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Microbiology. - "Oicliztm lactis, t!te milkmoulcl, and a simpte 

met!tod to obtain pure cultures of anaé1'obes by rneans of it." 

By Prof. BEIJERINCK. 

(Communicated in the meeting of February 22, 1919) 

The many methods J'ecommended for the pure culture'of anaërobes, 
- whose multitnde proves that none of them qnite satisfies the 
investigatol's, - may be distingnished in chemical and biologica!. 
As to the fOl'mer, of which Novy's exsiccator method is eertainly 
the best, everything has been trielI. This Call110t be said of the bio­
logièal methods based on the use of living organisms in particular 
aërobic microbes for the removing of the oxygen. For myself only 
aftel' nsing the milkmould to that end I have obtained resnlts worth 
fixing' once more the attention on it. 

Some chief points fl'om the life histol'y of Oidium lactis important 
fol' experiments with this species may precede ; a complete des­
cription is not neeessary here. 

Propel'ties of the milkmould. 

The milkmould possesses a mlmber of properties which render it 
\'e1'y fit for expel'iments in relation to l'espil'ation, nutl'ition, growth 
and symbiosis. lt llllites the chamctel' of the moulds to tflat of the 
yeasts, in pal'ticulal' with regm'd to the gTowth in and upon the snb­
strate whielt takes place without being accompanied by fermentation, 
as also without the formation of eonidia which curl'ents of air might 
spread. Within the substrate the long-celled mycelium is found, on 
the sm'face the chains of conidia which, even when extending free 
in the air, cohere and never contaminate the environment as moulds 
may do. 

lt is easily obtained. A l'Ïch growth results when mal'ket milk 
is left a few days in an open g'lass in a warm room; the milk 
then always covers with an Oidium film. Lactic acid ferments. also 
develop and by their production of acid fmther the growth of 
Oiclium, whilst they - themselves are favoured in their development 
by Oidium, beeanse it oxidises the lactie. acid to earbonie acid and 
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water. In garden ~oil Oidium is generally spI'ead as may be shown 
by inoeulating feebly. acidified malt iJlfnsioll \yith soil and keepillg 
it at 25° to 30° O. The film whieb finally covet'S Ihe liq\lid contains 
besides Mycodel'ma, always Oidiwn. Pt'essed yea;t, long whey, son1' 
milk, eheese, the ontput watel's of distiIlel'ies and all kinds of acid 
sewage, are inhabited by Oidium. Natural habitats al'e fUI,the1'l11ol'e 
the sap flow of many trees eansed by COSSllS l~qnipel'cla and allies. 

For pl1l'e culture acidified malt infllsion- Ol' broth-glycerin plates 
al'e l'ecommendable. The acid sel'ves to exclllde the hay bacteria 
whieh have a great disposition to grow in s)'mhiosis with Oidium 
in neutral environment. 

The transfet,s fOl' the C'ollection are kept on malt-agar, bnt they 
change thet'eby in a few months into a tongb, leathery mycelinrn, 
al most excillsively consisting of long mycelial thl'eads difficnlt to 
separate and evenly to mix with the nutl'Ïment. To obtain nOt'mal 
matel'ial in this ease a new isolation fl'om mill\: Ol' soil is ne('essary, 
fol' tbe change is an heredital'Y non-revel'sible mn tation. 

Under favonrable feeding conditions the gl'owth is l'emar1<ably 
rapiJ and the respil'ation and oxygen absOl'ption go parallel with it. 
This intellsity exeeeds by far that of the ol'dinal'y monlds of t be 
genera Penicilliwn and Aspergillus, whilst it eqllals that of M1.lcol'. 
This holds, however, onl)' good with regard to easily assimilahle 
substances ; less' decomposable matter sueh as pectine, cellulose and 
chitine are not attacked by Oidiwn. Gelatin and agal' are neithet' 
assimilated. Fermentation phenomena, joined with the evollltion of 
gas, are as said also .wanting. HE'lnce, Oicli'um never forms I'ents Ol' 

holes in the Bolid snbstl'ata whel'ein it is C'ultivated, not even in pl'esence 
of glucose. This is one of the reasons why it is so weIl adapted to 
the cultUl'e experiments with the anaël'obes to be discussed below, 

The products of metabolism al'e chiefly Ot' only water and carbon ie 
acid; "olatile or non-volatile snbstances noxious to oUter organisms 
8;re not pl'odueed, . 

