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In the study of the enzyiiiatic capacities of micro-organisms 
it is essential to be able to produce large :iiiiounts of cells if the 
enzyme in question is to be extracted from the cells or from the 
substrate or if the biocheniic:il activity of intact cells is to be 
studied. In  order to create optiiiiuiii conditions for cell iiiulti- 
plication in liquid iiiediu it is important that the substrate should 
be kept in iiiotion throughout the cultivation period. Thus, the 
cultivation is usually perfornied in shaking iiiachines. To a 
certain extent the shaking of the culture :ilso prevents cluiiiping 
and aggregating of the cells, a factor of iiiiportance when the 
activity is to be related to the number of living cells as deter- 
iiiined from ability to colony forni:ition on solid iiiedia. 

The production of suspensions of living strictly anaerobic 
micro-organisnis is soiiietiiiies extremely difficult, as good and 
rapid growth is obtained only at a very low oxygen tension. In 
fact, iiiany of these organisms can be cultivated only in :I hy- 
drogen :itniosphere alniost or coiiipletely free from oxygen, since 
the oxidation-reduction potential is sufficiently low only under 
such circumstances. 

The authors have worked out :I iiiethod for the cultivation of 
anaerobic iiiicro-org:inisms in liquid iiiedia under hydrogen- 
c:irbon dioxide :itinosphere :ind tinder constant stirring (Fig. 1). 



36 

Fig. 1. Arrangement for nnaerohic culture in liquid media. 
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METHOD 

The substrate is sterilized in the usual way in a glass flask 
containing 1 litre of mediuiii. The g:is voluiiie over the surface 
of the substrate was about 1 decilitre. The neck of the flask was 
thread-coiled and closed with a screw-cap during sterilization. 

After the substrate was inoculated, :I special Teflon-covered 
magnet stirrer" was transferred to the flask aseptically. The 
magnet was sterilized in the autoclave enclosed separately in 
paper. 

Subsequently a special appmitus (Fig. 2) was applied to the 
flask. It is made of brass plated with chroniiuiii and consists 
of a chamber containing a pal1:idiuiii-nsbestos catalyst enclosed 
in a brass net. At  one end of the chaiiiber there is a gas tap and 
at  the other end an opening closed by a screw, which permits 
the inspection and exchange of the catalyst. To the gas tap a 
glass tube containing a cotton filter is connected by a rubber 
tube (Fig. 3) .  

The apparatus with the cotton filter iiiay be sterilized sepn- 
rately in the autoclave enclosed in thick paper. 

When the apparatus was applied to the flask the filter opening 
was connected to a vacuuiii puiiip and :I manometer, and 80 per 
cent of the air was evacuated. A mixture of hydrogen and car- 
bon dixoide (6  per cent, final concentration about 5 per cent) 
was taken froiii the pressure tube to a rubber balloon. This bal- 
loon was connected to the filter. The gas tap was opened so that 
the gas might enter the flask. 

The flask was then placed over a rotating magnet, which 
caused the inagnet inside the flask to rotate (Fig. 1). The iiiotor 
had to be taken out froiii its cover, otherwise the iiiediuin was 
overheated. The balloon was connected to the apparatus during 
the cultivation period. 

Great care must be taken when preparing the catalyst so that 
the gas iiiixture will not come into direct contact with the pal- 
ladium and cause an explosion. When the authors were letting 
in the gas they had the :ipparatus covered in such a way that 
only the hand opening the gas tap was exposed. However, they 
have used hydrogen gas daily for three years without any acci- 
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1. Cotlon filter. 
2. I~u1,ber tu1,c.. 
3. Palladium-asliestos 

4. Gas tap. 
catalyst i n  1,less net .  

5 .  arid 6. I iul i l~cr p;icki~iys. 
7. Glass flask. 

Fig. 3. Srctioii Ihrougli tlir nppariitus. 

dents. The cat:ilyst iiiiist he changed every six inontiis, since the 
brass net will he wenltened by the heat evolved during the reac- 
tion between hydrogen and oxygen. 

