oo = 4.10 mins. was treated with 500 gms. oi prepared kaolin, shaken 
thoroughly lor about 3c minutes, and left in the ice-chest overnight. The  
kaolin having adsorbed large amounts of protein and other impurities, 
formed a sediment froni which the dear  supernatant liquid was syphoned 
and centrifaged ; this liquor had a time value rt oo = 390 mins. The  
liquor was treated with pure powdered ammonium sulphzte in the 
proportion of qoo gms. to 640 c.c., shaken in a shaking-machine for 30 
minutes, and then left in the ice-chest for 30 hours. Complete precl- 
pitation was ascertained by testing the activity of the supernatant liquid 
a h  cent~iiuging. Tfie precipitate was then separated from the mother 
iiquor by contrifugirig and washed rwice with saturated ammonium 
sulphate on the centrifuge itself. T h e  washed precipitate was then 
extracted successively with small quantities of water, 560 c.c. being 
found sugcient. Residue was separated on thece11trif;rg-e and consistcd 
of insoluble matter not containing invertase. T h e  slightly yellowish 
clear e r t m x  contained a iarge proportion of the invertase and had a 
a time value i om= 51.5 inin", this low activity being due to its 
containing a large q ~ ~ a n t i t y  of ammonium sulphate which can be removed 
by dialysis, conducted in collodion bags oi about 40-50 c.c. capacity in 
a very slow stream of distilled wntrr for 3 days at  oo. This left a colour- 
less solution with a time value &on = 3.07 mins. T h e  dialysed solution 
was next diluted with water to about one litre and treated with 30 c.c. 
of an aluminirnn hydroxide suspension containing I gm. of A1,0,,. T h e  
alumirium hydroxide containin? the enzyme was centrifuged from the 
mother liquor and mashed twice with distilled water on the centrifuge. 
T h e  wash-liquor u7as practically free from enzyme, about 90 per cent. 
being adsorbed in this way. The  washed precipitate was then shaken 
with 180 C.C. of a I per cent. so!ution of disodiuni hydrogen phosphate 
in I per cent, aqueous glycerine for 30 minutes, after which the elution 
e 



liq,~id was filtered through-a bed of previously ignited kieselguhr. A 
smaiI quantity of enzyme was lost tjii.ough n:isorptioii c m t h  i:leselgnhr, 
but this retains a l l  the a!uniina, a part of which wuuld otilersi>e pass 
into the filtrate. 

 bout 70 per cent. of the enzyme was extracted by the phosphate 
mixture. The  fiml dialysis was conducted exactly as Lefore, i n  collo- 
dion bags under a continuous stream of distilled water at o" for 7 2  hours. 
The  d~alysed liquid had a time value i o" = 0.91 inin. Another 
preparation obtained by a repetition of the above process had a time 
value of & on = 0.80 min. and a third prepnration f on = 1.10 min. 
The following is a cliagralnatic sketch of the various stages in the 
preparation. 

Yesst 

I 
Autolysis under t o l i m e  

1 
Coi~rentrntion by freeziug method 

6 

.1 
Adsorption of impurities by kaolin, 

syphoning the clear liquor and 
centrifuging 

Precipitation by amiuonium sulphalr. 
extraction of precipitate by 

water 

1 
Dialysis 

1 
Adsorption of inveriasc by 

nlumiuium hydroxide. Elution aud dialysis 

The preparation is white and free from yeast-gun). I t  is odour- 
less and gives neither the Molische test for carbohydrates nor the 
Millon test for proteins. It, however, gives a very faint biuret re- 
action and the xanthoproteic reaction. The nitrogen content is very 
low, as also that of ash. It is free from maltase, oxidase and reductase 
and all the other enzymes known to be contained in the yeast. 



The following table shows the yields in the several stages in :he 
course of the preparation. The various figures are caiculated accord- 
ing to the method of WilistHtter ( i lnnalm,  1921, 425, I )  :- 

TABLE VII .  

i3rmery yeast ... 

Yeast-exiract concea- 
tratad by freezi:~q 

Pr~cipjtation by am- 
mOnlUI4 611,<'312 

salution 32d d :.I\%;.; 
of precipitate 

Adsorption on alumi- 
nium hydroxide; elu- 
tion and dialysis 

Xull-point 
Quauti ty time in 

8 minute\ 

10 Ibs. 112-7 mins. for 
(4540 gms ) , Pi76 gms. of 

yeast  

9 litres 85'1 mins. for 5 
I C . C .  

5 ,, h i  mins. Tor 2.5 
C.C .  

560 c.c 107'7 mins. lor 
1 I C.C. 

180 c.c i 10S.1 ruins. for 1 I C . C .  

I 
P 

Mass-t;ma IMass-time/ 
ploduct qsnticr: . per 

M.Z.P. ( I )  ?..Z.:,', !2! cent. 
I 

(1) The mass-time product is calculated as follows :- 

112'7 X 1.716 - 
~- - 0'0426. 

( 2 )  The mass-tme quotient is the reciprocal of the mass-tine 
product, a d  is a measure of the invertasa content. 

Attempts are being made to obtain even h i g h  purity by a second 
adsorption on kaolin. Another improvement under investigation is 
the employment of zirconium hydroxide a.; an adsorbent for invertase. 

The line of work foliowed, and applied to invertase, is suggestive 
and may be applicable to a number of other enzymes as well. It is 
not, however, suggested that ammonium sulphate is necessarily the 
most suital;le precipitating agent for all enzymes. Other precipitating 
agents might be employed and the adiorption methods applied to the 
already partially pur~fied products. 

[Accepted, 2 5 - 1 ~ ~ 2 7 . 1  
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