In regard tó carbon-food Oidiwn exhibits a gre'at specin,lisation. 
Most hexoses, in pal,ticular glucose, levulose and mannose, are 
readily assimilated and oxidised. Likewi5e aethy lalrQhol. Glyeerin, 
too, is a very good carbon sOUl'ce. On the othet' hand, stal'ch, 
raffinose, n~altose, eane. sngal', mannite and all similal' snbstanees, 
are in no way assimilated. Enzymes, as diastase, maltoglul'use, in­
vertase, lactase, are hen ce completely absent. Glucoside enzymes 
eould neither be found. By the absence of these enzJmes, Vidium, 
whicb so easily reacts on the hexoses, is espeeially fit as' a 
reagent on these enzymes in case they are to be detected in paJ'ts 
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of highel' plants Ol' as pl'oducts of secl'etioll of other microbes; 
here the auxanographic method may advantageously be applied, 

Fats are however split up byOidium, by means oftheexoenzymélipase, 
active outside the eells. Henee, in presence of fats growth of Oicliu7n 
may be expected at the expense of glycerin and this explains the 
general occnrrenee of Oidium as weU in milk and buttel' as in other 
fat-containing materiais. For the preparation of lipase the milkmould 
can affol'd a good starting matel'Ïal. 

As to the nitrogen food Oidiwn resem bles the ordinary yeast 
species and is in this respect I'athel' many-sided. W)lh exception of 
nitrates and nitrites, and unchanged albuminolls subslances, the 
ordinary nitrogen compounds are easily assimilated in presence of 
good carbon food such as glucose and glycel'in. This is in particlllar 
true fol' ammonium salts and urea. Pepton es and the higher ammino 
acids, if alone, are not or very slowly assimilated, but in presence' 
of a good carbon source they may serve as a very good nitrogen 
food, 80 that the complete nutrition of Oidium in presence of these 
substances should be called dualistic, Oonsequently broth bouillon is 
fol' Oidiunt an insufficient food and on. a bl'oth-agar plate it develops 
but poorly, This r-hanges howevel' by adding a good carbon SOUl'ce, 
lf thi& is done locallyon a bl'oth-agar plate thel'e results an auxa-

. nogmm in the diffllsion circle of tht\ related mattei', which proves 
at the same time that the other elements reqnired fol' the growth 
of Oidium, as potassinm, magnesium and phosphoJ', are present 
in sufficient quantity iJl the broth. As these ele~ents aecumulatè 
III the young eeIls, either as the same chemica! compound fOl1nd 
in the substrate or. not, sllch expel'Ïments al'e apt to demonstI-ate 
the absorption phenomenon formerly described by me, It is also 
easy in revel'sing the expel'Ïment, th at is by feeding with carbo­
hydrates, to find with the micl'oscope by means of iodille, gly­
cogen aecumulated in the so large Oidium eells and its disappeal'Ïng 
in the auxanogl'ams of nitl'ogen food, such as ammonium salts 
or Ill'ea, as soon as the carbon food in the substrate is wholly 
assimilated, 

A feebly acid reaction of the medium furthers the growth of 
Oidiurn, and ol'ganic acids, {Ol' example aeetie and lactic acid, may 
disappëar by oxidation. Othel' aeids as molybdenic and tungstic acid 
al'e in good media, sueh as glncose-broth-agal', reduced by Oidiwn 
to the well-known blue oxides, which gives l'i8e to bealltifnl cololll' 
experiments, In nentral 'solut.ions the salts of these acids are howe\'er 
not affected so that Ihis is ti. case of l'eduction in an acid medium, 
The ordina..y alcohol yeasts beha ve likewise, 

79 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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Use 0/ the mi/knwulcl /0'1' t!te p'l.t1'e cultu1'e of anarf'robes, 

In nature the withdl'awing of oxygen from the enYÏronmellt, whieh 
is reql1h'ed fol' the development of anaël'obes, is usuallJ caused by 
aërobic microbes, 

They lIOt only absorb the last tl'aces of oXJgen from the sur­
roundings but even Pl'odllce redllcing substances in it. In the labo ra­
tory this may be imitated by adding to a culture medium containing 
in small numhel' germs of the anaël'ohe to be examined, a g'l'eat 
number of germs of an appl'opl'Ïate aërobie microbe. How sueh expe­
riments have hithel'to been carried ont 1) may be illustrateu by a definite 
example naluely tile cnltivation of the spore-forming aël'obes of the 
albumin putrefaction; th en I wiII deseribe the modified method. 

