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Microbiology. - "lJJrnulsion laevulan, the product of tlze action 
of viscosaccharase on cane sugal'''. By Prof. M. W. BEIJERI~CK. 

In the proceedings of the Academy of 9 February 1910 an enzyme 
was described which produces from cane sugar and raffinose a 
viscous matter incapable of diffusion. My further investigations, made 
conjointly with Mr. D. O. J. MINKMAN, pl'oved that this substance is 
closely related to the laevulan of LIPPMANN 1) but not identic with it. 

Our emulsion Iaevulan originates in watery nutrient solutions in 
quite the same way as in the agal'plates, so that these solutions 
change into a milkwhite emulsion; the liquid between the suspending 
laevulan dl'oplets opalises vel'y strongly. In hot water the su bstalJce 
is faidy soluble and t11e speeific rotation of the polariscd light, which, 
on acconnt of the opalisation ean only approxlmately be determined, 
is about 

aD = - 80° 

wbilst LIPPlIIANN gives for bis lae\'ulan 

aD = _221°. 

On account of tbis considerable differenee in its rotating power, 
a new name, e.g. "sinistran", might seem 'desirabie. But the word 
laevulan having a eolleetive meaning to which also the more n,nd 
the less soluble forms of OU1' snbstanee may be brought, we sha11 
here use [he general denomination, the more so as it is sme that 
the laevulan of the literatul'e, like ours, consists of t11e eell-wall 
substance of haeteria. 

Besides by LIPPMANN the formation of laevllian by bacteria has 
also been observed by MAASSEN 2), who does not, howevel', describe 
the appearance of the emulsion, so that in this case, too, a modifiea­
tion of our emulsion Iaevulan seems to be pl'odueed. The here 
eoneerned microbe is a sporulating fel'111entation Ol'ganisll1, called by 
MAASSEN Semiclobt1'idium commune, bnt not yet found by us. 

Prepamtion and prope1'ties of enwlsion laevulan. 

We were fil'st of opinion that emulsion laE'vulan 111ight be best 
prepared by using Bacillus emulsionis, for we harl stated that this 
species does not decompose the onee formed laevulan, whilst B. 
me.qathe1·~·Uln aud B. mesentel'icus, which likewise produee emulsion 

1) Chemie del' Zuckel'arten 3te Aull. 1904. Pag. 906, 1312. 
2) Arbeiten aus dcm Kaiscl'l. GesundhelLsamtc. Biol. Abt. Bd. 5, p. 2, 1905. 
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bevulan, aHack this substance and use it as food as S0011 as the 
eune suga1' fails. "Ve have, howeve1', found that with some pl'ecaution 
it is mnch easier, .espeeially with B. rnesente1'icus, to proeluce large 
quantities of laevulan, than with B. e1Tmlsionis; thiR l'eposes on the_ 
ci1'cumstance that the formet' species, pal'ticulal'ly at high temperatures, 
about 40", possesses a very strong vegetative power, whilst the lattel' 
always grows slowly and has a relatively low tempel'ature optimum, 
below or near 30° O. 

Rence we used for the pl'eparation of laevulan the common hay 
bacterinm, whieh is the form of B. rnesente1'icus obtained by accu­
rnulation methods, sneh as the method of potato slices anel th at of 
malt solutions. Bnt this form is so common in our surroundings and 
so weU adapted to the life in cane sngar solutions of for the rest 
different eomposition, that these, aftel' pasteurisation or short boiling 
and when kept warm, of thembelves prodnce laevulan by the devel­
opment of the spontaneous spores of the hay bacillus. Snch solutiolls 
then tnrn milky and slimy by the formation of the microscopic 
laevulan emulsion. 

For the experiments we re used large ERIJENMEYER-flasks with 500 
em 3 of a medium of the eomposition: tap water, 20 % eallesngar, 
0.05 % KNOa, and 0.05 % K2HPO~, cultivated at ± 27:> O. 

This liquid inoeulated with B. mesente1,icus very soon obtains the 
said milky appearance. The same emulsion which to the colonies 
of B. 1i?eSentericus and B. emulsionis on eane sugar agal'plates gives 
so pecnJiar a character, is now in large qnantity produced in the 
culture liquid, satllrated besides with laevulan in true solution, which 
canses the strong and cha1'acteristic opalisation, not known to us to 
such a elegree in any other substanee. Besides, at the bottom of the flasks 
a thick transparent sIime layer is slowly formed, which also proved to 
consist of laevl1lan, whel'ein, ho wever, the bacterial bodies tbemselves 
are accllmnlated, whilst tbe liqnid above it is paor in bacteria but 
abounds in viscosacrharase and laevulan emulsion. The acid formation 
in this solution is slight but not absent. 

The Jaevulan may be precipitated with a.leohol fol' which 50 0/0 

in the solutiol1 is sl1fficient. Only at a much greater alcohol concentration 
other substances of the liq llid also precipitate. By dissol ving in boiling 
water and again precipitating the further purification is easy. Aftel' 
drying and pulverising a snowwhite nearly tasteless powder results. 