EXPEIIIMI.:KTS 

Five experiinents were perfornied with five different strictly 
:inaerobic strains of Leptotrichin reseiilbling those strains de- 
scribed by B@e (1941) and Hnniilton & Zcrhler (1957). The b : ~ -  
teriological study of these strains will be reported separately. 

The strains were isolated from plates inoculated with material 
from between the teeth. The plates were incubated in an atmos- 
phere of hydrogen with 5 per cent carbon dioxide, the oxygen 
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being consuiiied by hydrogen with palladiuin as a catalyst. In  
this titinosphere, the Leptotrichia strains will grow easily on 
ordinary horse-blood agar. After 6 days the colonies are often 
20 111111 in diameter. 

Material was taken from a colony to :I tube containing 10 1111 

of a iiiediuiii consisting of Brain-Heart infusion (Difco) to which 
were added 0.3 per cent yeast extract and 0.03 per cent cysteine 
hydrochloride :is suggested by iFIoller ( 1958). After incubtition 
for 18-60 hours a heavy growth was visible in the tubes. Thc 
content of a tube was then transferred to ii bottle of the lype 
previously described, containing 1 litre of the saiiie iiiedium, the 
iiiiignet was added and the apparatus was applied. After 80 per 
cent of the air was evacuated and hydrogen-carbon dioxide 6:‘s 
was let in, the flask was incubated until a heavy growth wiis 
visible. The incubation period varied between 18 and GO hours, 
since the lag period was of different lengths in the different 
experiments. Once growth was visible, the substrate becaiiie tur- 
bid after a few hours. 

When a moderate growth was visible, the flask was opened 
and the iiiediuni was centrifuged. A suspension was prep:ired 
;is previously described (Frostell, 1057). In sollie flasks :in open- 
ing was iiiade in the wall 1 cm :hove the bottom. The hole was 
closed by a rubber stopper through which ;I glass tube was in- 
serted. The glass tube was closed by a rubber stopper. Through 
this tube samples could be taken froiii the flask for turbidity 
deteriiiinations during cultivation. 

Table I shows the results of these experiments. The wet 
weights and dry weights obtained from 1 litre of iiiediuiii wr ied  
from 0.74 g to 2.26 g and from 0.08 g to 0.33 g respectively. 

Table I. 
Il’et weights, d ry  weights und plute  counts per  mg weight obtrtined w i th  

3 struins (if Leptotrichin centrifuyed nnd siispeiided in 10 mMI1 
phosphnle bt i l fer  ( p H  6.96). 

I I 
Wet weight 1.87 g 1 2.26 g , Dry Weight 0.13 g I 0.32 g 

I 
0.74 g 1.03 g 3.21 g 
0.08 g 0.13 g 0.33 e; 

Platecountperiiia\r,.\\..l ~ 2 . 2 l X l O ’  1 3 7 x 1 0 ’  ~- 1.2GX lo’ 
~ ~~ ~ ~~~~ 

~ 2.16X 10’ ~ 2 . l X X  10’ 
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The plate counts determined immediately after dilution of the 
suspension to 10-7 with a buffered Ringer solution and inocula- 
tion on the surface of horse-blood agar plates incubated anae- 
robically, as previously described, for 2-3 days varied between 
l.26XlO7 and 2.2lXlO7 per iiig wet weight. 

In this series of experiments, no systematic efforts were made 
to achieve niaxiiiiuni aiiiount of cell mass or living cell number 
per iiig of weight. 

It was found that the plate count of the suspensions rapidly 
decreased with time. Curves were obtained reseiiibling those 
obtained with streptococci (Frostell, 1957).  The results of these 
experiments and experiments performed in order to create stable 
suspensions of Leptotrichia will be reported separately. 