A erude culture of putJ'efaction bactel'ia is obtained thus. A stop­
pet'ed bottIe is quite filled witil a watery infusion of albuminous 
matter, infeeted with garden soil and boiled 10 kill all non-sporo­
ger:olls microbes. Plaeed in the incubator the mass soon passes into 
stinking pn trefaction, chal'arteristic by the pl'eElence of mel'captans 
produced by the spore-fOl'ming anaël'obes. Now to ordinal'y bl'oth-gelatin 
or broth-agar an abundant qnantity of some intensively growing 
aërobic bactel'Ïum, such as B. j!.uorescens or B. ]Jrofl1giosum is added, 
together with a little of the to 90° or 100° r, heated material 
containing the spores of the p1111'efaction microbes. Aftel' solidifieation 
in a test tube _the aërobes neaI' tile bot tom will Boon absol'b the 
last tt'aces of oxygen and being unable to gl'?W thel'e, not give rise 
to liquefaction of the gelatin; but they will retain tile oxygen pene­
trating from above and develop strongly in tile sllrfare of the gelatin. 
In the 10wer part of the tube the spol'es of the pntl'efaction bartel'ia 
ean now germinate and if gelatin is used th ere wlll "80011 appeal' the 
lal'ge liquefying colonies of the so remarkable 8acillus septicus, togethel' 
with the non-liq uefying putrefiel's, for the gl'eater part recognisable by the 
flocculent strllcture of their colonies, ft chál'actel' l'elated to their 
sellsitiveness to extension and contraction of' the substratnm wh ere­
in they gL'OW, quite as by B. Zopfii. For the nJicroseopical exami­
nat ion this method undoubtedly affords good material, but it is 
hal'dly possible to I'each the single anaë,'ohic colonies without 
tOllching others, To this end it is necessary 10 ,'emove the 
culture gelatin from the tube by healing it in the fIame so that only 
the onter side of tile gelatin melts and the eontents may be thl'own 

1) E. MACÉ, Trailé pralique de nadél'iologie, Se Ed, T, 1, pag, 305, Paris 1912, 
BESSON, Technique mict'obiologique et sérothérapique, Se Ed., pag, 102, Pad;; '1914. 
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out as a who Ie. One mayalso with a file make an incision in the 
glass wall in the neigbbolll'hood of favourably situated rolonies. But 
it is clear that thel'o is much\chance tbat thereby also different colonies 
intel'mÏx so that of a pure cultllre of anaël'obes in tbe usual sen se 
of the word thel'e is no question in snch expel'iments. For exami­
nation with the microscope and for studying' the appeal'allce of the 
colonies the method is nseflll, bil t fol' the culture of pure species it 
is wort bless. 

Every good method for plll'e culture of aërobes and still .more of 
anaël'obes should answer tbe following req\lil'ements: the colonies 
must be situated quite free and at due distances from each othel' 

on the snrface of the solid plates, they must fnrthel'more be readily 
attainable witb the plo.tinum wire. These requil'ements can only be 
satisfied by cllltivation in ordinary glass boxes or PETHI dishes, wbich 
may take place in the labol'atory by means of the exsiccatol' method 
of Novy (see MACÉ, l.c.). 

Aftel' this method, - the best of the chemiral on es, - ol'dinary 
cultlll'e boxes are placed in an exsiccator filled with pure hydl'ogen 
aud moreovel' containing some oxygen-removillg sllbstance, sneh as 
ferro-fel'l'ocyan or alkaline pyrogallol. But this methocl also bas its 
drawbacks, It is namoly impossible quite to prevent the deposition 
of vapour at the glass CO,"er8, so Ihat drops of water falling down 
come on the plates; this makes the colonies intermix and s)JoiJs the 
ex pel'Ïment. It is, besides, hardly possible distincl IJ to see the state 
of cievelopment of the colonies in Ihe closed exsiceatol', whirh may lead 
10 it being opened too early and oblige the experimenter 10 begin anew. 
Tllis is vel'y troublesome considering the compliration of the expel·iment. 

Tho Oidiu11t method has none of these disadvantages, nnd if 
well-managed, prodIlces colonies of the anaël'obes situated quite free 
on the Sllrface of Ihe plates aud easily I'eached with the wit'e. 