From a flask as the above which at first eontained 100 G. of 
eane sugar, 8 G. of pure dry laevulan were obtained aftel' 7 days 
enltivation, the1'e still being in the liquid 20 G. of invert- and 70 G. 
of cane sugar; the slime at the bottom not being collected. 
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From another Hask quite alike to the preceding, which also con­
tailled 100 G. of cane sllgar, were gained 15 G. of laevulan aftel' 
17 days, 45 G. of eane sugal' and 35 G. of invert sugar 3till being 
present. 

The slime adhering to the bottom, consistillg of B. rnesente7'ic'Lts 
with thick cell-wálls of laevulan, was used for a new culture for 
which a solution of, 2 % of cane sugar, 0.05 % K NO~ and 0.05 0

/ 0 

K2 liPO 4 was used. Aftel' 18 days were obiained 2.25 G. from the 
10 G. of original cane sugar, accordingly 22,5 % oflaevulan was earned. 

Pure laevulan is somewhat solubie in cold water, much better in 
boiling; all solutions opalise very strongly. It does not redure FEHIJING'S 

coppersoluiion; only aftel' prolonged boiling a feebie reduction is 
obsel'ved. lt is incapable of alcoholic and lactic acid fermentation, 
but by butyric acid ferments, in absence of air, it gets into as stl'ong 
a fermentation as cane sugar, whereby hydrogen, carbon ic and v91atile 
acid result. 

A number of bacteria can feed on it when growing with access of 
air. Azotobacter chroococc'Iûn can use it uncler fixation of free nitl'o­
gen and formation of some acid. 

By a tl'eatment with acicls, especially when warm, it changes 
readily inlo laevulose and so becomes fit fOl' alcoholic and lactic· 
acid ferrnentation. Aftel' tbe inversion, by heating with resorcine and 
strong hydrochloric acid, the red colonr ~ appeal's, characteristic of 
laevulose, whilst with orcine and hydrochloric acid the violet colou]', 
indicating pentose, is rompletely absent. Wh en distillated and 
treated with slllphllric acid no perceptible quantity of fUl'ful'ol can 
be detected. 

As said, the specific rotation, which cm1l1ot be exaetly determined 
on account of the stl'ong opalisation is 

a n= :..- 80°, 

and aftel' hydl'olysis 

an = - 7UO, 

Aftel' prolonged heating with acid in the autoclave at 120') the 
rotation lowerecl even to 

That of pure laevulose is 

a
D
= - 92°, 

There is some pl'obability that this diminution is due to destrllction 
of part of the laevulose. I 

1

1 
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As we had found that the slime at the bottom of the f1ask is less 
solubie than that obtained by alcohol from the emulsionated liquid 
above it, we prepared laevulan fl'om tbis slime also by separate 
expel'iments, for we supposed thai dextran might occut' therein, whieh 
is mucb less soluble in water than Iaevulan. However, it was found 
th at the laevulan obtained in this way gives 110 óthel' rotatio11 aftel' 
invel'r,ion than the emulsion laevulan, feom which it does not diffel'. 
Hence it is Slll'e that hay bacteria pl'oduee no dextran at aU, but 
that their cell-wall consists of various modifications of laevulan of 
different solubility. 

Not only in media of the above composition B. rnesentericus 'pro­
duces laevulan, this hap pens quite as. easily in a yeast decoetion 
with 2 10 20 % of cane sugar, addition of ehalk>'proving favourable. 
The tempm'aiure of eultivation mayalso varJ anel even rise to 40':> 0., 
but then care should be taken that the laevnlan itself be not attacked 
by the producer. 

From the preceding it may be concluded that the large lumps of slime 
80 easily formed on eane sugar agar-plates by B. mesente1'icus and 
tIle other emulsionating species consist as wel! of laevulan as the 
emulsion whicÎl oceurs round the colonies of th is species in the agar. 

, Hence, it can neither be doubted th at the slime of these colonies, 
which does not diffuse in the agnr, is produced by viscosaccharase 
from cane sugar, and that this enzyme only partIy gels out of the 
bacterial body proper, the cell-wall inclnded. Evidently in the cell­
wall itself the enzyme forms new laevulan by convel'ting the ('ane 
sugar, with whieb both eell-wall and agal'-plate are imbibed. 

The production of cell-wall substance in consequellee of the action 
of an enzyme, which in my former communiration was called 'pro­
bable, must now, as regal'ds laevulan, be considered as pl'oved. 

Dextran and the dextran bactel'ia, which we have likewise stndied, 
shall later be tl'eated more thoroughly. For the moment it may be 
observed that by this subslance the polarised light is strongly l'otated 
to the riglÜ; we found \ 

aD = + 132°, 

whilst in the 1iteratul'e by various anthors is given for dextran 

aD = + 1990 to 230°. 

Quite like laevulan it resuIts exclusively from cane sugar. 80 lae­
vulan as weil as dextran arc pl'OdllCed by microbes, neithel' from 
laevulose, g'lucose, or any ot her sugar, bul solely from eane sugar 
and l'afiinose. The slimy cell-wall substances formed by other microbes 
from glucose, laevulose and maltose, are of a different nature. 