SUMMARY 

A method was elaborated for the anaerobic culture of organ- 
isms in liquid media in a hydrogen-carbon dioxide atmosphere 
and under constant stirring. The authors have devised a simple 
apparatus containing a palladium-asbestos catalyst which may 
be applied to a glass flask with screw neck. The stirring mas 
performed with the aid of a motor-driven magnet. Suspensions 
were prepared by this method from five different strains of 
Leptotrichia, which were strictly anaerobic. The wet weights 
obtained from 1 litre of niediuni varied between 0.74 g and 2.26 g, 
and the plate counts varied between 1.26XlO7 and 2.21X107 
per iiig wet weight. The suspensions prepared were not stable, 
however, since a rapid decrease in viable cell counts was found 
in all experiments. 

RESUME 

UNE METHODE POUR LA CULTURE D’ORGANISMES ANAEROBIES 

Une iiidthode a 6th 6labori.e pour la culture anabrobie d’or- 
ganisnies en milieu liquide, dans une atmosphirre d’hydroghe- 
dioxyde de carbone, sous une agitation constante. Les auteurs 
ont construit un appareil simple contenant un catalyseur 
d’aniiante de palladium qui peut &tre adapt6 A un flacon de verre 
A col filet6. L’agitation btait obtenue A l’aide d’ainiants nius par 



un nioteur. Les suspensions furent pr6p:irPes 1):ir cette ii i6thotlr 
;I partir de cinq colonies differen tes de Leptotrichio qui  6t:iicnt 
strictement :inadrobies. Les poids A I'6t:it niouilli. ohtenus pour 
uii  litre de culture variaient entre 0,74 et 2,26 g et le noiiihre 
de cellules vi:ibles v:iri:iit entre l ,%X I 0 7  et 221 X 10; p i r  iiig tlc 
poids 1.6 tat niouil16. Les suspensions prCpiir6es n'6 t aicn t c*el)en- 
(Inn t p i s  stables, et toutes les experiences on1 iiiontr6 uiie rtipidib 
diminution du noiiibre de cellules viables. 

EINE METHODE ZUR HERSTELLUNG AKTIVER SUSPENSIONEN VC IN 
ANAEROBEN MIKROORGANISMEN 

Eine Methocle fiir nnierohen 15ehriitung voii 0rg:inisiiien in 
Fliissiglteiteii in eiiier Atiiiosphlre von \~':isserstoff-l<;i~l)oiidiox~~l 
unter Itonstanter Bewegung ist ausge;irbeitet worden. Die Auto-  
ren habeii einen einfachen App:ir:it Iconstruiert, cler eineii 1';il- 
1 :id iu i ii :I sbe s t li a t :I 1 y s:i t o r en t h i It , u nd der :in e i i i  er GI :i s f I :I scli c 
mi t Sclirauhenlia I s angehrncli t werden l imn.  Die I3ewegiing 
wurde iiiit Hilfe von Mngneten erzeugt, die \*on eineiii Motor 1 ~ -  
trieben wurtlen. 1)urch diese Methode wwrtlcn :ius fiinf vc'r- 
schiedenen Staiiiiiieii von Leptotriclii:i, die :inieroh waren, Sus- 
pension e n he rge s t el 1 1. 1) :I s Feuc h t gew ich 1, d ;I s :I u s e i ne 111 L i t e I* 
tles Metfiunis gewonnen wurde, sc1iw:inkte zwisrhen 0,74 g i i i i c l  

2,2G g, und die I(eii~iz:iIil Itoloiiicbildeiitler Zellen pro iiig Feucht- 
gewicht schw:inlite zwischen l,2(iX l O 7  iind 2,2lX l O 7 .  I)ie : iul  
tliese Weise hergestellten Suspensionen w:iren jedocli nicht stahil, 
d : ~  eiiie r:ipide \'eriiiinderung dcr Anz:ilil cler lebensfiihigeii Zel- 
len bei a1 I en  Ex pe r i nien t en beo h ac h t e t wurde. 
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