The pi'inciple of the method is the placing one O"el' the olher 
of two cnltlll'e plates, sëparated by a l'elalively small space of air. 
One of the plates rontains the aërobic microbe which is to absorb 
the oxygen, while ou the sud'ace of the olhel' the anaërobe is to 
grow. Hel'e, also, 1 select a dennite example fol' illllstration, namely 
the Rtl'Ïctly anaël'obic bacilli o(lhe bulp'ie-acid and the bnlyl-aleoholic 
f'ermenlations; they have cOI'l'esponding nutritioll conditiolIs and may 
be isolated in the same way. They are spore-pl'od lICel'S, t h1'i ving best 
in malt infllsion whe1'e t hey ranse stl'ong fel'melltations accolll panied 
with pl'odnctiou of hydl'ogen and carbon ie acid. A crude bntYI'ic­
acid fel'mentation is prepal'ed as follows. Wheat- Ol' I'ye-flolll', Ol' bettel' 
a pap of potatoes infected with soil, is mixed in a glass benkel' 

79* 
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with water to which is added some calcillm-Cal'bonate, then healed 
fol' a few seconds to 90° Ol' 100° O. Kept at 30° to 40° O. there 
usuallJ results aftel' two da,vB a stl'ong butyric-acid fel'lDentatiOJI 
in which oecur val'ious butyric-acid bactel'ia ~which al'e then to be 
isolated. 

For the pI'epal'ation of a cl'ude butyl-alcoholic fermentation cl'ushed 
corn 1) of HOI'Clewn l1u~qare nuduln may be used; a pap of potatoes 
infected with soi! and heated not higher than 80° to 85° O. wil! 
also do; addition of éhalk is not neeessary, thè butyl bactel'Ïa 
prodncillg no acid. Of course the ~pol'es of bntyric-acid fel'ments are 
still present iu slich pl'epal'ations and the sllrpl'ising fact that by 
application of tlle said temperatul'e 110 butYJ'ic-acid but a bntylic 
fel'mentation ensnes, should probably be attl'ibuted to rite injurious 
action of the butyl alcohol on the butYl'ic-acid fermeiits. 

'rhe pUl'e culture is etfected as follows. 
lVlalt-infnsion agar will! 5° 10 10° glucose is liquetied and aftel' 

cooIing to neal' solidificatioll and addition of a geeat quantity of 
Oidium !actis is plated (Op) in a large glass dish (Gs1 ). At a tempel'atUl'e 
of 25° to 28° O. the whole surfaee of the plate is already aftel' 
24 homs covel'ed with a thfrk snow-white film of conidia and the 
interiOl' of the agal' is wholly intel'woven with mycelium, which 
causes a considel'able absorption of oxygen. 

A second malt-infusion-agar plate (Ka) withont Oidium is now 
pl'epft l'ed in a glass dish ((JS2)' In ueh smaller than Gsl . The space 
between GS1 and GS

2 
must be large enough GS2 to be canght with the 

Hngers. On Hs sUl'face a little of the rnaterial containing the anaël'obes, 
that is of the cl'ude butyrie-aeid 01' butyl-alcohoJic fel'mentations, 
diluted with btel'ile water, is spread, Now Ihe lid of the smaller 
dish (Gs2 ) is removed and the plate pressed on the Oiclium plate 
the agar side (Ra) upward as shown in the figure. 

For the escaping of the ail' from Lr a little hole g is 'bOl'ed in 
the glass wall of GS2 and closed with a dl'oplet of paraffin intro­
dueed with a heated glassl'od, At 28° to 30° O. the air in Lr', which 
space can be reJatively smalI, will soon be free from oxygen and 
the anaël'Obes on Ka eau begin to grow. To fllrthel' tbe absorption 
of oxygen fl'om the agaJ' Ka in Gs~, Oidium may aJso be added 
to it, but then a tbin layel' of malt agal' without Oidium ShOllld be 
poul'ed on the sm'face of Ka to obtain a g'erm-fl'ee sul'face for the 
sowing of the anaël'obes. Oirliurn being ~tl'ictly aël'obic tlle myreJia 
do not. pel'ceptibly gl'OW thl'ough this protecting Jayer. 

') Fermentatioll et ferments butyliques. Archives Néel'landaises I. 39. Pag. 1. 
Bactél'ies actives dans Ie voisinage du lino Ibid, Sér. 2, I. 9. p. 418. 1904, 
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lf the gJass dishes have good dimensions and the space L1' is not 
too smalI, one ean sideways look through the glass wall and follow 

Os .-, 

Lr 
f 
I 
I , 
I 
I 
I 

---- ---- --.... -

Cultivation of anaërobes by means of Oidium lactis. GS1 large 
glass dish with the oxygen-absorbing Oidium ~Iate Op. GS2 smaller 
dish with the culture plate Ka whereon the anaël'obic colonies Ak 
grow. Lr' space between the plates. At g the hole in the glass wall of 
GS2 fol', the escape of the air from Lr, which is aftel'wards closed 
with paraffin. Gd glass lid of the large dish Gs1• The higher 
temperature is at the sidE' of Gd. 

Op 

-.g 

tbe development of the anaërobic cólonies on Al'. 80 it is easJ to 
decide ·when the moment fOl' fm'ther obsel'vation has come without it 
being necessary to J'emove plate Ka from the Oiclium plate Op, 
and th us prevent too eady opening. 

When it is time to open, liquefied malt agal' must be at hand to 
be ponred _ out ovel' the Oicliwn p]ate, especially in the groove 
fOl'med by 082 , as soon as plate Ka is to be l'estored to its place. 
The ft'esh food causes new oxyg'en absOl'ption by Oidiwn and the 
growth of the anaël'obes can go on. 

For the success of the experiment it i$ essential to mind the 
following. The placing in tlJe incubator should be malJag'ed in such 
a way that the Oidin7n layer Op comes in the coolel', and the 
cover Gd as aIso plate Ka in the warmer part. 'rhe ·vaponr in Lr' wilt 
Ihen condellse in Op and not on tlle surface of Ka. In the revel'sed 
position Ka will become moist, the colonies intermingle and tlte 
expel'iment fails, Henee the figllre is l'epl'esented in such a position 
th at the colde\' air is above, the warmer below, as is the aChJal 
state in an incubator with bottom-heat. How simple aH this may 
appeal', in the execution it wiJl be found necessal'y to pay special 
attention to it. 
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In this way it is possible from the ordinary crude bntyric-acid 
fermentations, obtained as descl'Ïbed above, to separate three distinctly 
different Arnylobactel' species, two of which I descl'ibed all'eady 
befOl'e (Pl'oceedings Vol. 12, Pag, 9ï3, 1903) undel' the names A. 
(Granulobactel') saccha1'obutY1'icwn and A. (G.) pectil1ovorum, while 
fl'om the buty l·alcoholic fermentations I wo species were isolated, one 
of which produces large slimy colonies and was described as 
A. (G1'.) butylicum (Archives Néerlandaises, 11e Série, T. 29, Pag. 2), 
whereas the other, w hich secretes no slime, has not vet been 
investigated. The colonies of all these species colour dark blue with 
iodine IIke starch, the staves and closh'idia containing a great 
quantity of granulose. 

The bntJII·jc-acid and' butyl-alcoholic fermentatlOns acquit'ed in 
other wars than the above mentioned have not yet been examined 
thorough Iy. 

As the anaël'obic Sarcina vénfl'iculi likewise develops very 
welI on malt-infuslOn agar at 30° tot 37° C. (Proceedings 28 April 
1911, Pag. 1412), this species may be isolated just in the same way 
as the aboye. 

As regards the spore-produeing bacteria of the rea I pl'otein putre­
faclion tbe OidiwlI-plate may be pl'epared just as in the experiment 
descl"lbed, only fol' the cultivation of the anaël"Obes themselves in 
GS2 it is better to make nse of broth agar with 0.5 Ol' 1 % common 
salt, eilher with addition of 2 % glucose or not. In th is case, too, 
nutrition with carbohydmtes gives m some species I'ise to production 
of granulose, in others not. 

Another anaërobe isolated by the Oidiwn-Illethod is Bacillus acicli 
urici (Proceedings 23 April 1909, Pag. 990), which fel'ments uric 
acid to cal'bonic acid, ammonium acetate and ammonium cal'bonate 
This species also de, elops best on broth agar at 30° to 35° C. 

For beginners it must be noted that on plate Ka the facuItative 
anaël'obes, such as Brwteriwn aê·I'o.qene~· and B. eoli, develop quite 

I weil, as may be proved by streaking' oif all the colonies Ak on 
aërobic plates on whieh the anaël"obes only do not gl'OW. This is 
in accordance with the fact tbat at the stnrting of the expe1"Ïment 
some oxygen is present in Lr sufficient for (he vel'y small oxygen 
want of the facultative, bettel' called temporary anaël·obes. 


